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Preface 

New methods open new insights and provide the basis for new concepts 
in cancer reseach. The discovery of monoclonal antibodies and the 
further development of immunocytochemistry and hybridization tech
niques has led to a "renaissance" of pathology in the field of tumor 
classification and prognosis as well as in oncotherapy. The application 
of the new marker methods may result in a more intensive integration 
of morphological findings into clinical practice. 

In recent years an increasing battery of commercially available anti
bodies has made a progressively more detailed classification of tumors 
possible using a broader spectrum of immunocytochemical methods. 
All scientific journals publish papers about the results of these new 
applications in tumor diagnosis. Principally, we must differentiate be
tween biological and morphological tumor markers. 

In this monograph the importance of morphological tumor markers 
is the focus of the presentation by an international group. As an intro
duction, two chapters offer accounts of the application of monoclonal 
antibodies to human tumor antigens and the important role of bio
chemical markers in human cancer. A special chapter refers to the 
different immunocytochemical methods for the demonstration of tumor 
markers and their relevance in diagnostic pathology. 

The so-called tumor markers are very often cell or tissue markers 
which provide data related to the problems of cytogenesis, cell function 
or cell differentiation. In contrast with the evidence from biological 
markers, the methods of immunocytochemistry or hybridization tech
niques permit the demonstration of tumor markers precisely, on the 
cell membrane, in the organelles of the cytoplasm or in the nucleus. 
In the very heterogeneous group of morphological tumor markers the 
intermediate filaments of the cytoskeleton, glycoconjugate antigens of 
the cell membrane and special proteins such as enzymes play the major 
role in routine diagnostic work. 

From the histogenetic point of view, markers of different tissues 
can be distinguished. This fact is the organizing principle of the majori
ty of chapters. The epithelial tumor markers include widely varying 
substances (cytokeratins, tissue polypeptide antigen, epithelial mem
brane antigen, oncofetal antigens, markers of glandular differentiation). 
Mesenchymal markers consist of some intermediate filaments (e.g. vi
mentin, desmin etc.), special proteins and enzymes. Other markers are 
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suitable for demonstration of the intercellular matrix (proteoglycans, 
basal membrane antigens), blood group substances, lectins or neuroen
docrine products. Further chapters demonstrate the importance of tu
mor markers in neuro-oncology and viral-associated tumors. The con
clusion of the monograph is an overview on the theme of "cell, tissue 
and organ specific tumor markers". 

Altogether the monograph is a review of methods and practical 
application of the different morphological tumor markers in the field 
of tumor diagnosis and prognosis. Organ specific diagnosis has a very 
great clinical relevance for treatment and prognosis. Therefore, this 
volume brings all pathologists and oncologically orientated clinicians 
up to the state of the art in cancer detection and diagnosis. 

I would like to thank very much all contributors for their excellent 
cooperation in timing and arrangement of the chapters. I am also grate
ful for the outstanding work on this volume by Springer-Verlag, in 
particular Mrs. H. Herion and Mrs. U.S. Davis. 

Hamburg G. SEIFERT 
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1 Introduction 

The introduction of monoclonal antibody (Mab) technology (KOHLER and MIL
STEIN 1975) revolutionized the serological and biochemical analysis of human 
cancer. By fusing spleen cells from immunized mice with myeloma cell partners, 
followed by cloning of the resulting hybrids, it is possible to produce monoclonal 
cell populations, each of which has acquired both the property of immortality 
and the ability to produce a specific antibody. The power of this technology 
results from the ability to generate large quantities of stable, sensitive, specific 
Mab probes which can detect but a single epitope on a complex molecule. 
Tumor markers may be qualitatively or quantitatively different from those ex
pressed on normal cells; Mabs can detect such markers even if they are present 
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only in very small quantity or differ only slightly from other molecules. Although 
human tumor-specific antigens have continued to prove elusive, and indeed 
may not exist, many tumor-associated antigens (TAA) from a wide variety of 
human malignancies have been identified and characterized using Mab probes. 
Tumor markers detected by Mabs to date include oncofetal antigens, differentia
tion antigens, growth factors and oncogene products, hormones, receptors, en
zymes, and many novel antigens for which no function has yet been described. 

1.1 Specificity of Monoclonal Antibodies 

Although the class/subclass, affinity and biological effector functions of a Mab 
clearly affects its utility, the careful, thorough analysis of Mab specificity is 
the most essential aspect of monoclonal antibody characterization. Since hetero
geneity within and among tumors is the rule rather than the exception (vide 
infra), the use of multiple assays (e.g. immunoperoxidase (lP), immunofluores
cence (IF) and radioimmunoassay (RIA)) on frozen or fixed tissue sections and 
on live and fixed cells, as well as the use of multiple tumor and normal tissue 
sources is crucial to determining the true distribution of antigen specified by 
the Mab under study. 

Although Mabs react with their antigens in a highly specific manner, the 
recognition of the same epitope borne on an unrelated antigen is a common 
source of lack of specificity, or cross-reactivity. In a typical example, Mabs 
directed against a glycolipid antigen found on prostate carcinoma were found 
to cross-react with red blood cells (LINDGREN et al. 1986). The findings suggested 
that the carbohydrate moiety was attached to ceramide in the prostate-asso
ciated antigen but to a protein core in the red blood cell. 

1.2 Murine Versus Human Monoclonal Antibodies 

A theoretically major advantage of human Mabs is the increased potential to 
detect subtle antigenic differences between cells of different human malignancies 
or between malignant and normal human cells. 

Unfortunately, despite considerable effort, only limited progress has been 
made in generating useful human anti-tumor Mabs. Human monoclonal anti
bodies to tumors of such diverse origin as breast, lung, gastric, colorectal and 
urogenital carcinomas, as well as melanomas, gliomas and leukemias, have been 
produced by a variety of interspecies fusion, human/human fusion and Epstein
Barr virus transformation techniques (reviewed in STRELKAUSKAS 1985). Most 
of the Mabs are not yet well-characterized, but their quality has been largely 
disappointing. In general, most have been characterized by low affinity (particu
larly since many are IgM) and by low levels and unstable antibody production. 
Interestingly, and perhaps most disappointingly, none has detected a human 
tumor-specific antigen: most react with normal membrane or cytoplasmic com
ponents of the tumor cell. It is possible that many interesting TAA may not 
be immunogenic in humans. 
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A critical appraisal of current progress thus suggests that many technical 
problems need to be resolved before clinical application of human Mab becomes 
a reality. Some of these formidable problems may be more immediately amen
able to solution than others. For example, in vitro immunization, perhaps using 
splenic lymphocytes, is unlikely to be more successful without improved under
standing of the growth and differentiation factor requirements of antigen-re
sponsive cells. However, recent advances such as electrofusion methodology 
(Lo et al. 1984) may improve fusion frequencies, while DNA transfer techniques 
(TAKEDA et al. 1985) may make fusion unnecessary altogether. 

As an alternative to wholly human Mabs, several investigators have gener
ated human/mouse chimeric antibodies, in which the antigen-binding region 
is from a murine Mab and the constant region is of human origin (MORRISON 
et al. 1985; TAKEDA et al. 1985; SUN et al. 1986). In a marriage of hybridoma, 
recombinant DNA and gene transfer technologies, the genes of interest are 
cloned and transfected into a myeloma cell line for expression. Such a "transfec
toma" approach permits the construction of antibodies with desired specificity, 
as can be produced in the mouse, but which are less immunogenic than murine 
Mabs and which possess human effector functions for use in human hosts. 
These attributes are desirable for the in vivo diagnostic and therapeutic use 
of anti-tumor Mabs, as discussed below. 

1.3 Tumor Antigens, Growth Factors and Oncogenes 

A wide range of antigens expressed in tumor cells have been detected and charac
terized by monoclonal antibodies (for reviews see WRIGHT 1984; SELL and 
REISFELD 1985; SCHLOM and WEEKS 1985). Most Mab-defined TAA are generally 
not confined to tumors of one type, many are expressed on normal cells, and 
"preferential tumor expression" is often identified in quantitative terms. Proper
ties of potential tumor markers which must be examined before strategies for 
their use can be developed are: 1) their biochemical nature, 2) number of epi
topes, 3) cellular location, 4) stability, 5) distribution on normal/tumor tissue 
types (public vs. private specificity), 6) distribution within and among tumors 
(heterogeneity), and 7) biological function. 

One class of T AA deserves special mention as a field of active inquiry to 
which Mabs are being newly applied. Aberrant expression of cellular oncogenes 
has been found in carcinomas, melanomas, sarcomas, neuroblastomas and he
matopoietic malignancies. They appear to be associated with abnormalities of 
growth and differentiation, and some have been shown to encode cellular growth 
factors or their receptors. There is evidence for greater amplification and en
hanced expression of oncogenes in the advanced stages of lung carcinomas, 
neuroblastomas, and leukemias/lymophomas (myc) (reviewed in COLB and 
KRONTIRIS 1986), and (controversially, see below) in more aggressive forms 
of breast, colon and prostatic carcinoma (ras) (reviewed in THOR et al. 1986). 
If this is so, then simple methods to detect specific oncogene products would 
be of enormous clinical utility. 

Mabs have now been produced to members of several families of oncogenes: 
ras, myc, erbB and neu, enabling the detection and characterization of oncogene 
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products by antibody binding in immunoblotting or immunohistochemical tech
niques. For example, Mabs directed at the erbB product, i.e. the EGF receptor, 
have shown that overexpression of EGFR is a property of squamous, but not 
other, tumor types (OZANNE et al. 1986), and these Mabs have been shown 
to have antiatumor effects (MASUI et al. 1986). 

The apparent presence of activated or otherwise aberrant ras genes in ap
proximately 20% of solid tumors is enticing, although the role of ras in malig
nancies is unclear at present. The p21 protein product of the ras family, which 
may be an obligate intermediate in the transduction of growth factor signals 
(GOUSTIN et al. 1986), has been extensively studied using anti-p21 Mabs. The 
Rap 1-5 series of Mabs (HORAN HAND et al. 1984) and the Y13-259 Mab 
(FURTH et al. 1982) detect both normal and activated forms of the ras proteins; 
at this writing, controversy exists over the significance of tissue binding by 
Rap-5, since IP studies (THOR et al. 1986) have shown a much higher presence 
of ras than can be accounted for by oncogene transcripts. It has been suggested 
that the additional reactivity to tissue sections seen in IP studies may be due 
to cross-reactivity of the anti-p21 Mabs with both normal and activated ras; 
however, the Mabs identified by CARNEY et al. (1986) detect only mutated p21 
yet also show more cross-reactivity in IP studies than in vitro specificity would 
predict. Work by ROBINSON et al. (1986) indicates that Y13-259, but not Rap-5, 
can discriminate between cell lines with and without transforming ras genes. 
It is therefore possible that Mabs such as Rap-5 bind to cancer tissues at high 
levels at least in part through cross-reaction with an epitope also found on 
an unrelated antigen, as described above in Section 1.1. Further studies will 
have to be performed to settle the controversy. Such experiences are common 
when Mab technology is applied to any new area of tumor immunology, and 
illustrate the necessity to apply rigorous control systems to the specificity analy
sis of anti-T AA Mabs. Whatever the outcome of this particular case, Mabs 
directed against oncogenes and their products appear to show great promise 
in tracking the etiology, classification, and prognosis of human tumors. 

1.4 Antigenic Heterogeneity 

Heterogeneity of antigenic expression on tumor cells is a major potential prob
lem for the development of strategies for the immunological diagnosis and thera
py of cancer. The increased use of highly specific, non-crossreacting monoclonal 
antibodies has both highlighted the presence of antigenic heterogeneity and 
accentuated the problems due to it. 

Immunohistochemical studies using Mabs have shown both qualitative and 
quantitative heterogeneity, such that (1) multiple antigenic phenotypes can exist 
in tumors of a given type, ranging from cells expressing all the antigens under 
study to cells expressing none; (2) variable phenotypic expression can occur 
within a given tumor, showing a patchwork distribution of antibody-binding 
and non-antibody-binding cells or areas of cells; (3) a particular antigen may 
be expressed in the cytoplasm of cells in one part of the tumor and in the 
membrane of cells in a different part; (4) different metastases from the same 
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patient may show different antigenic phenotypes and (5) individual cells of the 
same phenotype may differ significantly in antigen density (reviewed in ED
WARDS 1985). 

The multiple genotypic and phenotypic causes of the heterogeneity described 
above have been reviewed in SCHLOM (1986). Most intriguing is the possibility 
that different antigenic expression may sometimes reflect biological behavior: 
certain Mab-defined T AAs have been shown to correlate with more (SUTER 
et al. 1985) or less (XIANG and KIMURA 1986, personal communication) aggres
sive behavior im melanomas. It might be possible to exploit such variation 
in antigen expression for diagnostic and prognostic purposes. 

The problem of antigenic heterogeneity becomes clear and vexing when one 
considers that a primary advantage of using Mabs lies in their exquisite sensitivi
ty and specificity and their ability to discriminate between morphologically simi
lar cells. Unfortunately, cells which do not, for whatever reason, express the 
appropriate antigen are rendered" invisible" to the Mab. Since T AA-directed 
Mabs tend to react not with 100% of tumors or tumor cells, but rather with 
a subpopulation of those tumors or cells, the use of a single Mab thus inevitably 
will mean missed diagnoses, unrecognized recurrences and metastases, and tu
mor cells resistant to Mab-directed therapy. 

One answer to the problem of variable tumor marker expression is therefore 
the use of panels of Mabs or defined mixtures (cocktails) of Mabs that react 
with distinct epitopes on the same or different antigens. Such panels have im
proved the detection of T AA in serum by RIA and ELISA, in urine by flow 
cytometry, in tissue sections by IP, and in vivo by radioscintigraphy, and are 
discussed in the appropriate sections below. 

Another interesting approach is the enhancement of marker expression in 
a tumor population by the use of biologic response modifiers. For example, 
interferon has been shown to enhance the expression of TAA and HLA-DR 
antigens on the surface of human colon or breast carcinoma, but not normal, 
cells (GREINER et al. 1984; ROWLINSON et al. 1986). In the latter study, HLA-DR 
antigens were induced on the surface of 80% of formerly HLA-DR-negative 
breast carcinoma cells, where they then served as targets for radioimmunoimag
ing in a nude mouse xenograft model. 

2 Diagnostic Applications of Monoclonal Antibodies 
to Human Tumor Antigens 

2.1 Serum Assays 

Tumor markers may be released into the serum by antigen secretion, antigen 
shedding or tumor cell death, where they may serve as markers of residual 
or recurrent disease, or aid in the assessment of response to therapy. 

Although CEA and AFP will be covered in detail in other chapters, they 
are the prototypical seroassays for tumor-associated antigens; therefore a few 
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salient points relating to monoclonal antibody technology will be discussed 
below. 

2.1.1 Alpha,-Fetoprotein (AFP) 

AFP is an important marker for the detection and monitoring of primary hepa
tocellular carcinoma (HCC) and germ cell tumors. In the past its use, particular
ly in populations at high risk for HCC, has been plagued by cross-reactivity 
of conventional polyclonal antisera with degradation products of albumin. BEL
LET et al. (1984) produced 2 high affinity Mabs to different epitopes on the 
AFP molecule that are not shared with albumin, and used these Mabs in a 
double determinant RIA on a very large series of sera. This impressive study 
showed that 80% of patients with hepatitis B antigen-positive (HBsAg) HCC 
had strikingly high levels of AFP, > 200 ng/ml, while all normal donors, and 
99% of disease controls had AFP levels of less than 20 ng/ml. These encouraging 
results are substantially different from those seen with conventional polyclonal 
antisera, in which 31-40% of patients with hepatitis and 8-33% of patients 
with cirrhosis show elevated levels of AFP. The ability of the Mabs to specifically 
detect AFP-specific, and possibly tumor-associated, epitopes therefore appears 
to have greatly enhanced the potential of this assay for screening for AFP
producing tumors. The Mabs themselves may be potential candidates for immu
notherapy regimens. 

2.1.2 Carcinoembryonic Antigen (CEA) 

Several studies have shown the advantage of panels of anti-CEA Mabs directed 
against CEA-specific epitopes. One of the major drawbacks of the use of anti
CEA Mabs in immunodiagnosis, monitoring and therapy has been their cross
reactivity with several normal adult tissues, particularly polymorphonuclear 
leukocytes (PMN). Since "CEA" appears to be a family of isoantigens with 
differing properties, investigators have attempted to improve the discrimination 
of their Mabs by developing sets or series of Mabs detecting different epitopes 
ofCEA (PRIMUS et al. 1983; HERLYN et al. 1983). One series of Mabs, COL 1-15 
(MURARO et al. 1985), selected early in the screening process for lack of reactivity 
to PMN, react with at least five epitopes on the CEA molecule and are highly 
selective for reactivity to colon carcinomas compared to normal tissues, other 
carcinomas and benign gastrointestinal disease. The use of such improved Mabs 
may thus enhance both the sensitivity and the specificity of seroassays for CEA 
and other T AAs. 

2.1.3 Mab 19-9 

Mab 19-9 is directed against the sialylated Lewis a antigen, also called GICA, 
a large mucin-containing antigen found in many gastrointestinal cancers. In 
a longitudinal study of 100 colorectal cancer patients by serum RIA, persistent 
or rising antigen levels preceded recurrence of their disease by 3 to 18 months 
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(SEARS et al. 1982). Elevated levels of Mab 19-9 were also found to be associated 
with pancreatic, gastric and hepatic carcinomas (79%, 57% and 49% positive, 
respectively), but not with benign lesions (3%) or healthy individuals (0.5%) 
(MAGNANI et al. 1983). The correlation between elevated levels and disease states 
indicates that Mab 19-9 will be useful for the serum monitoring of tumor burden 
in gastrointestinal cancer patients. The inability of this Mab (like others) to 
detect all cases of known disease indicates that it may benefit from being in
cluded in a panel of Mabs to T AA known to be expressed on such tumors. 
A new Mab, C029.11 , isolated by the same workers (HERLYN et al. 1985), detects 
a different epitope on the same antigen as 19-9. A large prospective study is 
now underway using a panel of Mabs to detect the 19-9, C029.11 , LNFIII 
and CEA antigens in serum. 

2.1.4 Mab OC125 

A highly useful new Mab is OC125, which reacts with a glycoprotein antigen 
(CA125) found in most nonmucinous epithelial ovarian tumors. Several large 
studies have shown elevated levels of this antigen by RIA and ELISA in the 
serum of 85-96% of ovarian cancer patients, but only 1-7% of healthy controls 
(BAST et al. 1983). In two separate studies, CA125 levels were found to correlate 
well with progression or regression of ovarian cancer (42/45 patients (BAST et al. 
1983) and 18/20 patients (RICOLLEAU et al. 1984». Unfortunately, many patients 
with benign diseases also may show elevated levels of CA125; in one study, 
24% of patients with benign pancreatic, biliary or hepatocellular disease had 
such levels (HAGLUND 1986). Finally, although pancreatic, colon and breast 
carcinomas have also been shown to shed CA125 antigen into serum (BAST 
et al. 1983), the CA125 assay appears to be of limited diagnostic or prognostic 
importance in such cases. 

2.1.5 Other Anti-TAA Monoclonal Antibodies 

Several other antitumor Mabs, although less extensively tested, also appear 
to have potential clinical application. The DU-PAN-2 Mab reacts to a large 
mucin-like molecule distinct from the 19-9 antigen. Elevated levels of the DU
PAN-2 antigen have been demonstrated in 89% of patients with pancreatic 
cancer (METZGAR et al. 1984). The DF3 Mab has detected elevated antigen levels 
in 76% of patients with metastatic breast cancer compared to 8% of normal 
controls (HAYES et al. 1985). 

The B72.3 Mab detects yet another large, mucin-like molecule, designated 
TAG-72; TAG-72 antigen expression appears to be widespread in carcinomas. 
In a pilot study, elevated levels of TAG-72 were found in sera from some 
ovarian, advanced colorectal, pancreatic and lung carcinoma patients (PATERSON 
et al. 1986). T AG-72 was elevated in only 35% of these patients, perhaps indicat
ing the existence of TAG-72-positive and -negative subpopulations of these 
tumors. Interestingly, although B72.3 was raised against a breast carcinoma 
and reacts with 50% of breast cancer tissues (NUT! et al. 1982), no shed TAG-



8 G.L. WRIGHT JR. and A.D. Cox 

72 antigen could be detected in sera of breast cancer patients in the study cited 
above. The results of this study therefore emphasize once again the need to 
anticipate antigenic heterogeneity within and among tumor types. 

2.2 Cytology of Body Fluids 

2.2.1 Flow Cytometry 

Patients with residual or recurrent bladder carcinoma shed malignant transition
al epithelial cells (TCC) into their urine. DNA flow cytometry (FCM) can detect 
aneuploid (tumor) populations, but will give a falsely low value in low grade 
malignancies, which have a near diploid DNA content, or if a large number 
of inflammatory cells is present. In patients with cystitis, or after BCG treatment 
for TCC, the presence of inflammatory cells in the urine poses a serious obstacle 
to the accurate differential diagnosis of TCC. ALEXANDER et al. (1986) have 
used TCC-directed Mabs in indirect IF procedures and FCM to selectively 
stain TCC cells, but not inflammatory cells, collected from voided urine or 
bladder washings. The TAA-positive TCC cells could then be sorted for further 
purification and study. These investigators found that the immunoselection pro
cess improved the sensitivity of TCC detection, and also that the use of TCC
directed Mabs represents an improvement over tissue-specific markers such as 
cytokeratin and HMFG/EMA (ALEXANDER, personal communication). 

Flow cytometric techniques are also highly useful for the subclassification 
of leukemic phenotypes according to the expression of CALLA and other tumor 
markers, and have been of major importance in determining prognosis and 
appropriate treatment strategies for leukemic patients (reviewed in BERNARD 
et al. 1984). 

2.2.2 Immunocytochemistry 

Malignant cells in serous effusions of pleura, pericardium and peritoneum are 
often exceptionally difficult to differentiate from reactive mesothelial cells; once 
identified, the source of the malignancy may remain obscure. The ability of 
Mabs to detect even a single cell expressing Mab-defined markers offers the 
possibility of improving the detection and classification of these cells. For exam
ple, the F36/22 Mab has been used to detect malignant adenocarcinoma, but 
not reactive mesothelial cells, in ascites from ovarian adenocarcinoma patients 
(CROGHAN et al. 1984). Additionally, a pool of breast cancer Mabs could distin
guish breast, ovarian and lung carcinoma cells from reactive mesothelial cells 
in an IF assay (TAGLIABUE et al. 1986). 

Despite the growing number of cases of malignant mesothelioma, there is 
currently no positive Mab marker available for this disease, and the best method 
for its diagnosis is controversial (reviewed in SHEIBANI et al. 1986). The immuno
logical diagnosis of such tumors now largely rests on their failure to react 
with Mabs directed against lung, breast, ovarian or other carcinomas. The B72.3 
(SZPAK et al. 1986) and HMFG Mabs (WRIGHT, unpublished observations) seem 
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especially suited.for this purpose. Again, because none of the Mabs react with 
100% of carcinomas, the use of a panel of Mabs has the potential to improve 
the sensitivity of discrimination. Such Mabs might also be used for the immuno
cytochemical differential diagnosis of cells in sputum. 

2.2.3 Immunohistopathology 

Severe morphological distortions can make interpretation of fine needle aspira
tion biopsy material difficult. The use of Mabs such as B72.3 have been shown 
to be of value in distinguishing between adenocarcinomas and benign lesions 
of breast, lung and pancreas (JOHNSTON et al. 1986). It is probable that the 
application of other TAA-directed Mabs will have similar potential to improve 
the accuracy of diagnoses based on fine needle aspiration biopsy material. 

The most prominent use of Mabs to tumor markers today lies in the immuno
histopathological detection of malignant cells in tissue sections. Recent reviews 
have described the use of Mabs to tumor markers for this purpose (BOROWITZ 
and STEIN 1984; WRIGHT 1984), and several of the chapters in this volume 
describe current work with both monoclonal and polyclonal antibodies in detail. 
The brief discussion below describes the use of Mabs in prostate cancer to 
exemplify 1) turning cross-reacting epitopes to advantage and 2) the use of a 
panel of Mabs to improve the detection of malignant cells in tissue sections. 

WAHAB and WRIGHT (1985) have shown that the Leu-7 marker, although 
directed against natural killer cells, also reacts with an antigen present on cells 
of normal, benign and malignant prostate origin. Unlike other organ-specific 
markers such as prostate-specific antigen, the Leu-7 marker was not lost on 
any of the metastatic tumors examined. Therefore, anti-Leu 7 may be useful 
in the diagnosis and prognosis of prostate cancer. 

Since no tumor-selective anti-prostate Mabs are available, the routine immu
nohistochemical diagnosis of prostate cancer currently relies on reactivity with 
the organ-specific prostate markers prostatic acid phosphatase (PAP) and pros
tate-specific antigen (PA). However, not all tumors express these antigens, par
ticularly poorly differentiated tumors, and heterogeneity of staining is observed. 
WAHAB (1985) examined a series of normal prostate, benign prostatic hyperpla
sia and primary and metastatic prostatic carcinomas, using a panel of 7 anti
prostate Mabs in IP studies on formalin-fixed, paraffin embedded tissues. The 
panel included PAP, PA, CEA, NCA, Leu-7, and two new anti-prostate Mabs 
designated TURP-27 and TURP-73 (STARLING et al. 1986). No single Mab in 
the panel could detect all cases of prostate carcinoma; however, the collective 
use of TURP-27, Leu-7, anti-PAP and anti-PA permitted the correct identifica
tion of all specimens. 

2.3 Radioimmunodetection (RID) of Cancer 

The creation of site-specific radiopharmaceutical probes by coupling antibodies 
to radionuclides has the potential to improve the diagnostic capabilities of con
ventional imaging techniques in the detection of very small tumors, in determin-
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ing the tissue origin of a mass, or in distinguishing tumor recurrence from 
post-operative changes. Further, there is the very real possibility of individually 
tailoring immunotherapy regimens, by using the same Mab to track a tumor 
and to treat it (see Sect. 3.2.3). 

It has been clearly established that Mabs detecting human tumor markers 
can specifically localize in human tumor xenografts in model systems. Mabs 
to tumor markers found in carcinomas of the breast, colon and rectum, lung 
and ovary, as well as melanoma and osteogenic sarcoma have been intensively 
investigated and some have now gone on to clinical trials. Considerable clinical 
experience has been gained with Mabs HMFG-2, 791T/36, B72.3, 19-9, Co117-
1A (specificities given elsewhere in text), T-101 (anti-T cell), and several anti
CEA and anti-melanoma Mabs (for review, see PRIMUS et al. 1984; LARSON 
1985; BALDWIN and BYERS 1985). 

In the few short years since MACH et al. (1981) successfully detected colorec
tal cancer sites in patients scanned with 1311-anti-CEA Mabs, understanding 
of the complex interactions between Mab, antigen, tumor, host and imaging 
technology necessary to produce useful tumor imaging in vivo has advanced 
tremendously. As an example of the complexity involved, a recent multicenter 
study used F(ab'h fragments of the anti-melanoma Mab 225.28S in RID of 
254 patients. These investigators confirmed the influence of tumor size, site, 
blood flow and antigen density, and route of Mab injection, and also demon
strated effects of the isotope (99m Tc vs. 111 In) and the clinical stage of the 
patients on the results of the scans (SICCARDI et al. 1986). This study also pro
vides a typical illustration of both the power and the problems associated with 
the use of RID: occult lesions were visualized in many patients, and most of 
these were confirmed to be melanoma by other means; however, nonspecific 
radioactivity accumulated in bone marrow, spleen, liver and kidneys, in some 
cases limiting the detection of tumor sites. 

Some problems which have yet to be satisfactorily resolved are 1) high blood 
background, 2) nonspecific uptake in normal organs, 3) low absolute levels of 
labeled Mab in the tumor, and 4) the fact that not all antigen-positive tumors 
can be imaged by a given Mab directed to that antigen. Solving the first two 
problems is probably a matter of technical improvements, for example the use 
of second antibody clearance (SHARKEY et al. 1984) to reduce blood background. 
There is not enough data at present to say whether the third problem reflects 
a true physiological limit. Unfortunately, the last problem has serious clinical 
consequences, implying that each patient must be tested individually, and should 
temper enthusiasm with the realization that not every patient will be able to 
be imaged and/or treated with any Mab directed against antigen(s) found on 
his or her tumor. 

In a similar vein, various investigators using different systems regularly disag
ree about whether the optimal isotope to use is ll1ln, 1311,.1251, 1231 or 99mTc• 

The failure to agree on a single isotope is a reflection of the cardinal rule 
in RID: each Mab and tumor system configuration must be individually opti
mized. 

In an exciting recent advance in instrumentation, the advent of a hand-held 
gamma probe has now made it possible to detect tumor cells intraoperatively, 
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for example in the selective detection of 125I-C017-1A in subclinical tumor 
masses compared to surrounding normal tissues (MARTIN et al. 1986). 

In an exciting advance in Mab and labeling technology, bifunctional Mabs 
have been generated which have one combining site specific for antigen and 
the other site specific for hapten. GOODWIN et al. (1986) have used such a bifunc
tional antibody to label Mab in vivo. By separately administering Mab and 
isotope, this new technique has the potential to decrease blood background 
and to allow the use of short-lived radionuclides such as 99m Tc to be used 
with Mabs which take 24-96 hours or more to localize at the tumor site. 

3 Immunotherapeutic Applications 

One of the most difficult problems in conventional cancer therapy is how to 
eradicate malignant cells while sparing normal ones. The advent of highly specif
ic monoclonal antibodies has brought with it the possibility of greatly improving 
the selective targeting of cytotoxic agents to cancer cells, and thus decreasing 
their systemic toxicity. Some of the issues in Mab-based immunotherapy which 
must be addressed are: Mab specificity, cross-reactivity, and immunogenicity; 
antigenic heterogeneity; target cell access; conjugate stability; delivery of the 
toxic effector(s) within appropriate range of the target, and the susceptibility 
of the target to cytolysis by the effector. 

3.1 Cytotoxic Mabs 

Many Mabs have the ability to kill targets expressing their antigen in vivo, 
either directly or by the activation of host effector mechanisms. In clinical 
trials, regression of metastatic malignant melanoma lesions were observed in 
4 of 21 patients following therapy with a complement-fixing IgG3 Mab, R 24, 
which recognizes the GD3 ganglioside antigen (HOUGHTON 1986). Inflammation 
and complement deposition at tumor sites were seen (HOUGHTON et al. 1985). 
The R24 Mab also activates human effector cells, i.e. is active in antibody
dependent cell-mediated cytotoxicity (ADCC) and binds to a subpopulation of 
T8+ lymphocytes (HERSEY et al. 1986). The cytodestruction of tumors in vivo 
by this Mab appears to result from all these activities, and might be enhanced 
by the addition of a second antibody directed at a distinct epitope on the 
same (GD3) or a closely related (GD2) antigen (HELLSTROM et al. 1983); such 
studies are underway. 

Murine IgG3 and IgG2a Mabs are particularly efficient activators of ADCC 
(HERLYN et aI. 1985). An IgG2a Mab, C017-1A, directed against gastrointestinal 
adenocarcinomas, has been shown to mediate ADCC in vitro and in vivo by 
the activation of mouse/human monocytes and killer cells (HERLYN and Ko
PROWSKI 1981). Mab 17-1A has now been used in several early clinical trials 
(for review, see STEPLEWSKI 1986), and some patients have shown objective 
responses to treatment. WEINER et al. (1986) are currently pretreating colorectal 
and pancreatic carcinoma patients with gamma interferon, in an attempt to 
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increase Fc receptor expression on peripheral blood monocytes and thereby 
potentiate the anti-tumor ADCC activity of Mab 17-1A. 

These early clinical trials have clearly shown that, 1) while the administration 
of a single dose of murine Mab is safe, a significant fraction of patients develop 
human anti.amurine antibodies (HAMA); 2) HAMA may be directed against 
the murine Fc portion, in which case chimeric or human Mabs would decrease 
the incidence of HAMA, or against the antigen-binding site (idiotype); 
3) HAMA have the potential to cause severe allergic reactions, but some, 
especially anti-idiotypic antibodies, may bode well for the patient by mimicking 
the tumor antigen and provoking a beneficial immune response to the tumor 
(HERLYN et al. 1986); 4) only a very small percentage of administered Mab 
actually localizes to tumor deposits; 5) the number of binding sites on the tumor 
occupied by Mab correlates with the effectiveness of Mab-mediated tumor de
struction; 6) at least partly due to poor Mab binding and to antigenic hetero
geneity, the degree of tumor burden in these patients precludes the possibility 
of eradication of the tumor by Mab-based immunotherapy, and 7) it therefore 
seems unlikely that unmodified Mab alone will be successful in immunotherapy. 
When preliminary trials to establish the performance parameters of Mab alone 
are farther along, further trials incorporating Mab-based immunotherapy as 
part of a multimodality treatment regimen would seem to be in order, especially 
in patients with minimal residual disease. 

3.2 Mab Conjugates 

Most current immunotherapeutic strategies use Mabs as tumor targeters (war
head) only, letting the Mabs deliver other effectors (missiles) to the site of 
action. Most effectors now in use are drugs, toxins or radionuc1ides. 

3.2.1 Mab-Toxin Conjugates 

The use of toxins has proven to be very difficult to translate from theory into 
practice. Mabs conjugated with intact ricin and the subunit ricin A-chain are 
being intensively investigated, and have been shown to be active both in vitro 
and in animal models. However, at present their in vivo clinical use does not 
yet appear promising. Intact ricin-Mab conjugates are highly toxic to normal 
cells and there are problems with the in vivo stability and delivery into target 
cells of ricin-A chain-Mab conjugates. In contrast, the ex vivo use of immuno
toxins for cleansing the bone marrow of tumor cells prior to autologous grafting 
or of mature T cells prior to allogeneic grafting seems very promising indeed 
(SAARINEN et al. 1985). 

3.2.2 Mab-Drug Conjugates 

Many biologically active Mab-drug conjugates have been prepared, most nota
bly with adriamycin, daunomycin, vindesine (VDS) and methotrexate (MTX), 
and these have been analyzed both in vitro and in vivo in nude mouse xenograft 
model systems. The anti-osteogenic sarcoma Mab 791 T /36 has been extensively 
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tested with different agents and shows great promise in model systems (EMBLE
TON et al. 1984). VDS conjugates with 791T/36, antimelanoma Mab 96.5 and 
anti-CEA 11.285.14 and 14.95.55 Mabs (ROWLAND et al. 1985), as well as MTX 
conjugated to an anti-prostatic acid phosphatase Mab (DEGUCHI et al. 1986), 
have been able to retard or suppress growth of the appropriate tumor xenografts. 
In the VDS conjugate study above, effective doses of free drug were highly 
toxic, whereas conjugation with Mab decreased drug toxicity but not effective
ness. The MTX conjugate study was hampered by conjugate uptake in normal 
liver and spleen. The results of these studies and others emphasize that: 1) de
livery of drug into the target cell is crucial for most current anti-cancer drugs, 
but most Mabs bind to stable (non-internalized) surface antigens; 2) drug conju
gates require very high levels of antigen binding to produce cytotoxic effects; 
3) such high levels may often not be achievable due to differences in antigen 
expression; 4) preferential targeting of drug to tumor by specific Mab does 
not prevent conjugate uptake in normal organs and tissues; 5) antigenic hetero
geneity will continue to pose a problem for tumor eradication, since only cells 
binding drug conjugates will be killed; and 6) drug resistant populations intro
duce another form of" antigenic" heterogeneity which must be dealt with. Nev
ertheless, many of these problems appear amenable to solution, perhaps with 
novel techniques such as hybrid Mab-toxin conjugates and drug potentiation 
(WEBB et al. 1986). 

3.2.3 Mab-Radionuclide Conjugates 

Mab-radionuclide conjugates currently appear to have the most immediate im
munotherapeutic application. The ability to deliver cytotoxic doses of radiation 
to cells without entering (internalizing) or even binding to them, i.e. the ability 
to produce radiocytotoxicity over several cell diameters, suggests that Mab
radionuclide conjugates may prove to be capable of dealing with antigenic heter
ogeneity. (Of course, it also suggests that non-specific uptake will be a critical 
limiting factor for this modality, as it is for RID, see Sect. 2.3.) Further, the 
prospects for using RID with the same Mab to determine 1) prior to therapy, 
the biodistribution of labeled Mab in that particular patient, and 2) post-thera
py, the tumor response, suggest that radioimmunotherapy may be more amen
able to individualization than other forms of treatment. 

While tumor xenografts have been completely eradicated with radioimmun
otherapy (CHEUNG et al. 1986; LANGE et al. 1985), it is too early to properly 
evaluate clinical trials of Mab-radionuclide conjugates, as these have been con
ducted on only a small number of patients to date. Nevertheless, the results 
are encouraging, as objective responses have been seen in melanoma patients 
treated with 131I-anti-p97 Mabs (CARRASQUILLO et al. 1984) and in lung, ovarian 
and breast cancer patients with effusions treated with 131I-HMFG2 Mab (PEC
TASIDES et al. 1986), for example. Intracavitary Mab administration in the latter 
group of patients was not associated with toxicity, in contrast to bone marrow 
toxicity reported by the former group following intravenous administration of 
labeled Mab. 
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Table 1. Possible solutions to current problems with monoclonal antibody therapy 

Problem 

Tumor heterogeneity 

Antigenic modulation 

Human anti-mouse 
antibodies (HAMA) 

Blocking antigen 

Unmodified monoclonal 
antibody lacks cytotoxicity 

Nonspecific monoclonal 
antibody uptake 

Possible solution 

1. Use a mixture of monoclonal antibodies reacting to 
different antigens or epitopes. 

2. Use monoclonal antibodies conjugated to radio nuclides 
that emit radiation beyond a single cell. 

1. Use monoclonal antibodies reacting to stable 
membrane antigens. 

2. Use a mixture of monoclonal antibodies reacting 
to different antigens or epitopes. 

1. Induce tolerance with large doses of monoclonal antibody. 
2. Prevent development of HAMA' by use of human 

or chimeric human/mouse antibodies. 
3. Remove HAMA with plasmapheresis and immunoabsorption. 

1. Remove TAA and TAA-antibody complexes by 
plasmapheresis and immunoabsorption. 

1. Use of monoclonal antibodies conjugated 
to radionuclides, drugs, enzymes, or toxins. 

2. Class switch the monoclonal antibody to IgG2a or IgG3 . 

3. Make a chimera with an appropriate Fc region. 
4. Make heterobifunctional monoclonal antibodies with 

cytotoxic properties and original antigen binding site. 

1. Block with cold monoclonal antibody. 

Extensive experience with 131I-anti-ferritin polyclonal antibodies has shown 
dramatic clinical responses in 40-50% of patients with hepatoma and ferritin
positive Hodgkin's disease (ORDER 1985). Interestingly, these workers found 
monoclonal anti-ferritin to lack efficacy in their hands, due to dehalogenation 
of antibody. In this regard, beta-emitters such as gOy are being actively investi
gated, as they bind stably, can be administered on an outpatient basis, and 
are expected to reduce systemic toxicity. 

Problem areas to be addressed and prospects for radioimmunotherapy have 
recently been discussed (COBB and HUMM 1986; EPENETOS et al. 1986). Possible 
approaches to improving current techniques in Mab-based immunotherapy in 
general, directed at specific problems encountered today are listed in Table 1. 
It will be noted that many of these approaches are currently under investigation, 
while others are impractical at the moment, given the current state-of-the-art. 

4 Conclusions and Outlook 

The increased sensitivity, specificity, and reliable, homogeneous binding proper
ties of monoclonal antibodies have contributed to great improvements in many 
conventional, polyclonal antibody-based diagnostic techniques. In addition, the 
ability of Mabs to detect a single epitope on complex molecules has allowed 
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the detection and characterization of many new and useful tumor markers which 
have served to define, track and manipulate tumor cells. There is every reason 
to expect that, with a better understanding of the mechanisms of growth, differ
entiation and carcinogenesis, a new generation of Mabs defining more accurate 
tumor markers will become available. Meanwhile, heterogeneity in the expres
sion of many of the presently defined tumor markers remains a difficult problem 
to overcome, but the use of panels of Mabs of differing specificity is a promising 
approach. 

In the near future, the ability to manipulate Mab structure in the production 
of bifunctional Mabs may allow the generation of families of" all-purpose rea
gent" Mabs in which the antigenic specificity of the Mab remains the same, 
but different reagents are linked to it for use in different techniques or to 
create an additive effect. Examples might include a radio nuclide for in vivo 
diagnosis and an enzyme with a colored substrate for in vitro (IP) diagnosis; 
or, in a form of "multimodality" immunotherapy, the same Mab could carry 
both drug and toxin to the cell. 

Advances in gene cloning and transfer techniques have already allowed the 
production of chimeric antibodies, and promise to lead to increasingly engin
eered forms of Mab reagents. Within the constraints of gene expression, protein 
folding and antigenic specificity, it should be possible to create sets of Mab 
probes with differing specificity and function. These statements are made with 
the caveat that it is important to temper one's expectations, in order to avoid 
the roller coaster of too-high expectations followed by deep disappointments 
that has long plagued tumor immunology. The roller coaster effect results from 
the overly optimistic belief that all things theoretically possible are in fact practi
cally possible, and has proved difficult to resist in the past. 

Nevertheless, despite these caveats and the known limitations of today's 
Mabs, monoclonal antibodies to tumor antigens have opened up new vistas; 
in all probability new uses for them have yet to be discovered. 
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1 Introduction 

Development of biochemical markers for human cancer in recent years that 
have been shown to be of some clinical value in management of patients will 
be presented. Previous approaches of using conventional immunochemical tech
niques to the measurement of target markers still dominate the area of laborato
ry investigation and clinical application. However, in addition to radioimmuno
assay and enzyme linked immunosorbent techniques, immunohistochemistry, 
flow cytometry and new molecular biology procedures are increasingly being 
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utilized. Also, tissue and body fluid other than serum are acquired as the speci
mens for measurement of these markers. 

Tumor markers are ideally to be as the indicator for the presence of preneo
plastic and neoplastic diseases. Cancer is described as a disorder of cell prolifera
tion. Neoplastic cells basically are different from their normal counterparts 
in its failure to respond to growth control. At the present stage of development 
no qualitative tumor markers, so called tumor-specific markers, have been iden
tified. Rather, quantitative difference between normal and neoplastic cells is 
used as the index. 

Almost without exception, monoclonal antibody is the choice of reagent 
in immunochemical techniques, although it should be kept in mind that poly
clonal antiserum reagent of proved value and quality can be equally effective. 
Typical advantages of monoclonal antibody are standardization of test reagent 
and consistency of quality control. At present no marker for general screening 
of cancer is yet in existence. Most of the clinical utilizations are in patient 
management of post-diagnosis, with a few that are potentially applicable in 
early detection of cancer for high risk population. During recent years, with 
the use of monoclonal antibodies, many new tumor markers have also been 
recognized, characterized and evaluated for clinical applications. 

This chapter aims primarily to discuss and emphasize recent development 
of tumor markers in in vitro clinical applications. 

2 Tumor Associated Antigens 

2.1 Carcinoembryonic Antigen 

Although carcinoembryonic antigen (CEA) was first reported more than twenty 
years ago (GOLD and FREEDMAN 1965), it is still the most extensively investigated 
tumor marker with the largest number of publications. Recent review articles 
are readily available (ROGER 1983; STEELE and ZAMCHECK 1985; BEARD and 
HASKELL 1986; FLETCHER 1986), only a few recent aspects will be discussed. 

Complete chemical structure of CEA is still unknown. Using conventional biochemical and 
chemical techniques, CEA molecule has been characterized partially. Elucidation of the total amino 
acid sequence of the peptide portion has been tried but to no avail. Modem techniques of molecular 
biology to sequence the nucleotides encoded for the amino acids would be a more effective approach. 
The microheterogeneity in carbohydrate portion of the molecule still would be a formidable problem. 
A recent interesting piece of information regarding the molecular structure of CEA is that CEA 
is composed of two identical subunits (LISOWSKA et al. 1983). Using sodium dodecyl sulfate-polyacryl
amide gel electrophoresis and cross-linking experiments, CEA has been shown to be a dimer consisting 
of two identical or closely similar non-covalently bound subunits. CEA is dissociated upon heating 
in the presence of sodium dodecyl sulfate, and the dissociation is reversible upon the removal of 
the detergent. Subunits of CEA are not linked by way of the disulfide bonds, but rather by the 
hydrophobic interactions between the subunits and among peptide chains. 

Should this result be confirmed it may simplify the work on characterization 
of the entire CEA molecular structure. In spite of the extensive clinical evalua
tion of CEA, biological function, if any, of CEA still remains totally unknown. 
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More than twenty years since CEA was first reported, clinical usefulness and limitation of CEA 
have been mostly assessed with very few outstanding clinical issues. The role of CEA in second-look 
surgery is one that awaits definitive information. Although information is available concerning this 
critical subject, with some describing favorable data and some expressing reservation; none has 
been really systematically and statistically analyzed. One report describing an extensive investigation 
just became available recently (MINTON et al. 1985). This study was initiated by the Society of 
Surgical Oncology in 1978. It involved 400 patients in a nonrandomized prospective study to evaluate 
the usefulness of CEA as an indicator of recurrent colon and rectum cancer, as conducted by 37 surgi
cal oncologists in 31 institutes across the USA. Patients were evaluated post-operatively with custom
ary follow-up procedures and serial CEA determinations. During follow-up, 130 patients had recur
rence (21 Dukes' B, 8 B2 , 31 C" 58 C2 and 12 unknown), and 75 were reported on, with 43 reopera
tions were CEA-directed and 32 clinically directed. Two of these 75 patients died within one month 
after the second surgery. Twenty-two second-look patients remained disease-free five years after 
their second operation. The highest resectability of recurrent cancer occurred in patients with a 
CEA level less than 11 ng/ml, in whom the CEA was assayed at intervals of one to two months. 

Four important guidelines for follow-up management were proposed from 
this study. For Dukes' A carcinoma, there may be no justification for a CEA 
follow-up when the tumor is resected, since no patient in this group (a total 
of 17 patients) developed recurrent disease. CEA follow-up is recommended 
for patients with Dukes' stages Bl to C2 patients, since about 25% ofB! (21/91), 
B2 (18/31) and C 1 (31/119) carcinomas and 50% of C2 patients (58/122) devel
oped recurrent disease. CEA determinations should be performed at one- or 
two-month intervals, since this practice offers the best opportunity for early 
discovery of resectable recurrent cancer during the first and second years of 
post-operative follow-up. Reoperation should be performed before the CEA 
exceeds 11 ng/ml, since patients with CEA less than this level have shown the 
greatest resectability rate (63%) and the best five-year disease-free survival re
sults (68%). 

Of interest to note is the observation that there is no significant difference 
in overall cumulative surviving between CEA directed and clinically directed 
second-look surgeries. A previous report has described similar observation re
garding disease-free interval and survival (HINE and DYKES 1984). This may 
be due to the fact that there is still no effective therapy for colon/rectum cancer. 
Therefore, the most effective use of CEA in management of patients will be 
in those where potentially effective therapeutic manipulation is available, such 
as small cell carcinoma of the lung. 

Investigations on other subjects of CEA, such as assays, screening, diagnosis, 
prognosis and monitoring, including that of in vivo radioimmunodetection, have 
provided no dramatically new information in recent years. With the use of 
monoclonal antibodies, at least five different antigenic determinants (epitopes) 
have been identified in CEA molecule (MURARO et al. 1985). Whether these 
CEA-reactive monoclonal antibodies could improve the clinical effectiveness 
of CEA assay remains to be determined. 

A refined CEA assay was reported a few years ago that showed an improve
ment in the specificity of serum CEA for carcinomas (HEDIN et al. 1983). Using 
two monoclonal antibodies specific for two separate CEA epitopes, an enzyme
linked immunosorbent procedure was developed and shown to be quite specific 
in detecting CEA levels in serum specimens from patients with solid tumors. 
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So far, no further reports on a large scale specimens including patients with 
early cancer have been available. 

2.2 Alpha-Fetoprotein 

In comparison with CEA, we know much more about oc-fetoprotein (AFP) 
(HIRAI 1982). The primary structures including the complete sequence of 
590 amino acids of human AFP have been elucidated (MORINAGA et al. 1983; 
SAKAI et al. 1985). Its clinical use in primary hepatocellular carcinoma and 
in testicular tumors of germ-cell origin (along with human chorionic gonadotro
phin) is well known (NORGAARD-PEDERSEN 1979). AFP also is a potential prena
tal diagnostic tool for neural-tube defects. For reasons that are not scientifically 
justified, full diagnostic application of this clinically useful marker unfortunately 
has not been achieved (SELL 1981). 

The most important clinical utilization of biochemical marker for cancer 
is its use as a screening test for cancer, either in general populations or in 
a high risk population. No such marker is yet available. The best candidate 
marker potentially for such a use in fact is AFP. An elevated serum AFP in 
apparently healthy adult (non-pregnant) is the single most discriminating marker 
indicative of cancer (SELL 1981). AFP has been a well known diagnostic marker 
associated with primary hepatocellular carcinoma for over twenty years. Simple 
laboratory tests are available with the use of either polyclonal or monoclonal 
antibody reagent. 

Several studies using AFP as a screening tool for high risk population have been conducted 
in China, Southeast Asia and Africa, where the incidence rate of primary hepatocellular carcinoma 
is highest in the world (SELL 1981). When a tumor marker is used for cancer screening, the factor 
of cancer prevalence as well as specificity and sensitivity of the assay should be considered (WAGENER 
1984). As far as AFP is concerned, infection with hepatitis B virus also needs to be taken into 
account, since highest rates of hepatitis B infection and primary hepatocellular carcinoma are com
monly found in the same populations. Therefore, should an AFP test be of screening value, it 
should be able to discriminate, at least quantitatively, primary hepatocellular carcinoma from patients 
with hepatitis B infection and other non-malignant hepatic diseases, such as cirrhosis. 

In one study conducted in China, where almost a half million asymptomatic individuals were 
screened with AFP test, 57 were identified to have a serum AFP of greater than 500 ng/m!. All 57 
of these apparently healthy individuals were subsequently diagnosed to have liver cancer. In a later 
study involving 115,000 Chinese, the results were not so drastically definitive. Although 20 individuals 
having high AFP levels were identified to have primary hepatocellular carcinoma, another 270 individ
uals had slightly elevated levels of AFP and none was found to have evidence of cancer. It is 
not clear whether these two studies were conducted in the same region or different pocket areas 
where incidence rate of liver cancer could be different. 

As indicated previously, when AFP is used as a screening cancer test, the 
prevalence of cancer is a critical factor. This can be best illustrated by a study 
conducted in Germany, where liver cancer is not common. A highly elevated 
serum AFP level, greater than 2,000 ng/ml, was found in 10 of 18 patients with 
primary hepatocellular carcinoma, who also had cirrhosis of the liver. In addi
tion, among 18 patients with primary hepatocellular carcinoma, 13 were found 
to have an AFP of greater than 400 ng/ml; but also were 14 of the 385 patients 
who had cirrhosis of the liver without liver cancer (AFP ranged 400-2,000 ng/ 
ml) (LEHMANN and WEGENER 1979). 
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In a recent report screening an entirely different population for early detec
tion of primary hepatocellular carcinoma, the results were quite encouraging 
(REYWARD et al. 1985). The subjects of screened population were Alaskan Na
tives who had high rates of primary hepatocellular carcinoma and hepatitis B 
virus infection. In addition to screening, it was also to determine if primary 
hepatocellular carcinoma could be detected at an early stage at the time when 
tumor could be surgically removed. Serum AFP was tested semiannually by 
an ELISA (AUSZYME II) among 1,394 Alaskan Natives who were infected 
with hepatitis B virus tested by an RIA (AUSRIA) for hepatitis B surface anti
gen (RBsAg). A total of 3,387 AFP tests were performed among these natives 
during a 26-month period (1982-1984). Of 126 persons with elevated AFP 
(> 25 ng/ml), nine males were found to have primary hepatocellular carcinoma 
and all had an AFP of > 350 ng/ml. Six of these nine persons were asymptomatic 
and four had small tumors ( < 6 cm) that were surgically resected. 

It is interesting to note that of all 602 HBsAg-positive females, no cases of primary hepatocellular 
carcinoma were found in 107 persons who had at least an elevated AFP test. Most elevations of 
AFP could be attributed to pregnancy. Of the 792 HBsAg-positive males screened, 19 (2.4%) had 
at least an elevation of AFP, and 9 were found to have primary hepatocellular carcinoma with 
6 asymptomatic at the time of the blood test as noted already. Three of these six were detected 
in a prospective manner, i.e. all had normal AFP 6 to 12 months before their first elevation of 
AFP. In all six patients, the AFP level increased very rapidly, doubling every 1 to 3 months. 

This is by far the most well controlled study indicating that AFP can be 
used as a screening test for primary hepatocellular carcinoma in a high risk 
population with hepatitis B virus infection. It also reveals that early stage of 
surgically resectable tumor can be detected by a simple AFP test. 

As illustrated from the reports presented above, should a tumor marker 
be used as an aid for diagnosis of cancer, it should be able to provide a parameter 
to differentiate malignant neoplasm from benign disease, and also to identify 
an early resectable tumor which can be successfully treated. In these respects, 
AFP certainly is a clinically useful diagnostic marker for primary hepatocellular 
carcinoma. 

In addition to primary hepatocellular carcinoma, AFP in combination with 
human chorionic gonadotrophin (RCG) can be used effectively for clinical diag
nosis of testicular tumors of germ cell origin. Circulating AFP and RCG have 
been reported to correlate with histology of testicular tumor. It has been well 
documented that elevated serum AFP is associated with tumors containing endo
dermal sinus, yolk sac elements and RCG with choriocarcinomatous elements 
or syncytial giant cells. In fact, these markers are so well studied that recommen
dations have been made that every patient with a testicular tumor should have 
a preoperative determination of serum AFP and RCG, then at least twice weekly 
in the first six weeks after operation (NORGAARD-PEDERSEN 1979). This also 
may apply when a germ-cell tumor of ovary is suspected. It should be noted, 
though, that combined AFP and RCG tests still would miss a small portion 
of patients with germ cell tumors of the testes. On the patients who were found 
to exhibit measurable and elevated AFP and/or RCG, the levels and rates 
of change of AFP and RCG in the postoperative follow-up, and during and 
after chemotherapy, can provide additional information on the course of disease. 
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Both CEA and AFP are well known biochemical tumor markers and tumor 
associated antigens. The term antigen is more of an operational use than that 
of classical immunological terminology. Since, as far as human hosts are con
cerned, the presence of anti-CEA or anti-AFP antibody has not been unequivo
cally documented. In recent years with the availability of an enormous amount 
of monoclonal antibodies generated, many previously unrecognized tumor asso
ciated antigens and components have been reported. Some of them have been 
used in cancer management especially patient monitoring. Only those that have 
been reported extensively will be presented here. 

2.3 CA 19-9 Antigen 

CA 19-9 is a monoclonal antibody-defined tumor marker representing a carbo
hydrate antigenic determinant of glycoprotein and glycolipid substances (DEL 
VILLANO et al. 1983). Like other tumor associated antigen markers, low concen
tration of CA 19-9 is found in healthy individuals, but frequently increased 
in sera from patients with gastrointestinal adenocarcinomas, especially those 
of the pancreas. Similar to that of CEA, CA 19-9 is detected in fetal, normal 
and neoplastic gastrointestinal tissues. 

Serum CA 19-9 measurement has been shown to be of more clinical value, 
i.e. sensitivity and specificity, than CEA in pancreatic cancer (STEINBERG et al. 
1986). Serum levels ofCA 19-9 also has been reported to assist in the differentia
tion of chronic pancreatitis from pancreas cancer. Although it has been claimed 
that early localized pancreatic adenocarcinoma can be detected by the measure
ment of CA 19-9, this interesting and clinical application remains to be docu
mented with further study (GUPTA et al. 1985). The test kit of CA 19-9 is com
mercially available. So far, no tumor marker has been available that can identify 
patients with early and resectable pancreatic tumor. 

2.4 CA 125 Antigen 

CA 125 is an ovarian cancer associated mucin-like antigen as recognized by 
a murine monoclonal antibody (BAST et al. 1981). Its clinical use in ovarian 
cancer is by a radioimmunoassay test, and the kit is available commercially. 
In the initial clinical report (BAST et al. 1983), only 1 % of apparently healthy 
blood donor controls and 6% of benign disease patients were detected to have 
an elevated serum CA 125 level. Significantly, 82% of patients with ovarian 
cancer exhibited an elevated level, some with extremely high levels. Serum 
CA 125 levels appear to correlate with tumor burden and stages of disease. 
Twenty-nine percent of patients with non-gynecological cancers also exhibited 
an elevated CA 125 level, especially those with pancreatic cancer (59% of 
29 patients). 

Like most other tumor markers, serum CA 125 is more useful in monitoring 
the course of epithelial ovarian cancer. CA 125 has been reported to be effective 
in monitoring the progression or regression of disease in more than 90% of 
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ovarian cancer patients. For common epithelial ovarian cancers, serum CA 125 
has been reported to be the most valuable marker for disease management, 
better than CEA and CA 19-9. As discussed previously, AFP and HCG are 
useful for ovarian germ cell tumor similar to testicular germ cell tumors, while 
choriocarcinoma may be managed by HCG monitoring. 

A murine monoclonal antibody, F36/22, has been shown to identify 100% 
of epithelial ovarian cancers as examined by tissue immunostain techniques 
(CROGHAN et al. 1983). Our unpublished data reveal that more than 95% of 
patients with active epithelial ovarian cancers exhibit an elevated serum F36/22 
antigenic components, while patients without evidence of disease have normal 
range of antigen level. Pregnant women and patients with non-epithelial ovarian 
cancers, benign ovarian and benign gynecological conditions all have normal 
blood levels. Preliminary study involving serial specimens also reveals that F36/ 
22 may be an effective marker for monitoring therapy and recurrent disease 
in epithelial ovarian cancer patients. Neither CA 125 nor F36/22 has been shown 
to be of clinical value for the early detection of common epithelial ovarian 
carcinomas. 

3 Organ-Site and Cell-Type Specific Antigen 

AFP, CEA, CA 19-9 and CA 125 are tumor associated antigens and clinically 
useful in the sense that their quantitative expression is utilized as an aid to 
differentiate neoplastic disease from normal or benign conditions. There is an
other class of substance that is organ-site and cell-type specific and has been 
used effectively as tumor marker. The best example is a human prostate-specific 
antigen, commonly abbreviated as P A or PSA (WANG et al. 1979). In fact, 
PA has been approved by the Food and Drug Administration (USA); the first 
tumor marker to receive such an approval since CEA was approved in the 
early 1970s. 

Unlike most of tumor associated antigens, PA is present at an almost equal 
concentration in normal, benign hypertrophic and cancerous human prostatic 
tissues (WANG et al. 1982). It is not present in other normal or tumor tissues. 
This tissue specificity is confirmed by both biochemical and immunocytochemi
cal techniques, and by both polyclonal and monoclonal antibody reagents. In 
the prostate, PA is located in the ductal epithelial cells and not in other cellular 
components. PA is a glycoprotein of Mr 33,000 with microheterogeneity in 
carbohydrate contents. The complete amino acid sequence of peptide portion 
of PA has been elucidated (WATT et al. 1986). Despite the well-characterized 
physico-chemical properties, the biological function of PAis not known, al
though proteolytic activities have been shown to be associated with PA (BAN 
et al. 1984). Test kits for serum PA assay are available commercially, and that 
manufactured by Hybritech Incorp. has been approved by the FDA for clinical 
use as an aid in management of patients. 

Prostatic acid phosphatase (PAP), a well known tumor marker, has been 
used for over 50 years to assist in diagnosis and monitoring of prostate cancer 
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(GUTMAN and GUTMAN 1938). From data available to date, PA is superior 
to prostatic acid phosphatase; and this is primarily due to the fact that PA 
is absolutely specific for the prostate. Although serum assay of PA alone cannot 
be used for early detection of prostate cancer, because of the PA levels of 
early stage of prostatic cancer patients are often overlapped with those with 
benign prostatic hypertrophy, its role in monitoring therapy and predicting 
recurrent disease has been firmly established. Further, combination assay with 
prostatic acid phosphatase may be of use in early diagnosis of prostate cancer. 

Simultaneous serum assays of PA and PAP have detected more patients 
with prostate cancer than either assay alone (KURIYAMA et al. 1982). Combina
tion assays have revealed a discordance between these two markers, reflecting 
the expression of these two biochemically and immunologically distinct prostate 
glycoproteins may represent different aspects on the biology of prostate cancer. 
Since patients with benign prostatic hypertrophy also exhibited slightly elevated 
levels of both markers, which can be set as the operation cut-off points for 
a combination test and thus decrease the false positive rate. Using this approach, 
data are available supporting that both assays are of additive value and suggest
ing that diagnosis of early stage of prostate cancer is feasible in certain circum
stances. 

Single assay of serum PA alone has been shown to be of prognostic and 
monitoring applications of prostate cancer. Data obtained from large-scale and 
long-term clinical evaluations have been analyzed and reported (KILLIAN et al. 
1985). In patients with regionally confined prostate cancer who had received 
curative therapies, levels of PA are effective in predicting early recurrence of 
disease and are of prognostic value in disease-free survival time, irrespective 
of stage and therapy of patients. A single elevated PA level also has been 
shown to be of predictive value for recurrence of disease. For patients with 
early stages (B2 to Dd of prostate cancer with regionally confined disease, 
an association of increasing serum levels of PA to increasing tumor burden 
and decreasing time to disease recurrence is statistically established. Therapeutic 
manipulation based upon the PA level may improve the patients' survival in 
a prospective manner. 

For patients with advanced prostate cancer who were receiving treatments, 
the levels of serum PA were correspondent with clinical courses of patients. 
Using patient as his own reference, PA levels in general increase as disease 
progresses and decrease as disease regresses. In addition for those patients with 
disease progression, a quantitative and significant association between the risk 
of progression or death and a PA level exceeding a certain elevated value has 
been statistically established (KILLIAN et al. 1985). Thus, the prognostic reliability 
of PA is firmly established. 

Certainly, should a biochemical tumor marker be clinically useful and practi
cally applicable, it should be better than existing assays for management of 
patients. In this respect, PA has been compared with other commonly used 
markers for prostate cancer and shown to be the best marker in its reliability 
for predicting disease progression (KILLIAN et al. 1986). Acid phosphatase, pros
tatic acid phosphatase, total alkaline phosphatase and its bone isoenzyme all 
have been shown previously to be useful in varying degrees for management 
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of prostate cancer (KILLIAN et al. 1981). Comprehensive statistical analyses on 
a large series of patients have revealed that either PA or PAP is of value in 
detection of disease progression in monitoring early stages of prostate cancer. 
Progression of disease in patients with advanced prostatic cancer can be moni
tored reliabily by PA assay alone. 

In summary, as far as serum PA in monitoring of prostate cancer is con
cerned, it is reasonable to state that what CEA can do for colon-rectum cancer, 
PA can do for prostate cancer, and may be better. Practical use of PA as 
an immunohistochemical marker for prostatic neoplasms is detailed in Sect. 8. 

4 Steroid Hormone Receptor 

An important clinical value of biochemical tumor marker is its use in staging 
of disease. Although CEA has been reported to be of some value in staging 
surgically resectable patients in lung cancer (VINCENT et al. 1979), the best 
marker for such a clinical utility is estrogen receptor. The importance of estrogen 
receptor protein (estrophilin) analysis in staging of patients with estrogen-related 
tumors is well known as a guide to therapy and prognosis. Biochemical assays, 
based upon the interaction between a radioactive estrogen ligand and the recep
tor protein at the receptor binding site, are commonly used. It requires sufficient 
amount of fresh tumor tissue and tedious labor-intensive exercise with careful 
quality control to preserve biologically active binding site (WITTLIFF et al. 1982). 
False estrogen receptor-poor results is the most common problem, which often 
deprives a patient from the benefit of hormonal therapy. 

Monoclonal antibodies directed against distinct determinants of human es
trogen receptor protein have been generated (GREENE et al. 1980), and immuno
radiometric or enzyme-linked immunosorbent assays also have been developed 
(GREENE and JENSEN 1982). The estrogen receptor contents measured by mono
clonal antibody-based assay are found to be indistinguishable from those as 
quantified by conventional biochemical technique, such as sucrose gradient ul
tracen trifuga tion. 

A test kit of enzyme immunoassay (EIA) for estrogen receptor measurement 
became available recently commercially (Abbott Laboratories). Two reports 
evaluating this kit presented somewhat different results. In comparison with 
the results obtained from classical dextran-coated charcoal method, high estro
gen receptor levels were detected by the EIA method in one report (RAAM 
and VRABEL 1986). However, another report indicated that the EIA method 
is valid in measuring estrogen receptor contents as compared with those as 
detected by established radioligand-based assays, dextran-coated charcoal and 
hydroxylapatite (HOLT and BOLANOS 1986). Estrogen receptor in breast, ovarian 
and uterine carcinomas can be accurately measured. Regardless of these results, 
at the present stage of development monoclonal antibody-based immunoassays 
will be the method of choice in the foreseeable future. 

This notion has been fortified by most recent reports involving multicenter 
evaluation of ErA method in both Europe and the USA (LECLERCQ et al. 1986; 
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JORDAN et al. 1986). ER-EIA monoclonal immunoassay (Abbott) was evaluated 
in eleven laboratories. Results suggest that the EIA method is comparable in 
measuring estrogen receptor contents with conventional steroid binding assays. 
Routine use of this newly developed immunoassay can be anticipated in the 
not too distant future. 

Theoretically, progesterone receptor can be quantified similarly. As of this 
date, no such test is yet available. 

It cannot be overemphasized the clinical importance of steroid hormone 
receptors. It also should be noted that quality control assurance of the assay 
is of utmost importance in obtaining accurate laboratory results. Proficiency
testing specimens are readily available and should be performed. Availability 
of specific monoclonal antibody for estrogen receptor also provided a useful 
tool for immunocytochemical assessment of tumor tissues (MCCARTY et al. 
1986). Potential clinical significance of this approach is to be discussed later 
in Sect. 8. 

5 Potential Markers for Early Cancer Diagnosis 

5.1 Thyrocalcitonin 

For early detection of cancer, AFP is by far the best candidate as already 
discussed. There is another potential marker which also has been shown to 
be effective, i.e. thyrocalcitonin in medullary thyroid carcinoma (COOPER 1976). 
Calcitonin is a 32 amino acid peptide hormone produced in non-follicular thyr
oidal C-cells. Physiologically it plays an important role in calcium utilization 
and bone resorption. It is a hypocalcemic and hypophosphatemic hormone. 
Data available suggest the presence of a closed-loop feedback system between 
the gut (gastrin) and thyroid (calcitonin) (COOPER 1976), and gastrin-calcitonin 
relationship in controlling the level of calcium during intestinal absorption. 

The application of calcium or more conveniently of gastrin for a provocative 
test in early diagnosis of medullary thyroid carcinoma in high risk family 
members of the patients has been reported. Suspected patients with medullary 
thyroid carcinoma would respond to the injection of the synthetic gastrin ana
logue, pentagastrin, to produce a rapid and highly elevated serum level of calci
tonin. Subclinical or questionable cases of this C-cell tumor have been identified 
by this simple manipulation which involves a provocative test of pentagastrin 
injection and evaluation of blood calcitonin by immunoassay. Pentagastrin injec
tion is more commonly practiced than calcium infusion. Urine calcitonin level 
also has been suggested to be a reliable screening test (SILVA et al. 1979). 

5.2 Fibrinogen Degradation Products 

Detection of urinary fibrinogen degradation products could be a simple and 
potential test for diagnosis of bladder cancer. The association of urinary bladder 
carcinoma and elevation of urinary fibrinogen degradation products has been 
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known for some time (W AJSMAN et al. 1975). Recently, a monoclonal antibody
based enzyme linked immunosorbent assay of fibrinogen degradation products 
was reported (MCCABE et al. 1984). The specificity of the test was reported 
to be 96% with a false-positive rate of 5%. Although these results are not 
acceptable for screening use of urinary bladder cancer, it is a reasonable expecta
tion that a better assay could be developed in the near future. 

It would be worthwhile to make some comments regarding serological use 
of biochemical tumor markers at this point. At the present stage of scientific 
and technical development, the most difficult and yet the most rewarding clinical 
application is cancer screening for general population or asymptomatic subjects 
in high-risk populations. Markers of absolute specificity and sensitivity are re
quired. The former is a dream rather than a goal; the latter is an achievable 
goal, as examplified by AFP for primary hepatocellular carcinoma. More real
istical is the use of biochemical tumor markers in early detection of cancer. 
Since target patients are those already with signs or symptoms suspected or 
suggestive of cancer, the requirement of specificity is differentiation of malignant 
from benign disease, and that of sensitivity is identification of early curable 
lesion from advanced metastatic tumor (HERBERMAN 1982). AFP, HCG, PA 
and calcitonin are potential tumor markers of this category. 

Another two clinical applications of biochemical markers for cancer are 
their use in staging of disease, and monitoring of therapeutic efficacy and disease 
recurrence. Steroid hormone receptors is a good example of the former, and 
many tumor markers, those discussed here and others published, are proved 
parameters for the purposes of the latter. Therefore, at present only biochemical 
markers suitable for these last two clinical applications are mostly in practical 
use. 

6 Enzymes and Isoenzymes 

Enzyme has been traditionally used as a biochemical marker for cancer. Abnor
mality in enzyme activity is a major biochemical characteristic of uncontrolled 
tumor cell growth. This phenomenon has been used as a laboratory parameter 
in differentiation of tumor cell from its normal counterpart, and used as a 
target in developing therapeutic agents against cancer. The use of enzyme as 
tumor marker is based upon the concept that alteration in the gene expression 
during malignant transformation can be detected at the level of end product. 
A qualitative difference in enzyme expression would be an ideal tumor marker. 
No such cancer specific enzyme has been identified and clinically utilized. Enzy
matic inbalance in tumor cells has been used instead for clinical evaluation 
of cancer. 

Biochemical activity of the enzyme is commonly used as a parameter for 
tumor marker. With recent availability of immunologic reagents, mass of en
zyme protein or specific antigenic determinant also has been measured. How
ever, the measurement of an enzyme alone still cannot clinically detect a small 
tumor mass, since the secreted enzyme is vastly diluted or actively metabolized 
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in serum, urine or other extracellular fluids. Despite these inherent problems, 
enzyme and isoenzyme are useful probes as an aid for management of cancer 
patients. Some recent developments using enzymes and isoenzymes as markers 
for diagnosis and treatment monitoring are briefly discussed. 

6.1 Prostatic Acid Phosphatase 

Acid phosphatase of the prostate is the first enzyme marker for cancer. Serum 
acid phosphatase activity by conventional biochemical assays has been used 
for over 50 years as a laboratory aid for metastatic prostate cancer (GUTMAN 
and GUTMAN 1938). Prostatic acid phosphatase (PAP) is one of a few enzyme 
markers exhibiting relative organ and cell-type specificity. Although acid phos
phatase of the prostate is the most well known and investigated enzyme marker 
for cancer, its biology in prostate or prostate cancer remains totally unknown. 
Information available recently has shown that PAP is related to hydrolysis 
of tyrosine-phosphate in phosphoprotein molecules (LI et al. 1984). Its role 
in oncogene and malignant transformation thus has been speculated, since tyro
sinekinase is a well known product of oncogene. 

PAP is biochemically a glycoprotein of 100,000 molecular weight, consisting 
of two dimers and approximately 10% carbohydrate and 90% peptide with 
microheterogeneity (i.e. multiple isoelectric points) (CHU et al. 1982; LIN et al. 
1983a). N-terminal amino acid is lysine and partial sequence is also known 
(LIN et al. 1983 b). Reagents for biochemical and immunological assays are read
ily available from commercial sources. 

It should be noted that PAP is prostate specific rather than prostate-tumor 
specific. Thus, the assay alone is of limited use in distinguishing early prostate 
cancer from benign prostatic hypertrophy, although its clinical utilization can 
be enhanced by other prostate tumor markers. PAP is not suitable as a screening 
modality for prostate cancer. 

Clinically, PAP is useful in identifying metastatic prostate cancer, and in 
monitoring disease status and therapeutic response of prostate cancer (CHU 
et al. 1982). There are some recent well-controlled reports describing the role 
of PAP in monitoring prostate cancer with similar though not identical results. 
One report found that the PAP level in some patients did decrease to normal 
range after successful treatment, but the incidence of decrease in the PAP level 
was less with increasing severity of the disease (COOPER et al. 1983). Seriallongi
tudinal follow-ups of PAP in patients who had been treated with hormonal 
and chemotherapy are available. The results revealed that PAP assay is a valu
able indicator for treatment response and disease progression. One study re
ported that although serum PAP level decreased in patients responding to hor
monal therapy, only in a small number of patients responding to chemotherapy 
did the serum PAP decrease (ZWEIG and IHDE 1985). These data suggest that 
PAP is more senitive in indicating disease progression than disease regression, 
and that PAP assay in general can be considered to be of value in confirming 
clinical assessment of patients (KILLIAN et al. 1986). 
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As discussed already, PAP is a useful tool in detecting disease recurrence 
in patients with early stage of prostate cancer who have received apparently 
curative therapy (KILLIAN et al. 1985). It can be used also as a prognosticator 
for predicting disease-free survival time. Although not as reliable as prostate
specific antigen, PAP still is a reasonably good marker for monitoring disease 
progression in advanced prostate cancer (KILLIAN et al. 1986). Since prostate
specific antigen is relatively new and may not be available readily, PAP then 
will be the choice of biochemical marker. When combined with alkaline phos
phatase and its bone isoenzyme, the clinical effectiveness of PAP can be greatly 
enhanced (KILLIAN et al. 1981). 

6.2 Neuron-Specific Enolase 

Neuron-specific enolase (NSE) is another important enzyme marker of cancer. 
Enolase is a key enzyme involving the synthesis of ATP in glycolysis. Clinical 
significance of NSE is based upon its presence only in the cells associated with 
amine precursor uptake and decarboxylation (APUD) in the neurons of the 
diffuse neuroendocrine system. This unique feature provides the basis for NSE 
to serve as an enzyme marker for tumors of APUD or neuroendocrine origin. 
Highly specific antibody has been used for assay development. It should be 
emphasized also that NSE is not a tumor specific enzyme. 

Small cell carcinoma of the lung was the first tumor shown to be associated 
with elevated NSE level (CARNEY et al. 1982). Even patients with limited dis
ease (40%) exhibited mildly elevated serum NSE levels. NSE level was related 
to extent of disease. Virtually all patients with metastases at 3 or more sites 
were shown to have a highly elevated NSE. Treatment response was shown 
to be effectively monitored by serial NSE measurements in patients receiving 
combination chemotherapy. Furthermore, the source of serum NSE was identi
fied to be originating from patients' tumor cells, as documented from continuous 
cell lines established from patients. These initial data suggest some interesting 
points. A new enzyme tumor marker has been identified. A simple serum NSE 
assay can be used effectively in monitoring clinical status of small cell carcinoma 
of the lung, one of the few cancers that can be treated effectively, and thus 
may contribute to overall survival of these patients. This is one exciting develop
ment in recent years using enzymes as tumor markers. 

Serum NSE also has been shown to be of prognostic value in metastatic 
neuroblastoma. More than 95% of these patients had an elevated NSE. Patients 
exhibiting highly elevated NSE levels (> 100 ng/ml) were generally associated 
with poor prognosis, especially in infants of less than 1 year old at the time 
of diagnosis. 

Serum NSE, when combined with pancreatic polypeptide and HCG, also 
could be useful biochemical marker for determining prognosis and monitoring 
therapy response in pancreatic islet cell tumors and carcinoid tumors of the 
gastrointestinal tract. NSE is usually elevated in nonfunctioning pancreatic islet 
cell tumors, but less frequently in glucagonomas and intestinal islet cell tumors. 
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Additional clinical use ofNSE is its diagnostic application in immunohistopath
ology of these tumors (KLOPPEL et al. 1983). 

6.3 Galactosyltransferase 

During the past ten years, the potential importance of glycosyltransferases in 
cancer has been extensively investigated. Data available indicate that their role 
in tumor metastasis is still largely speculative and that their role as tumor 
markers has been shown to be of some value. Glycosyltransferases are involved 
in the transfer and addition of a specific carbohydrate from a donor to a specific 
protein or glycoprotein acceptor. Galactosyltransferase, sialyltransferase and 
fucosyltransferase are more investigated than others in clinical oncology. These 
three enzymes catalyze the addition of galactose, sialic acid and fucose, respec
tively, to their specific acceptors. 

A variety of cancer patients have been shown to exhibit elevated serum 
total galactosyltransferase activity (SCHWARTZ 1982). Like many other non
specific enzyme markers, more patients with advanced disease have elevated 
value than patients with early staged disease. Its primary use is in monitoring 
and prognosis (DAVEY et al. 1986). Also like other enzymes, serum galactosyl
transferase activity is the sum of many isoenzymes. One isoenzyme, designated 
galactosyltransferase II (GT-II), has been identified to be primarily associated 
with cancer. An initial paper indicated that serum GT-II was elevated in 
85/117 patients with colorectal cancer, 18/23 breast cancer, 13/20 lung cancer, 
15/18 pancreas cancer and 12/16 gastric cancer, along with some patients in 
many other cancers, but no elevation was found in melanoma or osteosarcoma 
(PODOLSKY et al. 1981). 

A prospective study on GT-II isoenzyme involving 270 patients in detecting pancreatic cancer 
and comparing it with other biochemical (CEA, AFP, ferritin, C1q binding and RNAase) and 
physical diagnostic modalities has been reported (PODOLSKY et al. 1981). GT-II isoenzyme was shown 
to be the most sensitive (67%) and specific (98%) for differentiating malignant pancreatic cancer 
from benign disease. GT-II was as sensitive as ultrasound and computerized body tomography 
were, but was less sensitive than endoscopic retrograde cholangiopancreatography. Combining with 
GT-II and radiologic or endoscopic test resulted in greater sensitivity than any single test alone. 
However, combination with other serologic markers indicated above yielded no significant increase 
in detecting pancreatic cancer. In this prospective study, CA 19-9 was not included since it was 
not yet available at that time. Serum RNAase detected only 30% of pancreas cancer and in 14% 
of patients with benign disease. Apparently RNAase was not of any clinical value in pancreatic 
cancer. 

Although a simple ELISA using specific monoclonal antibody to assay GT-II 
isoenzyme has been reported, no further clinical data to support the initial 
promising study on pancreatic cancer were available. It appeared that this mono
clonal antibody-based assay was more useful for ovarian cancer. 

It should be mentioned again at this point that as far as serologic markers 
and pancreatic cancer are concerned, there is no reliable assay available to 
date. CA 19-9, DU PAN-2 (METZGAR et al. 1984), and perhaps GT-II, pancreas 
cancer associated antigen and pancreas specific antigen have been shown to 
be of value in various degrees (LOOR et al. 1984). Biochemical marker for pancre
as cancer represents the most difficult area of diagnostic oncology. 
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6.4 Sialyltransferase 

Serum sialyltransferase activity has been reported to be associated with cancer 
patients for a long time. Although a significant number of cancer patients exhib
ited abnormal sialyltransferase activity, a variety of non-neoplastic and benign 
disorders also were associated with elevated levels (SCHWARTZ 1982). Its clinical 
value is limited, except perhaps in monitoring disease status and therapy re
sponse. 

6.5 Fucosyltransferase 

At least three different fucosyltransferases have been described. Elevated levels 
of fucosyltransferase activity have been reported in patients with solid tumors 
and in AML and non-Hodgkin's lymphoma (SCHWARTZ 1982). An elevated 
enzyme level generally is associated with proliferative and secretory processes 
of both normal and neoplastic cells. Therefore, its clinical value in cancer diagno
sis is extremely limited. 

6.6 Terminal Deoxynucleotidyl Transferase 

Most of the enzyme markers so far discussed are identified with solid tumors, 
very few enzymes have been shown to be associated with nonsolid tumors. 
Among this very small group of enzymes, terminal deoxynucleotidyl transfera
se (TdT) is the most extensively studied and is a potential marker for some 
forms of leukemia (SRIVASTAVA 1982). TdT is a DNA-polymerizing enzyme 
by catalyzing the addition of deoxynucleotide to the 3'-hydroxyl groups of 
a primer polydeoxynucleotide without the requirement of a template polynucleo
tide. TdT was found more than twenty years ago first in calf thymus, and 
reported to be present in ALL cells and T-ALL cells about ten years later. 
Antibody specific for TdT without cross-reactivity with ex, fJ or y DNA polymer
ase is available. Biochemical assay is still widely used as an analytical tool. 

Highly elevated TdT is more commonly found in patients with ALL. Some 
patients with CML, AML and non-Hodgkin's also exhibited an elevated level. 
The enzyme level in lymphocytes from normal peripheral blood generally is 
very low. In CML, TdT positive cells usually increase during lymphoblastic 
crisis. 

Most clinical application of TdT is its use in prognosis for adult patients 
with leukemia. TdT activity is generally correlated with frequency and duration 
of remission, and survival in patients with ALL, ANLL and malignant non
Hodgkin's lymphoma. It is of less value for young patients. Combining with 
different levels of expression by adenosine deaminase, TdT also can be used 
for subclassification of ALL; e.g. T-ALL, TdT positive and high adenosine 
deaminase; non-T and non-B ALL, TdT positive and moderate adenosine deam
inase; B-ALL, TdT negative and low adenosine deaminase (MERTELSMANN 
1982). 
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6.7 Lysozyme 

Lysozyme is another enzyme reported to be of some clinical value in leukemia. 
Lysozyme is found primarily in monocytes and neutrophils. An elevated level 
is commonly associated with granulocyte destruction. Elevated serum lysozyme 
levels are associated with acute granulocytic leukemia, acute myelomonocytic 
leukemia, and AML. Patients with ALL rarely have an elevated level. Therefore, 
an elevated lysozyme can be used to exclude the presence of ALL. Also, serial 
measurement of lysozyme value has been shown to be of value in following 
the disease course and chemotherapy (SCHWARTZ 1982). 

6.8 Other Enzyme and Isoenzyme Markers 

There is an extensive list of other enzymes and isoenzymes that have been 
reported to be associated with cancer and are of some clinical value. Only 
a few more common markers are briefly mentioned. y-Glutamyltranspeptidase 
(y-GTP) is well known in its association with preneoplastic liver and hepatoma 
in experimental animals. y-GTP has been shown in human cancer to be asso
ciated predominantly with secondary hepatic metastasis and can be useful in 
combination with CEA or other assay (CHU and DOUGLASS 1986). Another 
enzyme marker reported to be useful in detecting hepatic metastasis and primary 
hepatocellular carcinoma is 5'-nucleotide phosphodiesterase isoenzyme V (CHU 
1982). It is an exonuclease and different from 5' -nucleotidase. 

Adenosine deaminase, in addition to that already mentioned with TdT, is 
shown to be a biochemical marker for CML, since an elevated level is found 
in almost 90% of patients in the accelerated phase. Thymidine kinase isoenzy
me I is reported to be a valuable marker for identifying sub-group of adult 
non-Hodgkin's lymphoma who respond poorly to therapy and require a new 
therapeutic approach. 

Isoenzymes of alkaline phosphatase have been extensively investigated. Sev
eral isoenzymes have been identified in cancer patients' sera: Nagao isoenzyme 
in ovarian cancer, liver isoenzyme in hepatic metastasis and bone isoenzyme 
in bone metastasis (CHU 1982; KOTTEL and FISHMAN 1982). Most clinical appli
cation is in combination with other markers. The combination ofliver isoenzyme 
with CEA is an economical screen method for liver metastasis. The combination 
of bone isoenzyme with PAP is effective for monitoring advanced prostate can
cer (KILLIAN et al. 1981). 

Aldolase activity was recently shown to be associated with cancer. There 
are two primary aldolase isoenzymes A and B. During the process of malignant 
transformation, the aldolase isoenzyme pattern is changed from B-dominant, 
liver or adult type, to A-dominant, muscle or fetal type. The aldolase B level 
in the serum is known to increase in patients with liver cancer and hepatic 
disease due to its high content in the liver and is released from the damaged 
hepatic tissue (ASAKA and ALPERT 1983). Whether it would be a better parameter 
than existing hepatic markers already discussed remains to be seen. 
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An increase in enzyme activity or protein mass so far has been discussed 
as a parameter for manifestation of cancer. In contrast to all these observations, 
the decrease in an enzyme activity, oc-L-fucosidase, has been reported to be 
associated with some ovarian cancer patients (BARLOW et al. 1981). Tumor bur
den, disease stage, histologic type or grade of differentiation do not appear 
to be correlated with decreased level of enzyme activity. Familial study suggested 
that the deficiency of enzyme may be heritable and may be associated with 
an increased risk of developing ovarian cancer. Further studies certainly are 
needed to confirm this interesting report. 

7 Other Biochemical Markers for Cancer 

7.1 Ferritin 

Ferritin is a well known protein related to iron storage and metabolism, and 
is present abundantly in the liver, spleen and bone marrow. Biochemically it 
exists in isomeric forms and is generally termed as isoferritins. The change 
in isoferritin molecules is associated with embryological development and patho
logical/malignant transformation. A carcinofetal form of ferritin has been identi
fied (ALPERT 1982). 

Serum ferritin is elevated mostly in patients with cancer related to liver 
and bone marrow cells. Highly elevated levels are found in patients with AML 
and other myeloproliferative diseases. Successful chemotherapy results in de
crease of serum ferritin level to normal range, as leukemic cells and Hodgkin's 
lymphomas synthesize ferritin at a faster rate than that of normal lymphocytes. 
Patients with liver carcinoma and with acute or chronic liver inflammation 
all exhibit elevated serum ferritin levels. Ferritin is also elevated in patients 
with teratoblastoma and breast cancer. The major use of serum ferritin level 
is in evaluating prognosis and therapy response. It should also be noted that 
ferritin synthesized by tumor cells is different biochemically and immunologi
cally from that of normal tissues. 

7.2 Polyamines 

The association of polyamines (spermidine, spermine and putrescine) with can
cer was first reported about fifteen years ago (RUSSELL 1982). They have been 
unequivocally established as biochemical markers for normal and malignant 
cell growth. Although recent investigations have concentrated on basic work 
related to pharmacology and biochemistry of tumor cells, their use as biochemi
cal tumor markers should not be overlooked. In fact, data available have shown 
that urinary and plasma levels of spermidine are related to tumor cell loss, 
and that those of putrescine are associated with both the number of tumor 
cells in cell cycle and tumor cell loss. These findings provide the basis for 
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polyamines to serve as effective markers for monitoring cancer patients during 
therapeutic manipulation. Putrescine can also be useful in determining whether 
the chemotherapy affects a subsequent phase of cell proliferation. 

Measurement of polyamines are commonly performed by tedious and labor
intensive high pressure liquid chromatography. That is one major reason why 
these markers have not been routinely used. Since polyamines are relatively 
small molecules in size, reliable and simple immunochemical assays are more 
difficult to establish than other protein tumor markers. 

7.3 Immunoglobulins 

Abnormal immunoglobulins are well-known tumor markers. In fact, Bence 
Jones protein is perhaps the first tumor marker used effectively in clinical diag
nosis of cancer patients (BENCE JONES 1847). The abnormal feature of immuno
globulins have been well known for patients with multiple myeloma and Walden
strom's macroglobulinemia. Monoclonal gammapathies are most commonly ob
served in cancer patients involving plasma cells where a single malignant clone 
of precursor cell outgrow other cells and resulting in the production of a homo
geneous monoclonal immunoglobulin. Biclonal gammapathies are rare but do 
occur. Detection of abnormal serum or urine immunoglobulins can be easily 
accomplished by routine electrophoresis with appropriate and specific antibody 
reagents that are readily available. 

7.4 Peptide Hormones 

Peptide hormones ectopically produced by non-endocrine tumors are well-recog
nized tumor markers. They are produced by tumor cells that are normally 
not regarded as being engaged in the synthesis and secretion of the hormones. 
So far only peptide hormones, their precursors or fragments have been docu
mented. In addition, ectopic production of mUltiple hormones is another com
mon feature. 

The hormones commonly found in ectopic tumor production are adrenocor
ticotrophic hormone and related molecules, parathyroid hormone, gonadotro
phin, growth hormones, prolactin, calcitonin, arginine vasopression, vasoactive 
intestinal peptide, and somatomedin, among others. Production of growth hor
mone-releasing activity or corticotrophin-releasing activity also has been ob
served. Oat cell carcinoma of the lung and carcinoid tumors of the liver, stom
ach, colon and thymus are the most common cancers producing ectopic hor
mones. Their use as biochemical markers in diagnosis, monitoring and localiza
tion to cancer has been reported. Apart from serving as biochemical markers 
which may be a secondary effect, ectopic hormone production by tumor can 
provide clues for investigating biologic significance and pathological implication 
of these tumors (NEVILLE 1982). 
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7.5 Immune Complexes 

Elevated circulating antigen-antibody immune complexes have been used as 
parameters for a wide variety of malignant diseases, from lung, breast, colon
rectum cancer, thyroid cancer, to malignant melanoma, osteosarcoma, and leu
kemia/lymphoma. Unfortunately, a variety of non-malignant disorders also ex
hibit elevated immune complexes. Furthermore, all the assay procedures used 
for detection and measurement of circulating immune complexes are non-specif
ic, thus diminishing the clinical value of immune complexes (CRU et al. 1983; 
SALINAS and HANNA 1985). 

Theoretically the formation of antigen (cancer)-antibody (host) immune 
complexes is a result of the patient's natural immunological defense function. 
Measurement of such parameters should be of great value in clinical oncology, 
provided that antigen-specific assay is available. To this date, no such assay 
or methodology is yet available. Therefore, the isolation and characterization 
of the antigen components of immune complexes should be the focus for cancer 
immunodiagnosis. This information also is critical for the elucidation of immune 
complexes in human pathology and the development of new concepts in patho
genesis of immune complex-associated diseases. 

8 Immunohistochemical Markers 

In addition to serologic assays, biochemical markers can be used in the tissue 
and cell stain for immunopathologic assessment of tumors. Conventional mor
phological examination is enhanced by immunohistochemical stain for markers 
expressed by tumors. Further classification, phenotyping and differential diag
nosis of tumor can be achieved at either light or electron microscopic level. 
Immunoperoxidase stain and immunofluorescence technique are most com
monly used. Techniques and other related subjects are described in detail else
where in this book. A few biochemical markers that have been described already 
in this chapter and shown to be of practical application in tumor pathology 
are discussed. 

One of the best examples in the use of biochemical markers in in vitro 
cell and tissue stain is the localization of estrogen receptor protein in breast 
cancer and other estrogen-sensitive tumors. Estrogen receptor has been tradi
tionally recognized to include two forms, cytosol and nuclear, and that these 
parameters have been used in elucidation of action mechanism of estrogen and 
providing the basis for hormonal therapy (WITTLIFF et al. 1982). 

Using monoclonal antibodies specific for estrogen receptor protein, recent 
reports have indicated that estrogen receptor is exclusively localized in nucleus 
of the cells (KING and GREENE 1984). The presence or absence of nuclear immu
nostain was significantly associated with the cytosol level of estrogen receptor 
as determined by conventional radio ligand binding assay. These results suggest 
that previously observed cytosol and nuclear forms of the estrogen receptor 
may be present only in the nuclear compartment in both steroid-binding and 
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nonbinding forms. Data available also suggest the unoccupied estrogen receptor 
recovered in low salt cytosol preparation from tissue homogenate and deter
mined by steroid binding assay represents the portion of estrogen receptor that 
is loosely bound to nuclear fraction (GREENE and JENSEN 1982). 

The availability of monoclonal antibodies specific for estrogen receptor pro
tein provides another tool for estrogen receptor measurement by simple immu
nohistochemical technique. Comparison of results obtained from immunohisto
chemical assay for estrogen receptor in breast tumors with those of traditional 
steroid-binding assay has resulted in highest degree of correlation (KING et al. 
1985). A clear and significant association was shown between the presence or 
absence of nuclear staining for estrogen receptor and the level of cytosolic 
receptor measured in tumor extracts. All tumor specimens with estrogen-recep
tor negative immunostain were found to have insignificant levels of cytosolic 
estrogen receptor. Of clinical interest is that those tumors expressing none to 
minimum levels (0 to 636 fmol/g) of cytosolic estrogen receptor indeed contain 
decreased degree of immunostaining in both the cellularity and the percentage 
of stained tumor cells. These were the tumors from those patients generally 
presumed to be hormone unresponsive. Specimens with less than 300 fmol/g 
of cytosolic estrogen receptor show only focal nuclear staining. 

The defined technique using estrogen receptor as an immunohistochemical 
marker also can identify sub-populations of hormone-unresponsive cells in pa
tients, due to the heterogeneity of tumor cells. Additional consideration of thera
peutic manipulation thus can be made in these patients. With further refinement, 
immunohistochemical procedure hopefully will provide valuable information 
regarding patients' prognosis and treatment responsiveness. Immunohistochemi
cal reagent kit for estrogen receptor is now available commercially. 

Detection of early metastasis or micrometastasis, and differential diagnosis 
of metastatic tumor are of critical importance in management of patients. For 
these purposes, it is not necessarily required to use tumor-specific markers. 
Antibody reagents to organ-site or cell-type specific antigen markers, and to 
tumor associated antigens have been extensively utilized for these purposes. 
Again, only a few examples using biochemical markers already discussed in 
this chapter will be illustrated. 

Using conventionally prepared formalin-fixed paraffin-embedded tissue sec
tions, PA has been shown to be an effective immunohistochemical marker for 
detection of secondary metastatic prostate tumors and for differential diagnosis 
(NADJI et al. 1981). Since PA is prostate specific, it is expressed also in metastatic 
tumors of prostate origin. With our reagents prepared in-house, we have been 
able to detect all secondary metastatic prostate tumors examined, including 
those in the regional lymph node and bone marrow. Similar results have been 
reported by other investigators. This test is most useful in identification of 
distant metastasis and in differential diagnosis of tumor involving prostate and 
adjacent tissues, especially the differentiation of poorly differentiated transition
al cell carcinoma of the bladder from prostate carcinoma. 

Another clinical application of histochemical markers is on cytopathologic 
assessment of tumor cells in serous effusions or extracellular fluid. It is well 
known that one of the most difficult diagnostic problems in tumor cytology 
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is to differentiate malignant cells from mesothelial cells. A couple of monoclonal 
antibodies have been shown to be of great value in the use of this very area. 

Monoclonal antibody Bn.3, recognizing T AGn antigen, has been shown 
to stain adenocarcinoma cells in effusion specimens. In one study using large 
numbers of specimens involving both malignant and benign effusions, greater 
than 90% of adenocarcinomas were identified without staining any mesothelial 
cells (SZPAK et al. 1984). Another murine monoclonal antibody F36j22, recog
nizing a human ductal carcinoma antigen, also exhibits such a quality, especially 
for identification of ascitic epithelial ovarian carcinomas (CROGHAN et al. 1984). 

9 Oncogene Products as Biochemical Cancer Markers 

Recent advancement in molecular biology has identified the expression of more 
than twenty genes that appear to be associated with the conversion of normal 
cells to neoplastic cells, so called oncogenes (GARRETT 1986). Proteins encoded 
by some of these oncogenes also have been identified. Monoclonal antibodies 
directed against specific fragment (synthetic peptide) of oncogene products are 
available and some have been applied in cancer detection. 

Since the presence of the oncogene products, if any, in circulation will be 
extremely small in amount, so far all reports concerning their expression have 
been obtained from examination of tissue sections. The oncogene coded protein 
most extensively studied is ras oncogene protein p21, a protein product encoded 
by the members of the ras oncogene, the major neoplastic transformation-induc
ing genes of human solid tumors. 

In one study involving its expression in prostate cancer, all normal prostate and benign prostate 
tissues were shown to be devoid of p21 expression (VIOLA et al. 1986). In 29 patients with prostate 
cancer, p21 was detected in 2 of 6 prostate with Gleason Grade I carcinoma, 4 of 6 with Grade II, 
and all of 17 tumors with higher grades (III to V). Semiquantitatively, the expression of p21 in 
prostate tumor tissues was correlated strongly with nuclear anaplasia and inversely related to the 
degree of glandular differentiation. These results appear to suggest that ras oncogene p21 is a "pros
tate tumor-specific" marker, and that increased expression is associated with high grade, presumably 
more malignant tumors. Certainly, this interesting and provocative finding requires further confirma
tion with additional studies. 

Interesting data on the expression of ras oncogene p21 also has been ob
tained from human breast tissues (OHVCHI et al. 1986). Enhanced expression 
was found in invasive carcinoma, while decreasing expression was detected in 
carcinoma in situ, atypical hyperplasia and nonatypical hyperplasia, respective
ly. Carcinomas from postmenopausal patients were generally associated with 
higher levels of p21 expression than that from premenopausal patients. No 
correlation in p21 expression was found with estrogen receptor status. Addition
ally, normal mammary epithelium in terminal duct lobular units from patients 
with hyperplasia demonstrated higher level of p21 expression than did epitheli
um in large ducts. This finding appears to be consistent with the notion that 
these are the areas preferentially undergoing malignant transformation. Taking 
all these results together, it would suggest that an enhanced expression of ras p21 
may be involved in the early malignant development of human breast tumor. 
This exciting observation again needs to be confirmed. 
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Without question, the reports concerning oncogene product and cancer diag
nosis will be forthcoming at a greater rate in the next few years. The use of 
oncogene related products in tumor therapy would be another area of clinical 
interest. 

Several oncogene probes for cancer markers including that mentioned above 
and those for leukemia/lymphoma and others are already available from com
mercial sources. 

10 Biochemical Markers for Carcinogen Testing 

Another potential application of biochemical tumor markers is their use in 
carcinogen testing. In fact, this is an area of investigation that could provide 
an enormous scientific return. The time-consuming and expensive animal bioas
say in rodents is still the best available method and standard technique currently 
officially acceptable for identifying and evaluating chemical carcinogens. Al
though a large series of animals are generally required, ambiguous statistical 
results are often obtained. Therefore, a biochemical marker capable of indicating 
the cause of malignant transformation or correlating the progress of carcinogen
esis by a carcinogen would offer a simple and objective criterion for the identifi
cation of chemical carcinogen. Qualitative or quantitative biochemical markers 
of carcinogenicity will enhance the validity of existing short-term bioassays 
for chemical carcinogens. 

In addition to the determination of maximum tolerated dose, animal bioas
say for carcinogens primarily depend upon evaluation of morphologic changes 
in affected organs following carcinogen exposure. Should a biochemical marker 
be identified or available to indicate morphologic changes associated with car
cinogen exposure, this marker would be of great value in carcinogen testing. 
Several biochemical markers are effective in indicating such changes. 

Serum AFP has been shown to be a very reliable marker for determining 
exposure to liver carcinogens in animals, especially in rats, regardless of the 
nature of neoplastic lesions (SELL et al. 1983). Early prolonged elevations of 
serum AFP or sudden drastic elevations of AFP can be used as conclusive 
evidence of activity by strong hepatocarcinogens. Some carcinogens may not 
produce such patterns of serum AFP elevation even after potentiation with 
choline-deficient diet and may result in a possibly false negative result. In mice 
that are exposed to chemical hepatocarcinogens or develop spontaneous primary 
hepatocellular carcinoma, an elevation of serum AFP may not be observed 
in early stage. If an AFP elevation is produced in animals upon exposure to 
carcinogens, immunostain also will provide another probe to delineate the cellu
lar mechanisms involved. 

Gamma-glutamyltranspeptidase (y-GTP) is another well known biochemical 
marker for preneoplastic hepatocyte foci and of hepatocellular carcinoma in 
animals (RICHARDS 1983). Although its function and biologic significance in 
normal cells and in malignant transformation is still unclear, y-GTP has been 
used increasingly as an enzyme marker for chemical hepatocarcinogens. Simple 
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histochemical stain allows easy identification of putative preneoplastic hepato
cytes. It should be noted, though, that y-GTP is not a tumor marker per se, 
it is a marker of cell differentiation, cell aging and reduced cell proliferation 
rather than of elevated cell proliferation. Furthermore, some rat and human 
hepatocellular carcinomas and most mouse hepatomas are devoid of y-GTP 
expression. 

Polyamines are well known for their important role in cell growth, and 
have been discussed as potential biochemical tumor markers. Ornithine decar
boxylase is a critical enzyme involved in metabolism of polyamines, especially 
in catalyzing the formation of putrescine (diamine) from ornithine, serving the 
precursor for spermidine (tertiary amine) and spermine (quarternary amine). 
Induction of ornithine decarboxylase during tumor promotion and in trans
formed cells as a result of chemical carcinogenesis or other mechanisms has 
been suggested to be a potential universal marker of neoplastic expression (HAD
DOX and GREENFIELD 1983). This notion represents a basis for its use in carcino
gen testing but requires further investigation. 

Biochemical markers, such as aryl hydrocarbon hydroxylase, epoxide hydro
lase, DT -diaphorase, and others, have been shown to be of some value as 
enzyme markers for chemical carcinogenesis. 

The use of DNA-carcinogen adducts for possible monitoring exposure to 
chemical carcinogen is a relatively new and extremely important area of investi
gation. Considerable characterization of DNA component structurally modified 
by chemical carcinogen has been reported. Several biochemical and immunologic 
methods are available which detect and quantify human DNA modified by 
carcinogens, even to the level of accuracy in defined restriction fragments of 
DNA molecules modified to less than one carcinogen per DNA molecule (Bus
TIN et al. 1983). This new approach represents a great potential research and 
scientific reward for biochemical markers for cancer. 

11 Summary 

At this stage of development, there is no tumor specific biochemical marker. 
Although sensitive and specific procedures are available for measurements of 
cancer-associated biochemical markers, none has been shown to be of value 
as a general screen for cancer. Biochemical markers do have potential as screen
ing tools for high-risk populations and symptomatic patients, e.g. oc-fetoprotein 
for primary hepatocellular carcinoma, thyrocalcitonin for medullary thyroid 
carcinoma, and perhaps fibrinogen degradation products for carcinoma of the 
urinary bladder. Also, biochemical markers, such as estrogen receptor protein, 
are clinically useful for staging of breast cancer and other estrogen-sensitive 
tumors. Most of the biochemical markers available to date are of clinical utility 
as a means of monitoring the response to treatment and/or of detecting disease 
recurrence at an early stage. At present, there are only two markers, carcinoem
bryonic antigen and prostate specific antigen, approved by the Food and Drug 
Administration. Conventional radioimmune assay and biochemical assay, in-



42 T.M.CHU 

eluding enzyme-linked immunosorbent assay, are still commonly applied in de
tection of biochemical markers. Other new approaches or technologies, such 
as immunohistochemistry, flow cytometry and molecular biology, are being 
increasingly utilized. Another potential application of biochemical tumor 
markers is their use in carcinogen testing. Biochemical marker can serve as 
a simple and objective criterion correlating morphological changes in malignant 
transformation. Finally, recent advancement in molecular biology has identified 
oncogene encoded protein as a potential biochemical marker for human cancer. 
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Immunhistochemistry plays a major role in biological and biomedical research 
as well as in diagnostic histopathology. In pathology, it has not only contributed 
significantly to our understanding of basic pathogenetic principles but also to 
the precision of diagnosis (see TAYLOR and KLEDZIK 1981; DE LELLIS et al. 
1979; for further information). An accurate classification of neoplasms is an 
important prerequisite of the newly developed specific and highly efficient thera
peutic approaches in oncology. A major problem in histopathology is the identi
fication and classification of tumors on the basis of light microscopic appearance 
in routinely stained and processed sections. This task is relatively easily accom-
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plished in well differentiated neoplasms with (more or less) close resemblance 
to the respective non-neoplastic tissue, but may be difficult or even impossible 
in undifferentiated tumors and in small tissue fragments. In these situations, 
the evaluation of tumor cell constituents or products (tumor markers) is a valu
able supplement for refinement of diagnosis. The family of tumor markers in
cludes various immunoglobulin classes in tumors or atypical proliferative condi
tions of lymphoreticular origin, hormones, particularly in endocrine tumors, 
tumor cell constituents, such as membrane and cytoskeletal components, and 
oncofetal substances (for further information see HEYDERMAN 1983 and this 
volume). 

As a promising tool, immunohistochemistry started with the first description 
of antibody labeling with a fluorescent dye by COONS et al. (1941), and has 
been considerably improved with the introduction of enzyme labels and the 
unlabeled antibody methods (STERNBERGER 1979 ; VAN NooRDEN and POLAK 
1983; DENK and PLATZER 1982; TAYLOR 1980; BOSMAN 1983). Its superior sensi
tivity and specificity now allows its application to fixed and paraffin-embedded 
material, the material of choice referred to the surgical pathologist. Numerous 
modifications of the original procedures have been described with the aim in
creasing sensitivity, specificity and applicability further. A significant improve
ment, particularly with regard to specificity, has been achieved by the introduc
tion of the monoclonal antibody technology (for review and further information 
see DIAMOND and SCHARFF 1982). Moreover, immunochemical analyses of anti
bodies and antigens (for example, by immunoblotting procedures) allows a more 
precise definition of antigenic determinants recognized by the antibodies. How
ever, the still expanding range of application of immunohistochemical tech
niques raises the risk of pitfalls and misinterpretations of results and makes 
proper evaluation of the methodology, particularly with respect to its specificity, 
imperative. Moreover in diagnostic pathology, immunohistochemistry should 
be guided by conventional histopathological evaluation and cannot replace the 
experience and skill of the pathologist. Diagnostic errors resulting from uncriti
cal use of these costly and time-consuming procedures must be avoided. 

The present review will focus on the various methods applied today in diag
nostic pathology in general and in oncology, for tumor marker detection in 
particular. 

2 Principles of Immunohistochemistry 

Immunohistochemistry allows in situ-identification of antigenic cell or tissue 
components, including secretion products, on the basis of specific antigen-anti
body interactions which are visualized by suitable labels at the light and electron 
microscopic level. Besides pure immunological methods, depending solely on 
the specific interaction of antibodies (or antigen) with the tissue-bound antigen 
(or antibodies), non-immunological fixation of substances in combination with 
immunological methods (mixed methods), or non-immunological binding alone 
can be successfully used for visualization of diverse cell and tissue components 
(for recent review see, for example, VAN NooRDEN and POLAK 1983; TAYLOR 
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Fig. 1. In direct immunofluorescence (left) the fluoro
chrome-labeled antibody reacts with the tissue bound anti
gen. In indirect immunofluorescence (right) the labeled sec
ondary antibody marks the position of the first antibody 
bound to the antigen 

1983; BOSMAN 1983). Labels used for visualization of binding are either fluores
cent dyes (immunofluorescence), enzymes (immunoenzymatic methods), electron 
dense substances and particles for light and electron microscopic immunocyto
chemistry (e.g. colloidal gold, ferritin), and other particles (e.g. erythrocytes). 

2.1 Immunofluorescence Microscopy 

Immunofluorescence microscopy (Fig. 1), first introduced by COONS et al. 
(1941), is based on labeling of the antibodies with fluorescent dyes (fluoro
chromes). Several fluorochromes are suitable for antibody labeling, including 
fluorescein isothiocyanate (FITC), tetramethylrhodamine isothiocyanate 
(TRITC), lissamine rhodamine B 200 sulphonyl chloride (RB 200SC) and Texas 
RedR sulfonyl chloride. An optimal fluorochrome-protein ratio is required for 
low signal-to-noise ratio, that is the intensity of specific staining in relation 
to nonspecific background staining. Since conjugation of antibody with label 
involves a chemical reaction it may to some degree affect antibody structure 
and immunoreactivity adversely. The disadvantages of immunofluorescence mi
croscopy are the impermanence of staining (although this disadvantage can 
now largely be overcome by embedding the stained frozen section in special 
media such as MovioIR), the need for special and expensive equipment (fluores
cence microscope), the need, in many instances, for frozen or specially treated 
tissues, and difficulties in the analysis of structural details in frozen material 
subjected to immunofluorescence staining. 

2.2 Enzymes as Labels 

Attempts to overcome disadvantages inherent in immunofluorescence tech
niques resulted in the widespread use of enzymes as markers (Fig. 2) (STERN
BERGER 1979; NAKANE and PmRcE 1966; VAN NOORDEN and POLAK 1983). 
Horseradish peroxidase and alkaline phosphatase, glucose oxidase, and beta
galactosidase are used as marker enzymes which, for visualization, are developed 
histochemically with various substrates (chromo gens) yielding differently col
oured end-products (CORDELL et al. 1984; MASON et al. 1983; VAN NOORDEN 
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Fig. 2. The coupled enzyme (peroxidase) methods (a, b) resemble the immunofluorescence methods 
(direct and indirect immunoperoxidase method). In the unlabeled methods the enzyme marker (peroxi
dase) is fixed to the site of the antigen by an antibody sequence (the final antibody directed to 
the enzyme). In the antibody bridge method a peroxidase antibody is bound to a primary antibody 
of the same species by a bridging antibody (c). The enzyme is added as the fourth layer. In the 
peroxidase-anti-peroxidase (PAP) method a peroxidase-anti-peroxidase PAP complex is bound to 
the primary antibody by a bridging antibody (d) 

and POLAK 1983; for review of recent literature). Glucose oxidase has the advan
tage that no endogenous enzyme activity exists in mammalian tissues (see CLARK 
et al. 1982; GOWN et al. 1986 for further references), in contrast to alkaline 
phosphatase and peroxidase, which has to be blocked in order to avoid false 
positive results (peroxidase by methanol-H20 2 or periodate oxidation; alkaline 
phosphatase by levamisole, acetic acid, or periodate oxidation). These proce
dures occasionally result in impairment of antigenicity (for review and references 
see MASON et al. 1983). A sensitive method involves the combination of glucose 
oxidase and horseradish peroxidase (KUHLMANN and PESCHKE 1986) which are 
coimmobilized onto the same cellular sites and act as components of a reaction 
sequence. The H 20 2 generated during the glucose oxidase reaction is the sub
strate of horseradish peroxidase and is utilized for the oxidation of chromogens. 
This method is superior to conventional immunoperoxidase labeling for the 
localization of antigens in tissues rich in endogenous peroxidase activity. 

The chromogen used most frequently in the peroxidase methods is 3,3' -dia
minobenzidine (DAB) in H 20 2 , yielding a brown color which can be further 
intensified by treatment with osmium tetroxide or NiCI2 , CoCl2 or CUS04 
(ADAMS 1981; Hsu and SOBAN 1982; TROJANOWSKI et al. 1983; DE JONG et al. 
1985; see also section 6 on sensitivity). Alternative substrates are 4-chloro-1-
naphthol (blue color, but not alcohol resistant), 3-amino-9-ethylcarbazol (red 
color), and p-phenylenediamine-HCI/pyrocatechol (black color) (see MASON 
et al. 1983; VAN NOORDEN and POLAK 1983). The 1-naphthol-basic dye tech
nique can be used as alternative to DAB in immunoperoxidase techniques 
(MAURO et al. 1985). The oxidation product of 1-naphthol is capable of binding 
basic dyes resulting in precipitates with characteristic color, e.g. blue-green with 
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azur A, toluidine blue, cresyl violet, and Giemsa stain, dark green with methyl
green, blue-violet with crystal violet, red-violet with safranin, etc., which are 
alcohol-resistant. In alkaline phosphatase immunohistochemistry the enzyme 
label is revealed with naphthol AS-MX (or naphthol AS-BI) plus Fast Red 
(red color), hexazotized New Fuchsin (red color) or Fast blue (blue color) 
(CORDELL et al. 1984; DE lONG et al. 1985). Glucose oxidase activity is detected 
with a substrate medium containing B-D glucose, nitro blue tetrazolium and 
phenozine methosulfate (KUHLMANN and AVRAMEAS 1971; GOWN et al. 1986). 

Horseradish peroxidase was originally selected as marker enzyme because 
it could easily be coupled to antibodies and yielded a stable color reaction. 
However, chemical coupling procedures have several short-comings, particularly 
by affecting adversely antibody as well as enzyme reactivities (STERNBERGER 
1979; VAN NOORDEN and POLAK 1983). Therefore, unconjugated enzyme-anti
body methods, such as the peroxidase-anti peroxidase-method (STERNBERGER 
1979), have been developed in which the marker enzyme is fixed to the site 
of the antigen by several steps of antibody binding instead of chemical coupling. 
The superior sensitivity of these methods allows the detection of antigens, includ
ing tumor markers, in routinely fixed and processed material making retrospec
tive studies on a large scale possible. In addition, the excellent structural preser
vation of fixed material and counterstaining allow a combination of immunohis
tochemistry with traditional light microscopy and thus facilitate interpretation 
(TAYLOR 1980; BOSMAN 1983; VAN NOORDEN and POLAK 1983). 

2.3 Colloidal Gold and Other Particles as Labels 

The stable and rapid binding of colloidal gold particles to proteins, including 
antibodies, enzymes, protein A, and lectins, without affecting biological activity 
is exploited in light as well as in electron microscopic immunocytochemistry 
(including scanning electron microscopy) (Fig. 3). With colloidal gold - coupled 
probes neither substrates (as in enzyme methods) nor expensive equipment (as 
in immunofluorescence microscopy) are required for visualization (DE MEY 
1983 b). Immunogold procedures can be combined with other staining methods, 
e.g. enzyme cytochemistry, for correlation of morphological with functional 
criteria (DE WAELE et al. 1983). For visualization of the gold label under the 
light microscope (red staining) a relatively high local concentration of immuno
gold reagent is necessary. Sensitivity is considerably increased and, hence, less 
reagent is required when immunogold staining is combined with silver precipita
tion (HOLGATE et al. 1983). Metallic gold catalyzes the reduction of silver ions 
(derived, for example, from silver lactate) to metallic silver in the presence 
of a reducing agent (e.g. hydro quinone) resulting in an enlarging shell of silver 
grains around the gold particle which is then easily visible at the light microscop
ic level (black staining). Several modifications of this method have been designed 
(SPRINGALL et al. 1984; FRITZ et al. 1986; DANSCHER and NORGAARD 1983 for 
resin-embedded tissue). Advantages are the high sensitivity (see below), the 
lack of diffusion of the reaction product, low background staining, and easy 
combination with routine staining procedures, e.g. haematoxilin-eosin staining. 
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Fig. 4. In the erythrocyte adherence reaction 
erythrocytes (Ery) containing blood group anti
gens are fixed by a bridging antibody to blood 
group antigens (BG) present in the tissue. The 
site of the antigen is indicated by erythrocyte 
adherence 

<J Fig. 3. The secondary antibody labeled with colloidal gold binds to 
the unlabeled primary antibody which reacts with the tissue-bound 
antigen. The color reaction is intensified by silver precipitation 

Particles containing a specific antigenic structure, either artificially coupled 
to its surface or present in their membranes, e.g. blood group antigens in erythro
cytes, can be used as probes by fixation to identical antigens present in tissues 
or cells by a bridging antibody. An example is the erythrocyte adherence reaction 
for the demonstration of tissue-bound blood group antigens (Fig. 4; see DENK 
and PLATZER 1982 for review), originally described by DAVIDSON 1972. 

3 Immunohistochemical Methods: Types and Mechanisms 

3.1 Direct Labeled Antibody Method 

The labeled antibody identifies the tissue-bound antigen by specifically binding 
to the antigenic sites (Fig. 1, Fig. 2). This method is less sensitive and requires 
a vast library of labeled antibodies depending on the antigens to be studied. 

3.2 Indirect Labeled Antibody Method 

An unlabeled (primary) antibody bound to its specific antigen in the tissue 
is revealed by a labeled secondary antibody raised in another animal species 
against the primary (Fig. 1, Fig. 2). This method exceeds the direct method 
in sensitivity. Since primary antibodies are produced in a limited number of 
animal species, preferentially in rabbits, sheep, goats, pigs, guinea pigs, only 
relatively few different labeled antibodies are required to detect a diversity of 
antigens. 

3.3 Unlabeled Antibody Enzyme Bridge Method 

A bridging antibody fixes an anti-enzyme antibody (derived from the same 
species as the first antibody) to the unlabeled first antibody directed against 
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Fig. 5. An alkaline-anti-alkaline phosphatase complex (APAAP) is fixed to 
the primary antibody by a bridging antibody. When the primary antibody 
and the alkaline phosphatase antibody are monoclonal (mouse) an anti-mouse 
IgG is used as bridging antibody 

the antigen (STERNBERGER et al. 1970; STERNBERGER 1979; VAN NOORDEN and 
POLAK 1983). The enzyme is added and immunologically bound in a final step 
and visualized histochemically (Fig.2c). Since chemical coupling of antibody 
and enzyme is avoided maximum reactivity of both is guaranteed. In the three 
step enzyme-anti-enzyme complex method a preformed antibody-enzyme com
plex (e.g. peroxidase-antiperoxidase complex, PAP; alkaline phosphatase-antial
kaline phosphatase complex, APAAP; CORDELL et al. 1984) is applied (Fig. 2d, 
Fig. 5). The concentration of enzyme molecules at the antigenic site, and hence 
sensitivity, can be increased by repeating the sequences (multistep methods). 
It has been shown that a linear relationship exists between the number of in cuba
tion cycles and the amount of enzyme, e.g. peroxidase, bound. Consequently, 
a high enzyme (e.g. peroxidase)-to-antigen ratio is achieved and the primary 
antibody can be used highly diluted giving the advantage of low non-specific 
background staining (LANSDORP et al. 1984). Several variants of the unlabeled 
antibody-enzyme method have been described, such as the double PAP tech
nique (ORDRONNEAU et al. 1981). Limitations may ensue from dissociation of 
anti-immunoglobulin from immunoglobulin, dissociation of anti-peroxidase 
from peroxidase, and impaired accessibility of substrate within large complexes 
(LANSDORP et al. 1984). 

For monoclonal primary antibodies (rat or mouse) monoclonal peroxidase
antiperoxidase (PAP) immunocytochemical reagents have recently been devel
oped (MASON et al. 1982; CUELLO et al. 1984). Since monoclonal antibodies 
recognize only one specific type of antigenic determinant, monoclonal PAP 
complexes have lower molecular weights than polyclonal PAP complexes and 
probably contain only two molecules of horseradish peroxidase per antibody 
molecule which facilitates penetration (MASON et al. 1982). The use of mono
clonal PAP complexes results in very low background staining and intense spe
cific staining (LANSDORP et al. 1984). In "hybrid-hybridoma" immunocyto
chemistry" bi-specific" monoclonal antibodies which recognize both peroxidase 
and another antigen are introduced (MILSTEIN and CUELLO 1983). 
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Fig. 6. Uncoupled hapten bridge method. Primary antibodies as well as 
enzyme antibodies are haptenated and bridged by an antibody directed 
to the hapten 

3.4 Hapten-Labeled Antibody Method 

Labeling of a primary antibody with a hapten (e.g. arsanilic acid, dinitrophenol, 
p-amino-benzoylglycine, p-aminobenzoylglutamic acid), which is then recog
nized by a labeled hapten antibody, is the principle of this reaction. Since large 
numbers of hap tens can be coupled to the antibody its antigenicity towards 
the second antibody is increased and sensitivity augmented (CAMMISULI and 
WOFSI 1976; JASANI et al. 1981; MASON et al. 1983). In a modified version of 
this method an unlabeled anti-hapten antibody (reacting with the haptenated 
primary antibody) is used as the second and a hapten-labeled enzyme antibody 
or PAP complex as the third layer (Fig. 6). 

3.5 Labeled Antigen Method 

This method is highly specific and is based on the binding of a labeled antigen 
to its specific antibody before this antibody reacts with its other binding site 
with the tissue-bound antigen (MASON and SAMMONS 1979). Enzymes, radioac
tive isotopes, or gold particles can serve as labels. The necessity of labeling 
individual antigens is a disadvantage of this method (see VAN NOORDEN and 
POLAK 1983; BOSMAN 1983 for further information). 

3.6 Biotin-Avidin Method 

Avidin is an egg white glycoprotein (molecular weight 68,000) with pronounced 
affinity to the vitamin biotin (see Hsu and RAINE 1984 for review). In the 
labeled avidin-biotin technique (GUESDON et al. 1979; Hsu et al. 1981; BOORSMA 
et al. 1986) biotin-labeled antibodies and enzyme-labeled avidin are applied in 
sequence. In addition to horseradish peroxidase alkaline phosphatase can be 
used as marker enzyme. With biotin-labeled secondary antibodies (3-step tech
nique) only few biotinylated antibodies are required to detect a wide range 
of primary antibodies. However, biotin-labeled primary antibodies (2-step tech-
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Fig. 7. A biotinylated antibody (either 
primary or secondary antibody) is visual
ized by an avidin (A)-biotin (B)-peroxi
dase (PX)-complex. Since several com
plexes can bind, several peroxidase mole
cules are fixed to the place of the tissue 
bound antigen increasing the sensitivity 
of the reaction 

nique) have the benefit of lower background staining and thus yield a high 
signal-to-noise ratio, resulting in a distinct staining reaction. In the direct avidin
biotin bridge method avidin bridges the biotin-labeled primary antibody and 
the biotin-labeled enzyme. In the indirect bridged avidin-biotin technique (Hsu 
et al. 1981) the biotin-labeled secondary antibody and the biotin-labeled enzyme 
are combined by avidin. The reagents of the different steps are either applied 
sequentially or a preformed avidin-biotin-peroxidase complex (ABC) is used 
(Fig. 7). The high sensitivity of the indirect bridged avidin-biotin technique 
may ensue from the following facts: (1) Biotin is bound to the antibody or 
the enzyme (peroxidase) through amino groups. Since multiple biotin moieties 
can be introduced into immunoglobulin or peroxidase, the number of binding 
sites for avidin is increased; (2) avidin has four active binding sites for biotin, 
not all of which react with antibody-associated biotin but which do react with 
biotin molecules coupled to peroxidase leading to amplification of the staining 
reaction by formation of a large complex containing multiple peroxidase mole
cules; (3) penetration of the reagents is facilitated by their smaller size (Hsu 
and RAINE 1984). In order to further enhance antibody penetration biotin labeled 
Fab fragments can be used for light as well as for electron microscopy. 

The quality of the ABC reagent also determines sensitivity. An excess of 
free avidin molecules decreases sensitivity by competition with the avidin-biotin
peroxidase complex for the biotin molecules coupled to the antibody. On the 
other hand, with biotin-peroxidase in excess the biotin binding sites of the 
avidin molecules in the complex may become saturated and the complex is 
then devoid of free biotin-binding sites impeding its reactivity with the biotiny
lated (secondary) antibody. 

Non-specific binding of ABC is observed with high concentrations and can 
be diminished by appropriate dilutions (for other pitfalls see section 9). 

Further possible pitfalls of avidin-based systems may result from the fact 
that avidin at neutral pH is highly positively charged (isoelectric point around 
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10) and, therefore, non-specifically attaches to negatively charged molecules, 
including nucleic acids and phospholipids (SAVAGE 1986). 

Avidin can be replaced by streptavidin, which is a protein from Streptomyces avidinii and has 
four high-affinity binding sites for biotin. It can be conjugated with labels without loss of biotin
binding charac~ristics. Labels used in the streptavidin system include fluorescein, Texas red, enzymes 
(peroxidase, alkaline phosphatase, /i-galactosidose), colloidal gold, and 125 I. Non-specific binding 
of streptavidin to negatively charged molecules and to lectins is avoided by its lack of carbohydrate 
residues and by an isoelectric point around neutral pH (see SAVAGE 1986 for further information). 
Amplification of the signal can be achieved by biotinylation of the second antibody at multiple 
sites or by using streptavidin containing several label molecules per molecule. 

3.7 Labeled Protein A Method 

Protein A is a highly resistant cell wall constituent present in most strains 
of Staphylococcus aureus and consists of a single polypeptide with a molecular 
weight of 42,000 and an isoelectric point value of 5.1. It shows a high affinity 
to the Fc region of immunoglobulins, particularly of IgG, which makes it a 
suitable tool for antibody recognition (see ROTH 1984 for additional informa
tion). Differences, however, exist in its binding affinities to IgG subclasses de
rived from different species (see ROTH 1984 for information). Since it binds 
strongly to rabbit and guinea pig but rather weakly to goat and sheep immuno
globulins, reagents derived from the former species should be preferred. Protein 
A can be labeled with several substances, including fluorescein isothiocyanate 
or colloidal gold particles, and is usable in both light and electron microscopic 
immunocytochemistry (see also BENDAYAN and DUHR 1986 for modifications). 

3.8 Lectins 

Lectins are sugar binding proteins or glycoproteins (derived from plants, bacte
ria, fungi, invertebrates, and vertebrates) which non-covalently bind to specific 
carbohydrate residues of polysaccharides and glycoproteins, and are able to 
agglutinate cells containing complementary saccharides (PONDAR 1983; ALROY 
et al. 1984). Lectins coupled to labels, including fluorescent dyes, enzymes and 
electron-dense particles, have been used as probes in carbohydrate-directed 
histochemical studies. 

Lectin histochemistry has contributed to our knowledge of the distribution 
of sugar residues, including blood group-related antigens, on cell surfaces and 
secretions during maturation, differentiation, but also malignant transformation 
(for different lectin and sugar specificities see ALROY et al. 1984). Evaluation 
of the presence, deletion, or distribution of lectin receptors may help to define 
neoplastic changes and, consequently, the biological behaviour of tumor cells, 
and may, therefore, contribute to our understanding of pathological processes, 
in addition to providing diagnostic and prognostic hints. 

In addition to direct methods with labeled lectins, lectin binding sites are 
also revealed by the PAP as well as the ABC method in formalin-fixed and 
paraffin-embedded material. In the PAP method, the tissue sections are first 
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incubated with a lectin followed by sequential incubations with lectin antibodies, 
secondary antibodies, and a corresponding PAP complex. In the ABC method, 
a biotinylated lectin is revealed by ABC. Controls include blocking of the lectin 
by preincubation with the specific sugar. 

4 Comparison of Different Immunohistochemical Techniques 

4.1 Immunofluorescence Versus Immunoenzymatic Techniques 

Important factors determining the reliability of immunohistochemistry are the 
sensitivity of the technique as well as the detection efficiency reflected by the 
signal-to-noise ratio. A valid comparison of different methods in this respect 
requires a defined test system (VALNES et al. 1984). VALNES and BRANDTZAEG 
(1984) concluded from their studies using artificial substrates (human immuno
globulins IgA and IgG incorporated) that only minor differences in sensitivity 
and efficiency exist between the direct and indirect immunofluorescence, the 
indirect immunoperoxidase conjugate and the unlabeled PAP methods. Accord
ing to their experience, masking of antigenicity in formaldehyde-fixed substrates 
played some role in immunofluorescence but less in immunoenzymatic tech
niques and could be overcome by raising conjugate concentrations, prolongation 
of incubation time, and protease pretreatment. However, in the opinion of 
most authors enzyme bridge, PAP and avidin-biotin methods surpass the direct 
and indirect methods in sensitivity (e.g. BERGROTH 1983; see also VAN NOORDEN 
and POLAK 1983). 

'l. 
4.2 PAP Versus ABC Method 

By using the ABC method staining intensity is increased in comparison with 
the PAP technique, thus allowing considerably higher dilution of primary anti
bodies (Hsu et al. 1981). However, other authors (STERNBERGER and STERN
BERGER 1986) disagree on the basis of their studies using a new method of 
quantification by image analysis of optical densities. STERNBERGER and STERN
BERGER (1986) obtained stronger staining intensities, and hence sensitivities (sig
nal-to-background ratios), with the PAP than with the ABC method. In their 
hands, the PAP method was ten times more sensitive than the ABC method 
within a certain range of antibody dilutions. 

4.3 Immunogold-Silver Staining Versus PAP Method 

Immunogold-silver staining excells the PAP technique in sensitivity. Increased 
sensitivity (up to 200 fold) is particularly obtained by the silver precipitation 
step (see also SPRINGALL et al. 1984), but inclusion of detergent (0.5% Tween 
80 or 0.2% Triton X-100) and higher sodium chloride concentrations into the 
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buffers, higher pH of the immunogold reagent and modifications of the silver 
development procedures (SPRINGALL et al. 1984) may also contribute to enhance
ment of staining. Small-sized gold particles adsorbed to affinity-purified anti
bodies facilitate penetration of the labeled antibodies. 

5 Simultaneous Detection of Two or Several Antigens 

5.1 Double Immunofluorescence 

Differently labeled secondary antibodies (fluorescein isothiocyanate, rhodamine 
isothiocyanate, Texas Red) are used as a mixture or in sequence to detect prima
ry antibodies derived from different species (indirect method). Primary anti
bodies conjugated with different fluorochromes can also be used (direct method). 
Immunofluorescence may also be combined with other methods, e.g. with the 
immunogold (WANG and LARSSON 1985) or with the PAP method (GAUDINO 
et al. 1982). 

5.2 Immunoenzymatic Techniques 

Simultaneous demonstration of multiple antigens by enzyme immunohistochem
istry may be achieved by using one type of enzyme with different substrates 
or different enzymes with or without elution of the preceding sequences (for 
information and references see WANG and LARSSON 1985; MASON et al. 1983). 
If one enzyme is used with different substrates for labeling of two different 
antigens the procedure has to be performed sequentially with the disadvantages 
of prolongation of the immunohistochemical procedure. With two different en
zymes, peroxidase is usually applied in the first sequence. Alkaline phosphatase, 
as the second enzyme, can be developed with different substrates revealing reac
tion products with exellent contrast to the DAB reaction product as well as 
to haematoxilin as counter stain (MASON et al. 1983; VALNES and BRANDTZAEG 
1984). For double labeling a combination of avidin-biotin-glucose oxidase in 
conjunction with avidin-biotin-peroxidase method can be used (GOWN et al. 
1986): the avidin-biotin-peroxidase with DAB development is applied first, fol
lowed by an elution step (5% acetic acid or 10% oxalic acid) and/or incubation 
with Triton X-100 (0.1 %), or Tween 20 (0.1 %), and then by avidin-biotin
glucose oxidase system with nitro blue tetrazolium as chromogen. For maximum 
staining intensity in paraffin-embedded tissue approximately ten-fold higher 
concentrations of primary antibodies were required in the avidin-biotin-glucose 
oxidase than in the avidin-biotin-peroxidase system, but this varied with differ
ent antibodies and antigens (GOWN et al. 1986). 

In the elution techniques, the antibodies of the first reaction are eluted after color development 
and the section is then incubated for demonstration of the second antigen using an immunoenzymatic 
procedure with a differently colored reaction product either by changing the enzyme or the substrate 
(MAsoN et aI. 1983; WANG and LARSSON 1985). Difficulties of removal of the first sequence antibodies 
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may arise with antibodies with high binding avidity, and some of the methods efficient in this 
respect may adversely affect antigenicity (TRAMU et al. 1978; STERNBERGER 1979; see also WANG 

and LARSSON 1985). Removal of the immunoreagents of the first sequence without affecting the 
DAB reaction product before application of the second sequence for staining of the second antigen 
can be achieved by acidification (for further references see STERNBERGER and JOSEPH 1979) or by 
dimethyl formamide treatment (V ANDESANDE and DIERICKX 1975) by which most antigen-antibody 
complexes are dissociated. 

Elution procedures may be avoided by modifications of the techniques, for example by a mixed 
PAP-immunofluorescence staining sequence (LARSSON et al. 1979). In other non-elution procedures 
differently labeled primary antibodies, primary antibodies derived from different species, labeled 
antigen and protein A are used. 

According to STERNBERGER and JOSEPH (1979) in the unlabeled antibody 
enzyme (PAP) method, performed under standard conditions, color mixing did 
not occur despite the fact that primary antibodies with differing specificities 
in the first and second sequence were from the same animal species, provided 
that the first sequence primary antibodies were sufficiently highly concentrated. 
Apparently, the DAB oxidation product is able to mask antigenic and catalytic 
sites of the first sequence of immunoreagents thus obviating elution prior to 
application of the second sequence for double antigen staining. Another possibil
ity is that excess linking antibody in the first sequence blocks all antigenic 
determinants of the primary antibody and that the PAP complex of the first 
sequence blocks all free combining sites of the linking antibody. 

Another non-elution technique introduced by WANG and LARSSON (1985) 
is based on the observation that formaldehyde vapour selectively destroys the 
antigen - combining sites of the second layer anti-IgG antibodies. Under these 
conditions antibodies of different specificities raised in the same species can 
be used in sequence for the demonstration of several antigens in indirect immu
nohistochemical staining. The prerequisite of the suitability of this technique, 
however, is the stability of the antigens towards formaldehyde fixation. Condi
tions, which have to be established in pilot studies, include optimal dilutions 
of primary antibodies and optimal (minimal) time of formaldehyde vapour treat
ment. Good results have been obtained with several peptide hormones (WANG 
and LARSSON 1985). 

In the hapten sandwich double labeling methods the haptenated primary 
antibody directed to the first antigen is linked to the haptenated third stage 
(e.g. PAP) by a antihapten (e.g. to dinitrophenol) bridging antibody. The second 
antigen is revealed by a second sandwich with another hapten (e.g. p-aminoben
zoylglutamic acid or p-aminobenzoylglycine; for further information see MASON 
et al. 1983). 

If alkaline phosphatase is conjugated with (periodate oxidized) horseradish 
peroxidase a violet reaction product is revealed upon sequential alkaline phos
phatase (Naphthol AS-MX/Fast blue) and horseradish peroxidase (3-amino-9-
ethylcarbazole) development. This double enzyme conjugate can be coupled 
either to an antigen (for determination of antibody producing cells) or to anti
bodies and allows (in combination with pure alkaline phosphatase and horserad
ish peroxidase immunohistochemistry) the simultaneous detection of three dif
ferent antigens or antibodies in a single section after a one-step incubation 
and a two-step standard cytochemical procedure (CLAASSEN et al. 1986). 
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5.3 Other Techniques 

Double staining can also be achieved by sequential application of immunogold 
reagents, the first staining sequence intensified with silver precipitation reaction 
(black reaction product) and the second without (red color of colloidal gold) 
as described by MANIGLEY and ROTH 1985, or by a combination ofimmunogold
silver staining with the ABC method (SAKO et al. 1986). 

6 Sensitivity 

Sensitivity can be defined in terms of the smallest amount of antigen to be 
detected and, therefore, depends greatly on the ratio of specific to nonspecific 
(background) staining. Sensitivity depends on the quality of the antibody, the 
chemical structure of the antigenic determinant to be detected, and on the meth
odology (as described above). 

Increasing the incubation time with the different layers can improve specific 
staining, and, in addition, allows further dilution of the antibodies resulting 
in decreased background reaction. Repetition of layers, e.g. of the primary 
antibody layer after washing or of the second layer after application of the 
PAP complex, can increase the amount of label concentrated at the antigenic 
site, and thus the signal-to-noise ratio. Combination of immunogold techniques 
with the PAP method with development of peroxidase (with DAB) and subse
quent silver intensification results in further increase in sensitivity (SCOPSI and 
LARSSON 1985). 

Reduction of non-specific background staining can be achieved by using 
highly specific antibodies, such as affinity - purified or monoclonal antibodies. 
In immunofluorescence microscopy, background staining may result from bind
ing of unconjugated fluorochrome (e.g., fluorescein isothiocyanate), which can 
be removed, by Sephadex G-25 chromatography (see VAN NOORDEN and POLAK 
1983 for further information). Nonspecific adsorption of antibodies can be pre
vented by pretreatment of antisera with tissue powders. Nonspecific reactive 
sites in the tissue section are blocked by normal serum applied prior to the 
immune reaction. This is, of course, not applicable if protein A is used as 
a component of the immunohistochemical procedure because of its affinity to 
the Fc portion of immunoglobulins. Moreover, non-specific binding of anti
bodies can also be minimized or prevented by detergents such as Triton X-100 
or Tween 20 included in the washing buffers (VAN NOORDEN and POLAK 1983; 
JUHL et al. 1984). Pretreatment of dewaxed formalin-fixed paraffin sections with 
(2%) Tween 20 and dilution of the additional layer (first and second antibody 
layer in indirect peroxidase immunohistochemistry) with the detergent 
(0.05-2%) significantly reduces background staining as evaluated with blood 
group antigen A in human urothelium (JUHL et al. 1984). Antibody penetration 
may also be facilitated by detergent action. 

Increased sensitivity can also be obtained by changing the chromogen proto
col in peroxidase immunohistochemistry (TROJANOWSKI et al. 1983). According 
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to TROJANOWSKI et al. (1983), with neuro-and glial filaments as antigens DAB 
in combination with imidazole exceeded all other protocols (amino-ethylcarba
zole, O-tolidine, paraphenylenediamine-pyprocatechol, tetramethylbenzidine, 
diaminobenzidine, and diaminobenzidine at neutral pH with or without intensi
fication with cobalt chloride and at pH 5.1) in sensitivity. O-tolidine was the 
least sensitive chromogen in the hands of these authors although the results 
may vary with other systems. The positive effect of imidazol added to the 
DAB incubation medium is apparently due to acceleration of DAB oxidation 
especially at neutral pH (STRAUS 1982). 

Further important determinants of sensitivity are the chemical structure and, 
particularly, the stability of the antigens in question, especially in fixed and 
embedded material. Denaturation of antigenic determinants occurs with alde
hyde fixatives in addition to masking of antigenic determinants by formation 
of intermolecular linkages (BRANDTZAEG and ROGNUM 1983, 1984a, b; see 
VALNES et al. 1984 for further information). Masking may also result from cross
linking with other proteins as shown by VALNES et al. (1984) and this can be 
prevented by protease pretreatment (see RADASZKIEWICZ and DENK 1982 for 
further information). 

7 Fixation and Embedding Procedures 

Fixation and embedding may destroy and/or mask antigenic determinants. On 
the other hand, however, formaldehyde fixation diminishes the net positive 
charge of tissues by blocking amino groups and, consequently, inhibits electro
static (nonspecific) attraction of antibodies. In immunohistochemistry, adequate 
fixation causes a rapid and total immobilization of the antigens along with 
a sufficient preservation of antigenicity and maintenance of accessibility of the 
antigens to the immunochemical reagents. However, excellent tissue preservation 
and antigenicity are often mutually exclusive and therefore compromises have 
to be made. 

Particularly detrimental to antigenicity may be the denaturing effect of alde
hyde fixatives (e.g. formaldehyde) at low antigen concentrations. With IgA and 
IgG as antigens, BRANDTZAEG and ROGNUM (1983, 1984a, b) found that the 
concentration of IgG detectable in formaldehyde-fixed specimens had to be 
8 times higher than in ethanol-fixed ones. The difference was less pronounced 
with IgA. In Bouin - and Susa - fixed material more than 150 times higher 
antigen concentrations were required for the detection of IgG, but only 3-8 
times higher for IgA (BRANDTZAEG and ROGNUM 1984a, b) indicating the influ
ence of chemical structure, substrate matrix, and other variables. 

Antigenic masking by aldehyde fixatives not only depends on the antigen 
concentration but also on environmental proteins surrounding the antigen which 
may prevent antigen - antibody interaction by steric hindrance (see BRANDTZAEG 
and ROGNUM 1983). 

However, even fixatives which cross-link proteins and which are commonly 
used in pathology, like buffered formaldehyde solution, paraformaldehyde or 
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Bouin's fixative can yield satisfactory results in immunohistochemistry (RADASZ
KIEWICZ and DENK 1979; BRANDTZAEG and ROGNUM 1983, 1984a, b; NATHRATH 
et al. 1985; HOPWOOD 1985; VAN EWIJK et al. 1984; BEROD et al. 1981; CURRAN 
and GREGORY 1980; MEPHAN 1982; JUDD and BRITTEN 1982). Glutaraldehyde 
mixed in low concentrations with formaldehyde or paraformaldehyde often gives 
positive results, but destroys most of the antigenic determinants if applied in 
higher concentrations (see RADAszKmWIcz and DENK 1982 for references and 
further information). Alternative fixatives are dimethylsuperimidate (reacting 
specifically with the e-amino-groups of lysine) and periodate-Iysine-paraformal
dehyde (McLEAN and NAKANE 1979; see also RADASZKmWICZ and DENK 1982) 
which acts by oxidation ofmembra:ne carbohydrates to aldehydes (by periodate) 
and cross-linking via the amino groups of lysine. This fixation procedure, there
fore, stabilizes carbohydrate moieties with preservation of antigenic sites 
(McLEAN and NAKANE 1979) and has been found to be suitable for a variety 
of immunohistochemical reactions, including those performed with monoclonal 
antibodies on paraffin-embedded material (BRENES et al. 1986; HANCOCK et al. 
1982). Fixation time is usually not critical, but prolonged fixation (several days) 
may adversely affect antigenicity (BRENES et al. 1986 for further information). 

Alteration of antigenicity may be prevented by using dehydrating substances 
for fixation instead of aldehyde fixatives, such as ethanol, methanol, ethanol
acetic acid, chloroform or ethyl ether which act by protein precipitation. Etha
nol, however, does not immobilize all protein antigens equally well in order 
to resist prolonged incubation and washing procedures during immunohisto
chemical staining (BRANDTZAEG and ROGNUM 1983). 

During routine paraffin embedding procedures temperature-dependent de
struction of antigenic determinants may occur which can be prevented by using 
paraffins with lower melting points instead of the conventional paraffin. The 
paraffin embedding procedure designed by SAINTE-MARm (1962) after alcohol 
fixation and dehydration at low temperature (4° C) leads to excellent antigen 
preservation but is less practicable in routine pathology. An expanded range 
of antigens can also be detected in paraffin-embedded tissue after freeze-drying 
(JUDD and BRITTEN 1982; STEIN et al. 1984) or acetone fixation (JUDD and 
BRITTEN 1982; TANAKA et al. 1984). Several antigens can be demonstrated in 
plastic-embedded tissue sections after previous fixation in (1 %) paraformalde
hyde and digestion with trypsin (BECKSTEAD 1985) or in undecalcified methyl
methacrylate - embedded formalin-fixed bone biopsies (SCHRODER and DELLING 
1986). 

In conclusion, therefore, it does not seem to be possible to develop a fixative 
of general applicability but the techniques should be modified depending on 
the antigens, the antibodies, and the methods to be applied. 

Immunhistochemistry is complicated if material requiring decalcification has 
to be processed (MATHEWS and MASSON 1984). MATHEWS and MASSON (1984) 
demonstrated that treatment of tissues with neutral EDT A, formic, or acetic 
acid after formalin fixation combined with trypsin treatment did not adversely 
affect immunoreactivity of a variety of antigens, including immunoglobulins, 
factor VIII-related antigen, lysozyme and keratin. However, with decalcifying 
agents containing mineral acids unreliable results were obtained. Under these 
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conditions, trypsin concentration and duration of treatment had to be reduced 
in most cases after extended periods of decalcification, although with some 
decalcifying agents the tissue was refractory to trypsin action (for detailed infor
mation consult MATHEWS and MASSON 1984). 

MULLINK et al. (1985) regard fixation in a mercuric chloride - formaldehyde 
mixture followed by decalcification in acetic acid-formaldehyde-saline as the 
best procedure for antigen preservation (including CEA and lysozyme) and 
protection of morphological details in paraffin-embedded human bone marrow 
biopsies. Trypsinization was usually not needed except for the demonstration 
of factor VIII-related antigen in megakaryocytes. To date it appears that not 
all markers specific for a certain cell type (say, lymphocyte subsets) can be 
detected under these circumstances. Frozen sections are often required. 

8 Proteases and Other Pretreatments 

Specific immunostaining of several (but not all) antigens can be enhanced by 
pretreatment of dewaxed sections with proteases, such as pronase and trypsin 
(see DENK et al. 1977; RADASZKIEWICZ and DENK 1982). Among the various 
enzymes tested, including pronase, papain, pepsin, trypsin, hyaluronidase (for 
demonstration of fibronectin; HOLUND and CLEMMENSEN 1982; see also DENK 
et al. 1977; PINKUS et al. 1985; CURRAN and GREGORY 1978; HUANG et al. 1976; 
MEPHAM et al. 1979) trypsin seems to be the most suitable in the hands of 
most authors since its action is easily controlled and structural details of the 
section are better preserved. Trypsin hydrolyzes arginine-lysine bonds. Attention 
to the type of trypsin as well as to incubation times is essential and the results 
may vary accordingly (see PINKUS et al. 1985; HAJDU 1983). The mechanism 
of the beneficial effect of protease pretreatment, however, is not fully elucidated. 
According to HUANG et al. (1976) certain immunoreactive sites are unmasked, 
due eventually to release of protein cross-links, and more antigenic sites become 
available to interaction with the antibody (see also RADASZKIEWICZ and DENK 
1982 for further information). However, individual treatment is needed and 
optimal regimens should be assessed in pilot studies for different fixation condi
tions and antigens. Common fixatives, such as formalin-mercury, Bouin and 
Carnoy, formalin-acetic acid, fix immunoglobulins at least in such a way that 
antigenicity is preserved and demonstrable without protease pretreatment. How
ever, in tissues fixed with neutral (buffered) formalin, the demonstration of 
certain antigens (immunoglobulins) requires pretreatment with proteolytic en
zymes (MEPHAM 1982). A number of fixatives were also tested, particularly 
with respect to their effects on immunoglobulins, by CURRAN and GREGORY 
(1980). Sections of tonsil fixed with buffered (4%) formaldehyde revealed posi
tive immunostaining (PAP method) only after trypsinization, whereas enzyme 
pretreatment was not required with tissues fixed with Bouin's or Carnoy's fluid, 
with solutions containing mercuric chloride, and particularly with formol-saline 
containing (2-10%) acetic acid, as well as with a combination of acetic acid 
(10%) - formol-saline and formol sublimate (CURRAN and GREGORY 1980). 
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9 Specificity and Pitfalls 

The specificity of the immunohistochemical staining reaction has to be thor
oughly established and should be evaluated with respect to antibody and method 
specificity (see VAN LEEUWEN 1986). 

Affinity purification of antibodies on Sepharose-4B-CNBr columns to which 
the antigen is coupled or on gels containing antigens separated by SDS-poly
acrylamide gel electrophoresis is a practical method to reveal mono specific anti
bodies (see DE MEY 1983 for review). Considerable progress regarding specificity 
has been made by the development of the hybridoma technology for production 
of monoclonal antibodies. Moreover, this technique creates the potential for 
obtaining large amounts of antibodies against a specific antigenic determinant 
even if impure antigens are used for immunization, and is thus important in 
oncology, for example to detect tumor-specific antigens (see DIAMOND and 
SCHARFF 1982; BHAN 1984). Disadvantages are the often poor avidity and stabili
ty of monoclonal antibodies and the possibility of cross-reactivity (DIAMOND 
and SCHARFF 1982). 

The identification and characterization of the antigen recognized by the 
antibodies is another basis for specific immunohistochemistry. This can be 
achieved by immunoprecipitation, immunoblotting procedures and radioimmu
noassay (VAN NOORDEN and POLLAK 1983; DE MEY 1983 for review). Method 
specificity can be checked by absorption of primary antibodies with their respec
tive antigens or omission of one of the reagents of the staining sequences. 

False positive results may be caused by peroxidase-like activity in haeme 
(in erythrocytes) which is blocked by methanol/H20 2 • Endogenous peroxidase 
(catalase in peroxisomes and cytochrome c in mitochondria) is capable of react
ing with DAB-H202 but is inhibited by methanol, nitroferricyanide or phenyl
hydrazine, as well as (10%) methanol and (3%) H 2 0 2 • Free reactive groups 
in the tissue may lead to non-specific binding of IgG (particularly after aldehyde 
fixation) and this is prevented by pretreatment with normal serum (not recog
nized by the immunoreagents), borohydride, serum albumin, or buffers contain
ing lysine, glycine, or TRIS. Charged groups within proteins can be responsible 
for ionic interactions with antibodies which can be minimized with buffers with 
increased ionic strength (e.g. 0.5 M NaCl). Moreover, incubation of tissue sec
tions at pH 8.6 also minimizes the influence of ionic charges since IgG has 
an isoelectric point at 8.6. Hydrophobic interactions of antibodies and labels 
with hydrophobic tissue components can be prevented by addition of Triton 
X-l00 to the media. Immunoglobulin aggregates (eliminated by dilution or high 
speed centrifugation) may adhere nonspecifically to hydrophobic tissue compo
nents (or embedding media). Natural and contaminating antibodies (due to 
impurities of the antigen preparation used for immunization) should also be 
considered as source of false-positive results. In frozen sections, unwanted non
specific background staining by the ABC method may occur in liver, pancreas 
and kidney, possibly due to the presence of biotin or related substances reacting 
with avidin. This non-specific binding can be abolished by pretreatment of 
the section with avidin followed by biotin (Hsu and RAINE 1984). Non-specific 
avidin binding can also be induced by the presence of endogenous lectins (for 
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example, in nerve fibers) which react with mannose-containing glycoproteins, 
such as avidin. This unwanted reactivity can be blocked by pretreatment with 
alpha-methyl-D-mannoside (Hsu and RAINE 1984). The reaction of mast cell 
granules with ABC in frozen as well as paraffin sections can be prevented 
by using the ABC solution at pH 9.4 (BUSSOLATI and GUGLIOTTA 1983). 

False negative results may be due to modification of antigenic sites by fixa
tion, dehydration and embedding procedures. Antigen-antibody interaction may 
be hampered by impaired antibody penetration, which is then facilitated by 
non-ionic detergents (Triton X-100, 0.1-0.5%). Steric hindrance exerted either 
by embedding medium or associated proteins may also impede interaction of 
antibodies with the antigen. In the unlabeled antibody-enzyme method, a high 
concentration of antigen within the tissue section and insufficient dilution of 
the primary antibodies may prevent bridge formation by the second antibody 
(see VAN LEEUWEN 1986 for references). 

10 Outlook 

Immunohistochemistry has contributed considerably to our understanding of 
basic biological processes but also to refinement of histopathologic evaluation. 
It plays a particularly valuable role in tumor histopathology, provided strict 
controls and critical interpretation are used. The immunohistochemical demon
stration of a given substance depends on several factors, including quantity 
and quality of the antigen to be determined, antibody reactivity and the reliabili
ty and efficiency of the immunohistochemical procedure employed. Commercial 
institutions now playa major role in provision of reagents as well as in specificity 
testing. This should, however, not obscure the fact that valuable information 
in histopathology can only be obtained by those who understand the basic 
principles and pitfalls of the reactions and who are experienced in histopatholog
ical diagnosis. 
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The concept of morphological tumor markers is derived from the fact that 
tumor cells express a specific, albeit limited, program of differentiation that 
usually represents at least a part of the differentiation program of the putative 
cell of origin. Epithelial tumor markers, which are discussed in this and the 
following contributions, should facilitate the identification and characterization 
of poorly differentiated and/or metastatic epithelial tumors in tissue sections, 
even though the morphological appearance of such neoplasms may be uncharac
teristic. 

The epithelial cell system is highly complex. Thus, the process of epithelial 
differentiation does not simply involve a single cell type but rather a variety 
of cell forms of different histogenetic origin that differ widely with respect 
to their structure and function. However, normal epithelial cells have several 
morphological features in common, most notable the presence of desmosomes 
(maculae adhaerentes) and tonofilaments. Malignant epithelial tumors may lose 
these features to varying degrees, resulting in the absence of a recognizable 
epithelial morphology in certain anaplastic epithelium-derived tumors, even at 
the electron microscope level (GHADIALLY 1980). Recently, in diagnostic histo-
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pathology, molecular components that are specifically expressed in epithelial 
cells have acquired great importance as epithelial tumor markers or, more cor
rectly, epithelial differentiation markers. Such markers have two main applica
tions, i.e., in distinguishing epithelial from nonepithelial tumors, and in distin
guishing different types of epithelial tumors. The present chapter is concerned 
with cytokeratins, a family of cytoskeletal proteins that have been convincingly 
demonstrated to be very reliable epithelial markers. Moreover, there is an in
creasing body of evidence indicating that the individual proteins of this family 
can be used for the subtyping of different epithelia and different epithelial tu
mors. 

2 Cytokeratin as a General Marker of Epithelia 

2.1 Cytokeratin-type Intermediate Filaments 

Intermediate-sized filaments (intermediate filaments) are a ubiquitous cytoplas
mic filament system (filament diameter, about 10 nm) and are part of the cyto
skeleton. These filaments can be divided into five classes (cytokeratin, vimentin, 
desmin, glial filaments, and neurofilaments) on the basis of their protein compo
sition, which is differentiation specific (for reviews see LAZARIDES 1980; FRANKE 
et al. 1982; OSBORN and WEBER 1983). 

Cytokeratin filaments are expressed in epithelial cells. At the electron micro
scope level, they are indistinguishable from other types of intermediate filaments, 
being arranged in loose bundles or, in stratified squamous epithelia, occuring 
as tonofilaments that form densely packed bundles (tonofibrils). A typical fea
ture of cytokeratin filaments is their association with the cytoplasmic plaques 
of desmosomes. In certain exceptional cases, they may be present in the form 
of paranuclear globular aggregates, also referred to as fibrous bodies (RACADOT 
et al. 1964; see Section 2.6). 

2.2 Distribution of Cytokeratin Filaments in Normal Tissues 

In 1978, using immunofluorescence microscopy, it was found that antibodies 
raised against prekeratin (a-keratin) obtained from epidermis react with filament 
arrays in cultured cells of diverse origin, including simple epithelia of the mam
mary gland and kidneys as well as in a number of epithelial tissues, even though 
keratinization is completely absent in these cell types (FRANKE et al. 1978a, 
b; SUN and GREEN 1978). Since then a-keratin related proteins have been de
tected in all types of epithelial cells (FRANKE et al. 1979a, 1981a-d; SUN et al. 
1979) and have been collectively termed cytokeratins or keratins. As these poly
peptides are related to each other (see Section 3.1), they have certain antigenic 
determinants in common. Therefore, certain polyclonal (FRANKE et al. 1981 a) 
and monoclonal (Table 1) antibodies are capable of detecting the cytokeratin 
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Table 1. Broad-spectrum cytokeratin antibodies 

Antibody Cytokeratin polypeptides recognized 

KG 8.13 
AE 3 
Clone 80 
LP 34 
lu-5 

KL-1" 

CKs nos. 1, 5,6,7,8, 18 
CKs nos. 1-8 
Basic CKs (including CKs nos. 1 and 5) 
Several CKs 
Most CKs 

Epidermal CKs (55-57 KD polypeptide group)b 

a Basal layer of stratified squamous epithelia negative 
b No biochemical data for non-epidermal CKs available 

References 

GIGI et al. 1982 
TSENG et al. 1982; COOPER et al. 1985 
VAN MUIJEN et al. 1984 
LANE et al. 1985 
VON OVERBECK et al. 1985; 

FRANKE WW, unpublished 
VIAC et al. 1983 

filaments present in all epithelial cells; these antibodies can be regarded as 
being broad-spectrum cytokeratin antibodies (Table 1). 

In normal tissues, the cytokeratin filaments recognized by such broad-spec
trum cytokeratin antibodies have been found (usually arranged in fibrillar cyto
plasmic arrays) in all cell types that, according to the classical definition, are 
considered to be epithelial cells. Thus, cytokeratin filaments are not only ex
pressed in the epidermis - the classical tissue of keratin research - but also 
in all types of noncornifying stratified squamous epithelia, pseudo stratified epi
thelia, myoepithelial cells, and even simple epithelia (FRANKE et al. 1978a, 
1979a, 1980, 1981 a; SUN et al. 1979; ALTMANNSBERGER et al. 1981 b; OSBORN 
and WEBER 1983), including epithelia of mesodermal origin, e.g., renal tubular 
cells (BACHMANN et al. 1983; RAMAEKERS et al. 1983c; HOLTHOFER et al. 1984), 
epithelial cells of the upper male and female genital tract (CZERNOBILSKY et al. 
1985; ACHTSTATTER et al. 1985), and mesothelial cells lacking any connection 
with other epithelial surfaces of the body. Cytokeratin filaments are also present 
in most endocrine cells (HOEFLER et al. 1984a; RAMAEKERS et al. 1983c; MIET
TINEN et al. 1984a, 1985a-<.:; VAN MUIJEN et al. 1984a), including cells of the 
dispersed neuroendocrine system (HOEFLER and DENK 1984) such as Merkel 
cells of the skin (MOLL et al. 1984), which thus are also true epithelial cells 
in spite of their simultaneous expression of neural features. 

Numerous studies have shown that nonepithelial cells lack cytokeratin filaments. These cytokera
tin-negative cells include the various types of mesenchymal cells, myogenic cells, neuronal cells, 
glial cells, and melanocytes which, in tum, are characterized by the presence of other types of 
intermediate filaments (for a review see OSBORN and WEBER 1983). Certain epithelioid tissues, e.g., 
the so-called lens epithelium (RAMAEKERS et al. 1980), the pigment epithelium of the retina (at least 
in chicken), Sertoli cells (FRANKE et al. 1979 b; for the detection of occasional cytokeratin-positive 
cells in human seminiferous tubules, see MIETTINEN et al. 1985d), glomerular podocytes (BACHMANN 
et al. 1983; RAMAEKERS et al. 1983c; HOLTHOFER et al. 1984), and vascular endothelium (FRANKE 
et al. 1979c) are also cytokeratin negative, whereas they do express vimentin filaments. These cell 
types cannot, however, be regarded as being truly epithelial because they contain neither desmosomes 
nor tonofilaments. Immunohistochemical staining of certain muscle cells for cytoceratins has been 
reported by HUITFELDT and BRANDTZAEG (1985). 

Thus, cytokeratin (as recognized by broad-spectrum antibodies) can be re
garded as being a general, a specific, and, perhaps, the best marker of epithelial 
differentiation. 
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Fig. 1 a-d. Immunocytochemical detection of cytokeratin in epithelial tumors, using broad-spectrum 
cytokeratin antibodies. a Anaplastic carcinoma, peritoneal metastasis (primary tumor probably in 
ovary), strongly positive with cytokeratin antibody AE1/AE3 (paraffin section; ABC-peroxidase). 
b Lymphangiosis carcinomatosa derived from an adenocarcinoma of the stomach, showing strong 
staining of individual tumor cells in a lymphatic vessel close to a lymph node with cytokeratin 
antibody AE1/AE3 (paraffin section; ABC-peroxidase). c, d Disparately growing tumor cells in 
a skin metastasis of a breast carcinoma, which are hard to recognize in HE-staining (c), are clearly 
identified by the cytokeratin antibody (d; antibody AE1/AE3; paraffin section; immunofluorescence 
microscopy). a, b x 240; c, d x 190 

2.3 Expression of Cytokeratin Filaments in Malignant Tumors 

From the observation that cultured carcinoma cells such as HeLa cells (a cell 
line derived from a cervical adenocarcinoma) contain intermediate filaments 
of the cytokeratin type (sometimes together with vimentin filaments), FRANKE 
et al. (1978a, 1979d) proposed the use of intermediate-filament antibodies for 
demonstrating whether a given tumor is of epithelial origin. Using available 
broad-spectrum cytokeratin antibodies, it has since been found that malignant 
epithelial tumors, including their metastases, consistently maintain the expres
sion of cytokeratin-type intermediate filaments (Fig. 1 a; BANNASCH et al. 1980; 
BATTIFORA et al. 1980; LONING et al. 1980; SCHLEGEL et al. 1980; ALTMANNS
BERGER et al. 1981 a; CASELITZ et al. 1981; GABBIANI et al. 1981; SIEINSKl et al. 
1981). Numerous recent studies have further confirmed and demonstrated that 
the expression of cytokeratin filaments is a constant feature of all carcinomas, 
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Table 2. Cytokeratin-positive tumors 

Tumor type 

Squamous cell carcinomas (skin. upper digestive and respiratory tract, lung, cervix 
uteri) 

Nasopharyngeal carcinomas (including lymphoepitheliomas) 
Thymomas 
Transitional cell carcinomas 
Adenocarcinomas (lung, breast, gastrointestinal tract, female genital tract, prostate) 
Choroid plexus carcinomas 
Renal cell carcinomas a 

Adenomatoid tumors 
Malignant mesotheliomas (epithelial, fibrous) 
Chordomas 
Adamantinomas 
Synovial sarcomas 
Epithelioid sarcomas 
Thyroid carcinomas 
Adrenal cortical carcinomas b 

Epithelial neuroendocrine tumors (Merkel cell carcinomas, carcinoid tumors, 
islet cell tumors, medullary carcinomas of thyroid, small cell carcinomas of lung) 

Embryonal carcinomas, teratocarcinomas, choriocarcinomas, endodermal sinus 
tumors 

Undifferentiated/anaplastic carcinomas 

a Rare cases cytokeratin-negative but vimentin-positive 
b 13 of 25 cases were cytokeratin-positive 

References 

1 
2 
3 

1 
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5 
6 
7 
8 
9 
10 
11 
12 
13 

14 

15 
1, 16 
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1981; AL TMANNSBERGER et al. 1981 a, 1982; SIEINSKI et al. 1981; CASELITZ et al. 1981; ESPINOZA 
and AZAR 1982; NAGLE et al. 1983; SABA et al. 1983; RAMAEKERS et al. 1983b, c; MAKIN et al. 
1984; PINKUS et al. 1986; 2 MIETTINEN et al. 1982b; MADRI and BARWICK 1982; 3 BATTIFORA et al. 
1980; LOENING et al. 1981; 4 MIETTINEN et al. 1986; 5 HOLTHOFER et al. 1983; HERMAN et al. 1983; 
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pp. 155-178; 11 CHASE et al. 1984; see also pp. 155-178; 12 MIETTINEN et al. 1984a; 13 MIETTINEN 
et al. 1985c; 14 For references, see Section 2.6; 15 KAHN et al. 1983; BATTIFORA et al. 1984; MIETTINEN 
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irrespective of their degree of differentiation (for reviews, see OSBORN and WEBER 
1983; RAMAEKERS et al. 1983c; MIETTINEN et al. 1984b; ERLANDSON 1984; COR
SON 1986). The various types of malignant tumors which have been found to 
be cytokeratin positive are listed in Table 2. In contrast to other epithelial 
markers such as epithelial membrane antigen (EMA; PINKUS and KURTIN 1985; 
PINKUS et al. 1986), cytokeratin filaments are usually uniformly distributed 
among carcinoma cells. In view of the steadily accumulating data concerning 
the heterogeneity of tumor cell populations (FIDLER et al. 1978; NICOLSON 1984), 
the degree of stability of cytokeratin expression in tumors is remarkably high. 
Therefore, cytokeratin is also a reliable marker for undifferentiated and anaplas
tic carcinomas (Fig. 1 a), for disparately growing infiltrating carcinoma cells 
(Fig. 1 c, d), for metastasizing single carcinoma cells in lymph nodes and the 
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bone marrow (Fig. 1 b), and for isolated carcinoma cells in suspension, e.g., 
in effusions and other body fluids. 

Tumors containing spindle cells of a sarcomatoid appearance, e.g., mesothe
liomas of the fibrous type, monophasic synovial sarcomas, and some carcinomas 
of the kidneys, skin (CORSON 1986), and other sites, are cytokeratin positive 
(Table 2) and are thus of an epithelial nature (for the co-expression of vimentin, 
see Section 2.5); this is in good agreement with the presence of epithelial features 
such as desmosomes in these tumors, as revealed by ultrastructural investigations 
(GHADIALLY 1980; ERLANDSON 1981). These findings are of particular impor
tance for differential diagnosis, for they make it possible to distinguish such 
tumors from true sarcomas. Cytokeratin is also present in the epithelial sub
group of neuroendocrine tumors, sometimes occurring simultaneously with neu
rofilaments (see Section 2.6). 

In certain rare tumors, the expression of cytokeratin appears to be confined to a sUbpopulation 
of cells. This has been reported for adrenal cortical carcinomas, some of which may also exhibit 
the complete absence of cytokeratin immunoreactivity (MIETIINEN et al. 1985b), suggesting that 
the extent of epithelial differentiation in these tumors is very low and variable. Certain tumors 
consisting mainly of vimentin-positive tumor cells, including granulosa cell tumors of the ovaries 
(CZERNOBILSKY et al. 1987), skeletal and extraskeletal Ewing's sarcomas (MOLL et al. 1987), and 
seminomas (MIETTINEN et al. 1985d; RAMAEKERS et al. 1985a; DENK et al. 1986) contain sparsely 
distributed, scattered cytokeratin-positive tumor cells. These tumors are also characterized by the 
presence of variable numbers of desmoplakin-positive true desmosomes (for the distribution of des
moplakin in human tumors, see MOLL et al. 1986a). 

Nonepithelial tumors, including sarcomas, malignant fibrous histiocytomas, lymphomas, malig
nant melanomas, Schwannomas, gliomas, neuroblastomas, and pheochromocytomas are negative 
for cytokeratin proteins, but express other types of intermediate filaments (for references, see OSBORN 
and WEBER 1983; RAMAEKERS et al. 1983c; MIETTINEN et al. 1984b; CORSON 1986). With respect 
to diagnosis, this is especially important when nonepithelial tumors exhibit a solid or epithelioid 
growth pattern as is the case in, for example, some sarcomas, lymphomas, and melanomas that 
only express vimentin filaments. 

2.4 Detection of Cytokeratin Filaments in Formalin-fixed, 
Paraffm-embedded Tissue 

The reliable immunocytochemical detection of cytokeratin filaments is possible in frozen tissue, 
as well as in tissue fixed with alcohol (ALTMANNSBERGER et al. 1981 b) or Methacarn (GOWN and 
VOGEL 1984) and embedded in paraffin. 

When applied to formalin-fixed, paraffin-embedded material, many cytokeratin antibodies yield 
false-negative or misleadingly irregular results. Unfortunately, in many cases, only routinely fixed 
material may be available. This has prompted the search for conditions which allow the detection 
of cytokeratins in such material (see also pp.47-69). The broad-spectrum cytokeratin antibodies 
that are reactive with formalin-fixed, paraffin-embedded tissue are listed in Table 3; among these, 
the antibody lu-5 appears to have the broadest spectrum of reactivity. Limited proteolytic digestion 
of sections is essential before incubation with these antibodies. The use of pepsin (MIETIINEN et al. 
1983a; our own findings), trypsin (PINKUS et al. 1985; BATTIFORA and SILVA 1986), and pronase 
(GOWN and VOGEL 1985; our own data) has produced good or, at least, fairly reliable results (Fig. 1). 
However, even when such procedures are applied, negative results obtained in formalin-fixed material 
should be interpreted with caution, since small amounts of cytokeratin filaments may escape detection, 
or the antigens may be damaged during tissue processing. 



Epithelial Tumor Markers: Cytokeratins and Tissue Polypeptide Antigen (TPA) 77 

Table 3. Monoclonal cytokeratin antibodies with broad or extended spectrum reactive on formalin
fixed, paraffin-embedded tissue 

Antibody Cell type spectrum 

lu-5 Broad 

AE1 Extended (secretory simple epithelia a and 
suprabasallayers of epidermis negative) 

KL-1 Extended (basal layer of stratified 
squamous epithelia negative) 

PKK 1 Extended (epidermis negative) 

CAM 5.2 Extended (most hepatocytes and all 
stratified squamous epithelia negative) 

a Hepatocytes, pancreatic acinar cells 

References 

VON OVERBECK et al. 1985 

TSENG et al. 1982; SPAGNOLO et al. 1985; 
PINKUS et al. 1986 

VIAC et al. 1983 

MIETTINEN et al. 1985d; VIRTANEN et al. 
1985 

MAKIN et al. 1984 

2.5 Co-expression of Cytokeratin and Vimentin Filaments 

In epithelial tumors, cytokeratin filaments are usually the only intermediate
filament class present; however, as has been described for cultured epithelial 
and carcinomatous cells (FRANKE et al. 1978a, 1979d, e, 1981 b; VIRTANEN et al. 
1981), certain types of epithelial tumors also express (in the majority of cases) 
vimentin filaments (Table 4; Fig. 2). This phenomenon was first observed in 
cells of pleomorphic adenomas of the parotid gland (CASELITZ et al. 1981; 
KREPLER et al. 1982). The co-expression of cytokeratin and vimentin filaments 
is particularly striking in cells exhibiting a clearly epithelial structure and tumors 
derived therefrom, e.g., certain cells of the endometrial glands and adenocarcino
mas of the endometrium (McNUTT et al. 1985), and the follicle epithelium (B. 
DOCKHORN-DwORNICZAK and W.W. FRANKE, personal communication) and 
follicular and papillary carcinomas of the thyroid gland (MIETTINEN et al. 
1984a). In malignant mesotheliomas, the co-expression of cytokeratin and vi
men tin occurs most consistently in fibrous tumors and areas consisting of spin
dleshaped, fibroblast-like tumor cells, but may also be observed in epithelial-like 
structures of these tumors (BLOBEL et al. 1985b). Here again, tumors can be 
seen to maintain a feature of the corresponding normal cells, i.e., pleural meso
thelium cells (LAROCCA et al. 1984). Normal granulosa cells of the ovary (CZER
NOBILSKY et al. 1985) as well as granulosa cell tumors (CZERNOBILSKY et al. 
1987) co-express both intermediate-filament types. Whereas most renal cell carci
nomas co-express cytokeratin and vimentin (Fig. 2; HERMAN et al. 1983; HOLT
HOFER et al. 1983; WALDHERR and SCHWECHHElMER 1985; PITZ et al. 1987) the 
normal adult kidney tubules exclusively express cytokeratin filaments, thus sug
gesting that, in these tumors, vimentin expression is switched on during tumori
genesis. A rare renal cell carcinoma subtype, the chromophobe cell renal carcino
ma (THoENEs et al. 1985), as well as renal oncocytomas can be distinguished 
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Table 4. Co-expression of cytokeratin and vimentin filaments in malignant tumors 

Tumor type 

Adenoid-cystic carcinomas of salivary gland 
Carcinomas of thyroid gland (follicular, papillary, anaplastic) 
Adenocarcinomas of lung" 
Large cell carcinomas of lung" 
Renal cell carcinomas (except chromophobe type) 
Nephroblastomas b 

Malignant rhabdoid tumors of kidney 
Adenocarcinomas of endometrium 
Carcinomas of ovary" 
Granulosa cell tumors of ovaryC 
Adenocarcinomas of prostate 
Malignant mesotheliomas 
Epithelioid sarcomas 
Chordomas 

" Only a minority of tumors revealed vimentin in addition to cytokeratins 
b Co-expression of cytokeratins and vimentin was found in blastema cells 
C These tumors express predominantly vimentin filaments, as well as desmoplakin 

R. MOLL 
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Fig. 2. Co-expression of cytokeratin filaments (a; monoclonal antibody against CK no. 18; frozen 
sections; immunofluorescence microscopy) and vimentin (b; antibody VIM-9) by the tumor cells 
of a renal cell carcinoma (eosinophilic-granular; tubulo-papillary). Note that the vimentin antibody 
(b) also stains the endothelium of a capillary (C). L, lumen. x 260 

from the common types of renal cell tumors due to their exclusive expression 
of cytokeratin filaments (PITZ et al. 1987). 

It is of interest that many of the tumors that exhibit the co-expression of 
vimentin and cytokeratin are derived from cells of mesodermal origin and, 
therefore, must be histogenetically related to (vimentin-expressing) mesenchymal 
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cells. It is also important to note that the distribution of the expression of 
cytokeratin filaments in most of these tumor types is uniform, underlining their 
true epithelial character, regardless of the co-expression of vimentin. Clearly, 
testing for the presence or absence of cytokeratin-vimentin co-expression is 
of value for differential diagnosis, as this feature appears to be restricted to 
certain carcinoma types (Table 4; see also GOWN and VOGEL 1985; McNuTT 
et al. 1985). 

2.6 Co-expression of Cytokeratin and Neurofilaments 

Recently, another type of intermediate-filament co-expression has been reported, 
i.e., the co-expression of cytokeratin and neurofilaments. This phenomenon 
appears to be a fairly characteristic feature of certain types of epithelial neuroen
docrine tumors (Table 5). 

The co-expression of cytokeratins (of the simple-epithelial type; see Section 
3) and neurofilaments is most consistently found in neuroendocrine (Merkel 
cell) carcinomas of the skin (Fig. 3). In a series of 12 patients with such carcino
mas, both intermediate-filament types were found in frozen tumor samples of 
all of the patients (MOLL et al. 1986b; see also HOEFLER et al. 1984b, 1985). 
In formalin-fixed samples of such tumors, neurofilaments have been detected 
with less frequency (HOEFLER et al. 1984 b; SIBLEY and DAHL 1985). In such 
tumors, some of the filaments are arranged in fibrous bodies (see Section 2.1), 
a feature which is of diagnostic significance. Other types of neuroendocrine 
tumors, including carcinoid tumors of the bronchus and medullary carcinomas 
of the thyroid gland, also exhibit combined cytokeratin and neurofilament ex
pression in some cases (Table 5); moreover, medullary carcinomas sometimes 
express vimentin filaments too. In contrast to earlier reports (LEHTO et al. 1983), 
several recent studies have shown that all small cell carcinomas of the lung 
contain cytokeratin intermediate filaments, and that most, if not all, of them 

Fig. 3. Co-expression of cytokeratin (a; antibody PKK1; frozen sections; immunofluorescence micros
copy) and neurofilaments (b; antibody 2Fll) in a Merkel cell carcinoma of the skin. Note uniform 
positivity for cytokeratin (a), whereas neurofilaments are expressed only by some tumor cells, and 
are mostly arranged in globular aggregates (b). x 380 
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Table 5. Expression of cytokeratin and neurofilaments in epithelial neuroendocrine tumors 

Tumor type Cytokeratin Neurofilament References 

Neuroendocrine (Merkel cell) carcinomas of skin + + 
Carcinoid tumors of bronchus + +/- 2 
Parathyroid adenomas + +/- 3 
Islet cell tumors of pancreas + +/- 4,5 
Medullary carcinomas of thyroid gland a + +/- 6 
Carcinoid tumors of small intestine + -/+ 4, 7 
Small cell carcinomas of lung + 8 

a These tumors may, in addition, express vimentin 
References: 1 HOEFLER et al. 1984b; GOULD et al. 1985; SIBLEY and DAHL 1985; MOLL et al. 1986b; 
2 LEHTO et al. 1985; BLOBEL et al. 1985a; 3 MIETTINEN et al. 1985a; 4 MIETTINEN et al. 1985b; 
5 MOLL et al. 1986a; 6 DROESE et al. 1984; SCHRODER et al. 1986; 7 R. MOLL, unpublished results; 
8 See text for references 

are exclusively cytokeratin posItlve (VAN MUIJEN et al. 1984b; BLOBEL et al. 
1985a; BROERS et al. 1985b; GATTER et al. 1985; Moss et al. 1986). However, 
some 'variant cell lines' cultured from small cell carcinomas of the lung have 
been reported to be neurofilament positive and apparently lack cytokeratin 
filaments (BROERS et al. 1985a). It remains to be seen whether any in situ tumors 
have this phenotype (for the finding of neurofilaments in one case of a poorly 
differentiated squamous cell carcinoma of the lung, see VAN MUIJEN et al. 
1984b). 

Since normal islet cells of the pancreas (MIETTINEN et al. 1985 b) and Merkel 
cells of the skin (MOLL et al. 1984) are exclusively cytokeratin positive, the 
corresponding tumors appear to acquire neurofilament expression during tumor
igenesis. Obviously, the expression of neurofilaments is an optional part of 
the neuroendocrine differentiation program, which also involves the expression 
of other neuronal markers, such as neuron-specific enolase (NSE) and neurose
cretory granules containing chromogranin and neuropeptide hormones. With 
regard to diagnosis, the co-expression of cytokeratin and neurofilaments can 
be used, for example, to distinguish a Merkel cell tumor from a malignant 
lymphoma or from a metastasis of a small cell carcinoma of the lung (MOLL 
et al. 1986b; BATTIFORA and SILVA 1986). 

2.7 Co-expression of Cytokeratin and Glial Filaments 

This rare type of co-expression has been observed in some normal myoepithelial 
cells of the parotid gland as well as in some cells present in pleomorphic ad
enomas (ACHTSTATTER et al. 1986), the latter of which also contain vimentin 
filaments. Cytokeratin, glial, and vimentin filaments may also be present togeth
er in choroid plexus carcinomas (MIETTINEN et al. 1986), but it has yet to be 
shown that they co-exist in individual tumors cells. 
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3 Diversity and Cell-Type Specificity of Cytokeratin Polypeptides 

3.1 The Cytokeratin Family of Proteins 

In contrast to all other classes of intermediate filaments, cytokeratin filaments 
are made up of a highly complex multi gene family of proteins. In studies of 
cytokeratin polypeptides in human tissues, it has been shown that even epider
mal keratinocytes contain several cytokeratin polypeptides (FUCHS and GREEN 
1978, 1979; SUN and GREEN 1978). Nineteen distinct cytokeratin (CK) polypep
tides have been found in the various types of human epithelial cells (CKs nos. 
1-19) ranging in apparent molecular weight from 40,000 to 68,000 (Table 6; 
WINTER et al. 1980; DORAN et al. 1980; FRANKE et al. 1981c; MOLL et al. 1982; 
TSENG et al. 1982; Wu et al. 1982; for reviews, see SUN et al. 1984; QUINLAN 
et al. 1985; COOPER et al. 1985; for the occurrence of a distinct set of eight 
keratin polypeptides in hair-forming cells, which are not discussed here, see 
HElD et al. 1986). 

These polypeptides, all of which contain a central a-helical rod piece with an apparent molecular 
weight of 38,000, are related to each other to varying degrees with respect to their amino acid 
sequences (QUINLAN et al. 1985; FUCHS et al. 1985; MAGIN ct al. 1986). According to their sequence 
relationships, they can be subdivided into a basic (B) subfamily (type II) comprising CKs nos. 
1-8, and an acidic (A) subfamily (type I) comprising CKs nos. 9-19 (Table 6; FUCHS et al. 1981; 
MOLL et al. 1982; SCHILLER et al. 1982; TSENG et al. 1982; HANUKOGLU and FUCHS 1983; KIM 
et al. 1983; WEBER and GEISLER 1984; HATZFELD and FRANKE 1985; STEINERT et al. 1985; COOPER 
et al. 1985). At least one basic and one acidic polypeptide are present in each filament, forming 
heterotypic tetramer complexes (BzAz) that represent the actual subunits of the cytokeratin intermedi
ate filaments (for a review, see QUINLAN et al. 1985). Accordingly, the cytokeratin polypeptides 
within a given cell are always expressed in pairs and in a coordinated fashion, i.e., a basic (type 
II) cytokeratin is always co-expressed with an acidic (type I) partner molecule. 

With respect to the use of cytokeratins as differentiation markers, it is of 
particular importance that cytokeratin pairs are expressed in a differentiation
specific manner; thus, cytokeratin expression is correlated with the various epi
thelial cell types, so that different cytokeratin polypeptide patterns are observed 
in the various types of epithelia (Table 6). 

3.2 Cytokeratin Polypeptide Patterns in Normal Epithelia 

The cytokeratins can be roughly divided, according to their expression spectrum, 
into stratified-epithelium and simple-epithelium-type components. The strati
fied-epithelium-type cytokeratins comprise the higher-molecular-weight polypep
tides of each subfamily, i.e., CKs nos. 1-6 of the basic group, and CKs nos. 
9-17 of the acidic subfamily. Of these, CK no. 5, which is co-expressed with 
CK no. 14 and/or CK no. 17, is found in most stratified squamous epithelia 
as well as (most probably) in the basal cells of pseudostratified epithelia and 
in myoepithelial cells (Table 6; MOLL et al. 1982, 1983a, b; TSENG et al. 1982; 
NELSON and SUN 1983; BLOBEL et al. 1984; COOPER et al. 1985; NAGLE et al. 
1985b; MOLL and FRANKE 1986); therefore, the cytokeratin pairs, 5/14 and 
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Table 6. Cytokeratin polypeptide patterns of nonnal epithelia and epithelial tumors, obtained using 
two-dimensional gel electrophoresis (MOLL et al. 1982; MOLL and FRANKE 1986). For each tumor, 
a typical and representative example is shown. Large dot, high relative proportion; small dot, low 
relative proportion of the respective polypeptide 

Stratified- epithelium type Simple -epithelium 
type 

BASIC 10 ACIDIC BASIC ACIDIC ~ 1 3 4 5 6 11 12 13 14 15 16 17 7 8 18 19 
Molecular weiaht I x 10- 3 68 63 59 58 56 56 55 54 50 50 48 46 54 52.5 45 ill 

1. Normal epithelia 
Stratified squamous epithelia 

EpidermiS • • • • · Non-cornifying strat. squam.eplthelium • • · • · · · · · Corneal epithelium • • • 
HOir follicle outer root sheath • • • · • • · 

Simple epithelia 
Secretory epithelial cells b • • 
Intestinal epithelium • • • Ductal epithelium c • • • • 

Urothelium . · • • • • • 
Mammary gland ducts • • · • • • · • Respirotory epithelium • · • • · • • • 
2 Epithelial tumors 
Squamous cell carcinomas 

Skin . • • . • • · Tongue • • • • • · Lung • • · · • • · • CervIx (moderately differentiated J • • • • · • · CervIx (poorly differentiated J • • • · · • · • · • 
Hepotocellular carcinoma • • Adenocarcinomas 

Colon • • • Pancreas · • • · • Endometrium d · · • • • Breast • • • • Lung • • • • 
Pleural mesothelioma (epithel ial J · · • • • 
Small cell corcinoma of lung · • • • 
Merkel cell carcinoma of skin • • · 
Transitional cell carcinoma I GIl J · . . • • · • 

a The cytokeratin polypeptides no. 2 (molecular weight 65,500; expressed in epidennis) and no. 
9 (molecular weight 64,000; expressed in palmar and plantar epidennis) are not included in this 
table 
b E.g., hepatocytes, pancreatic acinar cells. Proximal and distal tubular cells of the kidney show 
the same pattern 
C E.g., bile ducts, pancreatic ducts, renal collecting ducts 
d CK no. 5 present in this special case but not in all cases 

5/17, can be regarded as being the principal cytokeratin components of stratified 
epithelia. The remaining cytokeratin components of such epithelia are more 
selectively expressed, their presence being correlated with special forms of strati
fied squamous differentiation, and as shown by immunocytochemical study 
(see Table 7), they are usually expressed in more differentiated, suprabasal cells. 
These components include CKs nos. 1, 2, 9, 10, and 11 (typical of epidermis), 
the CK pair 3/12 (specific for corneal epithelium), and the CK pair 4/13 (typi
cally expressed in noncornifying stratified squamous epithelia; Table 6; MOLL 
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Table 7. Selective single-polypeptide-specific cytokeratin antibodies 

Antibody 

1. Antibodies against CK no. 10/11 KK 8.60 
K 92 

2. Antibodies against CK no. 9 

3. Antibodies against CK no. 3 
4. Antibodies against CK no. 4 
5. Antibodies against CK no. 13 

6. Antibodies against CK no. 8 
7. Antibodies against CK no. 18 

8. Antibodies against CK no. 7 
9. Antibodies against CK no. 19 

Guinea pig 
antibodies 

AE 5 
6 B 10 
1 C 7 
2D7 
Troma-1 
CK1-4 
RGE 53 
LE 61 
PKK3 
CK 7 
A 53/B-A2 
BA 16, BA 17 
LP 2K 
Ks 4.62 

References 

HUSZAR et al. 1986 
PULFORD et al. 1985; GAITER et al. 1982, 1984 
KNAPP et al. 1986 

SCHERMER et al. 1986; COOPER et al. 1985 
VAN MUIJEN et al. 1986 
VAN MUIJEN et al. 1986 
VAN MUIJEN et al. 1986 
BRULET et al. 1980; TOLLE et al. 1985 
DEBUS et al. 1982 
RAMAEKERS et al. 1983 a 
LANE et al. 1982, 1985 
VIRTANEN et al. 1985 
TOLLE et al. 1985 
KARSTEN et al. 1985 
BARTEK et al. 1985 
LANE et al. 1985 
GIGI-LEITNER et al. 1986 

et al. 1982; TSENG et al. 1982; for reviews, see COOPER et al. 1985; QUINLAN 
et al. 1985). 

The simple-epithelium-type cytokeratins comprise the lower-molecular-weight 
polypeptides of each subfamily, i.e., CKs nos. 7 and 8 of the basic group, 
and CKs nos. 18 and 19 of the acidic subfamily (Table 6). These can also 
be divided into principal components (the CK pair 8/18) that are expressed 
in all simple epithelia, and more specific components; the latter include CK 
no. 19, which is found in ductal as well as in intestinal epithelium, and CK 
no. 7, which exhibits a much more restricted distribution (Table 6; MOLL et al. 
1982; TSENG et al. 1982). 

In complex epithelia such as the mammary gland epithelium (consisting 
of luminal and myoepithelial cells) and the respiratory epithelium, the different 
cell types present often express different cytokeratin polypeptides, resulting in 
complex patterns when pieces of whole epithelium are analyzed biochemically 
(Table 6; MOLL et al. 1982). Usually, the luminal cells of these complex epithelia 
express simple-epithelial-type components, while the basal or myoepithelial cells 
most likely contain stratified-epithelial-type components (mainly the CK pairs 
5/14 or 5/17). Certain cytokeratins are heterogeneously distributed even within 
a particular epithelial cell layer, e.g., CKs nos. 4 and 13, which are expressed 
in single cells or in small groups of cells in the glandular epithelium of the 
prostate gland (V AN MUIJEN et al. 1986). 

3.3 Selective Cytokeratin Antibodies 

The biochemical diversity of cytokeratin polypeptides is reflected by the bewil
dering complexity and number of cytokeratin antibodies with different specifici-
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ties that have been and are being developed. Selective cytokeratin antibodies 
are able to resolve expression differences within single cells, and the application 
of such antibodies is essential when cytokeratin typing is used for tumor diagno
sis (Section 3.4). These antibodies, most of which are monoclonal antibodies, 
have been characterized to varying extents using immunocytochemical screening 
and biochemicaljimmunochemical tests. Selective cytokeratin antibodies can be 
divided into two main classes: 

1. Group-specific Antibodies. These recognize two or more different cytokeratin 
polypeptides but, immunocytochemically, exhibit selectivity for certain types 
of epithelia. 

Antibodies with a relatively extensive cell-type spectrum (being unreactive only with certain 
secretory epithelia such as hepatocytes and pancreatic acinar cells) fall into this class, e.g., some 
polyclonal antibodies against keratins from bovine hoof and muzzle epidermis (FRANKE et al. 1978b, 
1979a) and human stratum corneum (SUN et al. 1979), as well as the monoclonal antibodies 34~E12 
(GOWN and VOGEL 1982, 1984, 1985), clone 77 (VAN MUIJEN et al. 1984a), PKK2 (VIRTANEN et al. 
1985), EKH4 (recognizing CK no. 14 and other cytokeratins; ETO et al. 1985), AE1 (recognizing 
many cytokeratins of the acidic subfamily; TSENG et al. 1982; COOPER et al. 1985), KA4 (NAGLE 
et al. 1985a, b), and LICR-LON-29b (KNIGHT et al. 1985). Other monoclonal antibodies decorate 
stratified squamous epithelia and myoepithelial/basal cells, e.g., KAI (NAGLE et al. 1985b), CK 
B1 (CASELITZ et al. 1986a, b), and LICR-LON-16a (KNIGHT et al. 1985). 

Monoclonal antibodies that selectively or preferentially stain stratified squamous epithelia include 
clone 78 (VAN MUIJEN et al. 1984a), 34J3B4 (GOWN and VOGEL 1984), ZK 61 and ZK 99 (LANG 
et al. 1986), and Ks8.12 (directed against CKs nos. 13 and 16; HUSZAR et al. 1986). Some monoclonal 
antibodies mainly react with the epidermis, e.g., K20 (GATTER et al. 1982, 1984; PULFORD et al. 
1985), AE2 (against CKs nos. 1, 2, and 10; TSENG et al. 1982; COOPER et al. 1985), RKSE 60 
(RAMAEKERS et al. 1985b), and KA5 (NAGLE et al. 1985a, b); of these antibodies, the last three 
do not decorate basal epidermal cells. Other antibodies react preferentially with simple epithelia 
and recognize at least CKs nos. 8, 18, and 19, e.g., PKKI (HOLTHOFER et al. 1983; MIETTINEN 
et al. 1985a; VIRTANEN et al. 1985). 

Only for some of these group-specific antibodies has the exact spectrum 
of cytokeratin polypeptides that they recognize been determined. 

2. Polypeptide-specific Antibodies. These are reactive with only a single cytokera
tin polypeptide. At present, antibodies are available for at least nine of the 
cytokeratin polypeptides (Table 7). Antibodies of this class have been most 
important for elucidating the correlation between the pattern of cytokeratin 
expression and cellular differentiation. The most frequently used antibodies of 
this type are those directed against CK no. 18, which recognize simple epithelia 
and distinguish them from stratified squamous epithelia. The application of 
these antibodies for the sUbtyping of carcinomas (see Fig. 4) will be discussed 
in Section 3.4. 

A negative immunocytochemical reaction with selective cytokeratin anti
bodies does not necessarily indicate the absence of the respective cytokeratin 
polypeptide(s), since the antigenic determinants may be masked (see also COOPER 

et al. 1985). Most polypeptide-specific cytokeratin antibodies do not react with 
formalin-fixed, paraffin-embedded tissue. 
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Fig. 4a-f. Detection of individual cytokeratin polypeptides in carcinomas using selective cytokeratin 
antibodies (frozen sections; immunofluorescence microscopy). a In a cornifying squamous cell carci
noma of the skin, antibody KK8.60 against CKs nos. 10/11 stains a prominent proportion of tumor 
cells with central location within the tumor cell nodule (arrowheads denote the tumor-stroma(S)
interface). b Poorly differentiated squamous cell carcinoma of the palatine tonsil positive for antibody 
lC7 against CK no. 13. c, d Lymphnode metastasis of a transitional cell carcinoma of the urinary 
bladder, uniformly positive with an antibody (Ks18.18) against CK no. 18 (c), and heterogeneously 
positive with antibody 1 C7 against CK no. 13; the latter polypeptide is characteristic of transitional 
cell (and squamous cell) carcinomas. e Non-cornifying squamous cell carcinoma of the lung showing 
heterogeneous staining with antibody CK-2 against the simple-epithelial-type CK no. 18. S, stroma. 
f Adenocarcinoma of the colon, uniformly positive with antibody CK-2 against CK no. 18. a, 
b, d, f x 240, c x 190, e x 300 
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3.4 Differential Expression of Cytokeratin Polypeptides in Carcinomas 

The finding of the cell-type specificity of cytokeratin polypeptide patterns has 
prompted the question as to whether analysis of the individual cytokeratin 
polypeptides present in carcinomas and their metastases may reveal the type 
of carcinoma and the epithelium of origin, as has been suggested by FRANKE 
et al. (1981 c). Table 6 shows the typical cytokeratin polypeptide patterns of 
various types of epithelial tumors as determined using gel electrophoresis (MOLL 
et al. 1982, 1983a; QUINLAN et al. 1985; MOLL and FRANKE 1986). Complemen
tary immunocytochemical data have been obtained by several investigators using 
selective cytokeratin antibodies. 

Squamous cell carcinomas of various localizations are primarily character
ized by the predominance of stratified-epithelium-type cytokeratins, a feature 
which distinguishes them from non squamous cell carcinomas (MOLL et al. 1982, 

-1983a, b; NELSON et al. 1984). Squamous cell carcinomas of the skin usually 
additionally express small amounts of the epidermis-typical CK pair 1 and 
10/11, indicating a limited amount of terminal epidermal differentiation; anti
bodies directed against these cytokeratins stain a variable proportion of the 
cells of such tumors (Fig. 4a; LOENING et al. 1980; VIAC et al. 1982; GATTER 
et al. 1982; THOMAS et al. 1984; HUSZAR et al. 1986). CK no. 1 has not been 
detected in squamous cell carcinomas of the oral cavity and esophagus, which 
exhibit a relatively primitive, predominantly stratified-epithelium-type pattern 
(Table 6; Fig. 4b; MOLL et al. 1982, 1983a; NELSON et al. 1984; FUCHS et al. 
1984); rather, they may contain small amounts of the simple-epithelium-type 
CK no. 19, which is also found in normal stratified squamous epithelia of 
the mucosae in the basal cell layer (BARTEK et al. 1986; FRANKE et al. 1986). 

In contrast, squamous cell carcinomas of the lung and cervix are characterized 
by very complex cytokeratin patterns, in which stratified-epithelium-type cyto
keratins are predominant, but simple-epithelium-type cytokeratins are also con
spicuous (Table 6; MOLL et al. 1983b; BLOBEL et al. 1984; FUCHS et al. 1984; 
MOLL and FRANKE 1986; see also SAID et al. 1983; BANKS-SCHLEGEL et al. 1984). 
Accordingly, these tumors are positive, albeit heterogeneously (i.e., only in some 
cells), for antibodies against the simple-epithelium-type CKs nos. 8 and 18 
(Fig. 4e; MOLL et al. 1983 b; RAMAEKERS et al. 1983a, 1985b; DEBUS et al. 1984; 
GATTER et al. 1985). RAMAEKERS et al. (1985b) found that more than 90% of 
the squamous cell carcinomas of the lung that they examined were positively 
stained with an antibody against CK no. 18. Interestingly, squamous cell carci
nomas of both lung and cervix usually arise (via squamous metaplasia) from 
simple or pseudo stratified epithelia. It should be noted that the degree of differ
entiation may modify the cytokeratin pattern of carcinomas to a certain, al
though usually limited, extent (Table 6). As to whether differences in the cyto
keratin pattern of squamous cell carcinomas of different origin is of any histo
diagnostic value is a question that must remain open until larger series of pa
tients have been investigated. 

Carcinomas of the gastrointestinal tract exhibit a strikingly high level of 
conservation of cytokeratin polypeptide expression (MOLL et al. 1982, 1983a; 
MOLL and FRANKE 1986). Thus, hepatocellular carcinomas express the same 
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primitive CK pattern (nos. 8: 18) as normal hepatocytes (Table 6; DENK et al. 
1982; MOLL et al. 1982). The absence of CKs nos. 7 and 19, which has recently 
also been demonstrated at the immunocytochemical level using polypeptide
specific antibodies (OSBORN et al. 1986), could probably be used to distinguish 
such tumors from various gastrointestinal adenocarcinomas, including cholan
giocellular carcinomas (OSBORN et al. 1986; MOLL and FRANKE 1986). Hepato
cellular carcinomas have also been found to be negative for the relatively-broad
spectrum antibodies AE1 (SPAGNOLO et al. 1985) and 34PE12 (GOWN and VOGEL 
1985), this being in accordance with the fact that these tumors express only 
CKs nos. 8 and 18. 

Adenocarcinomas of the colon also exhibit a very characteristic cytokeratin 
pattern that is identical to that of normal enterocytes, i.e., the presence of 
CKs nos. 8, 18, and 19, but with CK no. 7 being consistently absent (Table 6; 
MOLL et al. 1982). The absence of CK no. 7 is especially important for their 
differential diagnosis with respect to adenocarcinomas of the pancreas and cholan
giocellular carcinomas, which both consistently express CK no. 7 (MOLL et al. 
1982, 1983a; OSBORN et al. 1986). This CK can now be specifically detected 
using immunocytochemical procedures (OSBORN et al. 1986). 

Adenocarcinomas of the endometrium and ovary often express the full comple
ment of simple-epithelium-type CKs (nos. 7, 8, 18, and 19), but some lack 
CK no. 7 (Table 6; MOLL et al. 1983b; MOLL and FRANKE 1986; for the co
expression of vimentin, see Section 2.5). The finding of small amounts of the 
stratified-epithelium-type CK no. 5 in an endometrial adenocarcinoma (MOLL 
and FRANKE 1986) may indicate a correlation with squamous metaplastic pro
cesses. In endometrial adenocarcinomas with squamous metaplasia, antibodies 
against epidermal cytokeratins stain squamous foci much more strongly than 
glandular areas (BONAZZI DEL POGGETTO et al. 1983; WARHOL et al. 1984). 

Most invasive ductal and lobular carcinomas of the breast express all of the 
simple-epithelium cytokeratins, i.e., nos. 7, 8, 18, and 19, as revealed in biochem
ical (Table 6; MOLL and FRANKE 1986) and immunocytochemical studies (ALT
MANNSBERGER et al. 1986) and are thus related to the luminal rather than the 
myoepithelial cells of normal breast tissue. Most ductal carcinomas of the breast 
are strongly positive for the antibody 34PE12 (GOWN and VOGEL 1985). How
ever, in another study, two well-differentiated breast carcinomas differed from 
all other types of adenocarcinomas tested due to their positive reaction with 
antibody clone 78, which is relatively specific for stratified squamous epithelial 
cells (VAN MUlJEN et al. 1984a). Interestingly, in one study, 1 of the 12 ductal 
carcinomas tested exhibited a positive reaction with antibody CK B1, which 
is specific for basal (squamous)/myoepithelial cells (ALTMANNSBERGER et al. 
1986). Similar observations have been made by NAGLE et al. (1986). In biochemi
cal investigations, certain rare breast carcinomas have been found to contain 
small amounts of stratified-epithelium-type CKs (MOLL et al. 1982; MOLL and 
FRANKE 1986). Thus, there appears to be a minor subtype of ductal carcinoma 
of the breast that expresses some cytokeratins typical of stratified epithelia 
(and myoepithelia) but whose morphology is not detectably different from that 
of the common breast carcinoma types (ALTMANNSBERGER et al. 1986). Intraepi
dermal Paget cells of mammary and extramammary Paget's disease express 
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simple-epithelium-type cytokeratins (MOLL and MOLL 1985; KARlNmMI et al. 
1985; NAGLE et al. 1985a) like breast carcinoma and secretory sweat gland 
cells and thus can easily be distinguished, using antibodies against such cytokera
tins, from surrounding epidermal keratinocytes, as well as from normal and 
malignant melanocytes. 

Interesting differences in cytokeratin polypeptide expression have also been 
found in thyroid gland carcinomas, some of which also express vimentin (Section 
2.5). It has been found that, whereas all types of such carcinomas, including 
follicular carcinomas, exhibit staining for simple-epithelium-type cytokeratins, 
only papillary carcinomas are positive for antibodies against epidermal cytokera
tins (MmTTINEN et al. 1984). The additional cytokeratin polypeptides of papillary 
carcinomas responsible for this immunoreactivity have yet to be determined. 

Renal cell carcinomas exclusively contain simple-epithelium-type cytokeratins 
in varying patterns, in correlation with the histological tumor type (PITZ et al. 
1987). While clear cell carcinomas express predominantly CKs nos. 8/18, eosino
philic-granular and basophilic (small cell cuboidal) carcinomas often also reveal 
CKs nos. 7 and 19 (for the simultaneous expression of vimentin, see Section 
2.5). Chromophobe cell carcinomas typically contain CKs nos. 8 and 18 and, 
in some cases, no. 7 (PITZ et al. 1987). 

Adenocarcinomas of the lung exhibit all four simple-epithelium-type cytokera
tins, but they appear to lack stratified-epithelium-type cytokeratins (BLOBEL 
et al. 1984). Histologically, these tumors may be difficult to distinguish from 
malignant pleural mesotheliomas of the epithelial type. Attempts have been made 
to distinguish between these tumors on the basis of their cytokeratin expression 
(for a recent review, see CORSON 1986). Epithelial mesotheliomas have been 
found to react positively with antibodies against epidermal (callus) keratins, 
while pulmonary adenocarcinomas are negative or react only weakly with such 
antibodies (SCHLEGEL et al. 1980; CORSON and PINKUS 1982). This is explained 
by the results of a recent biochemical study, in which certain stratified-epitheli
um-type cytokeratins, notably CK no. 5, were present in all five epithelial me
sotheliomas tested and in four of the five biphasic pleural mesotheliomas exam
ined (Table 6; BLOBEL et al. 1985b; see also WALTS et al. 1983). Therefore, 
the use of antibodies specific for stratified-epithelium-type cytokeratins may 
prove to be very helpful in tackling this difficult differential-diagnostic problem. 
The expression of vimentin in the various types of mesotheliomas has been 
discussed above (Section 2.5). 

Small cell carcinomas of the lung, which are characterized by the presence 
of certain neuroendocrine features such as neurosecretory granules, express cy
tokeratins (for references, see Section 2.6) of the simple-epithelium-type, of 
which only CKs nos. 8 and 18 are present in sizeable amounts, these being 
arranged in very delicate fibrils in the oat cell type of these tumors (Table 6; 
BLOBEL et al. 1985a; MOLL and FRANKE 1986). Therefore, formalin-fixed tissue 
sections of such tumors are not usually stained by antibodies against epidermal 
keratins (GUSTERSON et al. 1982). Neuroendocrine (Merkel cell) carcinomas of 
the skin, whose histology closely resembles that of metastatic small cell carcino
mas, can be distinguished from the latter by their fairly consistent (although 
sometimes rather weak) expression of neurofilaments (see Section 2.6). Merkel 
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cell carcinomas also express simple-epithelium-type cytokeratins (nos. 8, 18 and, 
sometimes, 19; MOLL and FRANKE 1985; HOEFLER et al. 1985; MOLL et al. 1986). 
In addition, a cytoskeletal protein with an apparent molecular weight of 46,000 
(IT protein) has been found in Merkel cell carcinomas but appears to be absent 
in other types of neuroendocrine carcinomas, including small cell carcinomas 
of the lung (MOLL and FRANKE 1985). This protein, which appears to be related 
to cytokeratins, is also a characteristic feature of intestinal epithelium and colon
ic adenocarcinomas (MOLL and FRANKE 1985; MOLL and FRANKE, unpublished 
results) and would appear to be useful for the differential diagnosis of these 
tumors. 

The normal urothelium exhibits a unique and complex cytokeratin pattern 
(Table 6; MOLL et al. 1983a; ACHTSTATTER et al. 1985). Some antibodies against 
CK no. 18 only stain the superficial (umbrella) cells of normal urothelium 
and of low-grade papillary carcinomas, whereas they stain all cell layers in 
high-grade papillary carcinomas and invasive transitional cell carcinomas (RA
MAEKERS et al. 1985b). Biochemically, many transitional cell carcinomas show 
cytokeratin patterns resembling that found in normal urothelium, including 
the expression of CK no. 13 (Table 6; ACHTSTATTER et al. 1985; MOLL and 
FRANKE 1986; see also Fig. 4c, d) but some grade-III tumors appear to have 
lost some of these polypeptides. 

All of these data clearly show that there are profound differences in the 
patterns of cytokeratin polypeptide expression in different types of carcinomas. 
In our own studies, we have not found significant differences between the cyto
keratin patterns of primary tumors and their metastases (MOLL and FRANKE 
1986). It has to be borne in mind that some cytokeratin polypeptides may 
be heterogeneously expressed in the cells of a particular tumor, and that the 
degree of differentiation may also influence the pattern of cytokeratin expres
sion. The expression of cytokeratins can also be influenced by experimental 
conditions, e.g., alterations in the concentration of vitamin A modify the expres
sion of certain cytokeratin polypeptides, whereas others remain constant (FUCHS 
and GREEN 1981; ECKERT and GREEN 1984). It seems likely that the stability 
of expression of some cytokeratins is higher than that of others. In spite of 
this (limited) variability, it is evident from the data discussed here that many 
carcinoma types exhibit characteristic cytokeratin polypeptide phenotypes. 
Many of these differences can be detected using available polypeptide-specific 
antibodies, and it appears that, for a number of problems of differential diagno
sis which cannot be satisfactorily resolved by morphological procedures alone, 
cytokeratin typing will prove to be very useful diagnostic adjunct. 

4 Tissue Polypeptide Antigen (TP A) and Its Relationship 
to Cytokeratins 

Tissue polypeptide antigen (TPA), which was originally prepared from the insol
uble tissue residue of pooled carcinomas, was one of the first serum tumor 
markers (BJORKLUND and BJORKLUND 1957). The serum TPA level is often 
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Fig. 5. Immunofluorescence microscopy of cultured cells of the human mammary carcinoma-derived 
cell line MCF-7, using rabbit antibodies against TPA (WEBER et al. 1984). Note the decoration 
of a fibrillar cytoplasmic network as is also seen with antibodies against cytokeratins. x 600 (courtesy 
of Dr. M . OSBORN, Gottingen) 

elevated in patients with carcinomas and appears to be correlated with the 
proliferative activity of carcinomas (BJORKLUND 1980). TPA has therefore been 
regarded as being a marker of proliferation (BJORKLUND 1980). 

TPA can be localized in normal and malignant cells using immunohistochem
ical techniques. In cultured epithelial cells, antibodies against TPA stain a fibril
lar cytoplasmic network exhibiting a perinuclear concentration (Fig. 5; KIRSCH 
et al. 1983; WEBER et al. 1984), which is very reminiscent of the pattern of 
cytokeratin filament staining (FRANKE et al. 1979d). At immunoelectron micros
copy, antibodies against TPA can be seen to bind to cytokeratin filaments 
(ZIMMER et al. 1985). In a detailed immunohistochemical study, NATHRATH et al. 
(1985) detected TPA in most types of epithelial cells, there being only a few 
exceptions, e.g., the epidermis, hepatocytes, and suprabasallayers of non cornify
ing stratified squamous epithelia (see also LOENING et at. 1983). This cell-type 
distribution of TPA is almost identical with that of CK no. 19 (BARTEK et al. 
1986; FRANKE et al. 1986). 

Using immunohistochemical techniques, TPA has also been detected in carci
nomas of the breast (BJORKLUND et al. 1982), in salivary gland tumors (SEIFERT 
and CASELITZ 1983; CASELITZ et al. 1983), squamous cell carcinomas of the 
esophagus, and various gastrointestinal carcinomas (BEHAM et at. 1986), exhibit
ing intracellular staining patterns similar to those of cytokeratins (BEHAM et at. 
1986). 

Biochemically, TPA purified according to the procedures of BJORKLUND and co-workers (for 
a review, see BJORKLUND 1980) consists of several polypeptides with a main component (TPA:B.) 
having an apparent molecular weight of 43,000. Recently, in immunoblotting experiments, an anti
body against TPA was found to bind specifically to the simple-epithelium-type CK polypeptides 
nos. 8, 18, and 19 (WEBER et al. 1984). Similar observations have been reported by BEHAM et al. 
(1986). When the amino acid sequences determined for fragments of TPA subunits (REDELIUS et al. 
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1980; LUNING et al. 1980; LUNING and NILSSON 1983) are compared with the recently established 
amino acid sequences of simple-epithelium-type cytokeratins, a peptide fragment from the TPA 
subunit C reveals identity with respect to 48 out of 58 amino acids with a sequence in the a-helical 
rod domain of bovine CK no. 8 (MAGIN et al. 1986). Furthermore, complete identity with respect 
to amino acid sequence has now been shown for the TPA subunits C and E1 and human CK 
no. 8 (LEVBE et al. 1986). 

The relationship between TPA and cytokeratins thus appears to be somewhat 
clarified. TPA is probably a mixture of proteolytic fragments containing the 
relatively stable a-helical rod domains of simple-epithelium-type cytokeratins. 
These fragments are probably released into the serum during necrosis and the 
lysis of carcinoma cells. Therefore, the TPA serum level is only indirectly corre
lated with proliferation, and TPA should be regarded as being a broad-spectrum 
epithelial tumor marker. These findings in no way compromise the clinical use
fulness of TPA assays in tumor management, but together with our increasing 
knowledge of the molecular structure of cytokeratins, may prompt the search 
for more specific probes for the serological analysis of fragments of the various 
defined cytokeratin and intermediate filament polypeptides that might provide 
information concerning the nature of particular tumors. 

5 Conclusion 

In this article, the molecular and cell-biological features of cytokeratins as well 
as the various areas of their application in histopathological diagnosis have 
been discussed. It is evident that the expression of cytokeratins is closely corre
lated with epithelial differentiation and remaining stable in malignant tumors. 
Although of value, other epithelial markers such as epithelial membrane antigen 
(EMA) exhibit expression patterns in tumors that are less reliably correlated 
with the epithelial phenotype (PINKUS et al. 1986). In addition to the detectable 
pattern of cytokeratins being useful for the establishment of the epithelial nature 
of a primary or metastatic tumor, other intermediate-filament types co-expressed 
with cytokeratins may be highly relevant for diagnosis. Furthermore, cytokeratin 
sub typing, which is now feasible using immunohistochemical procedures, makes 
it possible to resolve a spectrum of different cytokeratin phenotypes, thus allow
ing carcinomas to be precisely classified into subgroups according to their type 
and origin. 

The information obtained by the analysis of cytokeratin and other intermedi
ate-filament proteins is, in principle, independent of morphological features. 
While it is true that the majority of tumors can be diagnosed using conventional 
morphological techniques, these markers are very valuable diagnostic adjuncts 
in problem cases exhibiting an equivocal morphological appearance. The corre
lation between the expression of the intermediate-filament proteins and pre
viously known morphological data concerning normal histology, normal devel
opment, and tumor pathology is strikingly good. Thus, the examination of 
the expression of intermediate filaments provides a complement to established 
morphological procedures. It should be emphasized that all histological tumor 
markers have to be applied critically, and that morphological investigation re-
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tains a decisive role. However, in problem cases, the necessity of intermediate
filament and cytokeratin analysis for diagnosis is indisputable. 
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Oncofetal antigens are substances that are produced in high quantities during 
fetal development as well as during evolution of neoplasms in adult life. The 
best known oncofetal antigens are CEA and AFP. Their discovery marks the 
beginning of the still continuing search for tumor antigens which may serve 
as markers for tumor diagnosis and surveillance. Compared with CEA and 
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AFP, the epithelial membrane antigen (EMA) is of minor significance, but 
has gained general recognition as an immunocytochemical marker for epithelial 
tissues. This article places its emphasis on reviewing the usefulness of CEA, 
AFP and EMA as tissue markers for malignancies. 

2 Carcinoembryonic Antigen (CEA) 

2.1 General Properties 

CEA is distinguished by 3 properties: (1) It shows an unusually high degree of molecular size 
heterogeneity due to a variable carbohydrate content; (2) it belongs to a family of closely related 
glycoproteins displaying a wide tissue distribution; and (3) CEA as well as the CEA-related substances 
reveal an extraordinarily strong immunogenicity. This makes CEA difficult to define solely on the 
basis of one analytical method. As long as the genes for CEA have not been cloned and sequenced, 
a combination of methods, particularly including immunological techniques using polyclonal as well 
as monoclonal antibodies, are necessary to define the CEA molecule and the structure of the other 
members of the complex CEA family (for detailed reviews see BURnN and GOLD 1978; VON KLEIST 
1983; ROGERS 1983; SHIVELY and BEATTY 1985). 

2.2 Chemistry 

Perchloric acid extraction of liver metastases of colon adenocarcinomas is the initial procedure 
most commonly used to obtain CEA (HAMMARSTROM 1985). Further purification steps include ion 
exchange chromatography, gelfi1tration, Con A-Sepharose affinity chromatography and immunosor
bent separation (SHIVELEY and TODD 1980). The purity then has to be controlled by SDS-PAGE 
and immunodiffusion resulting in an about 90% precipitation of the 125I-labelled CEA preparation 
with specific polyclonal and some monoclonal anti-CEA antibodies. CEA prepared by this technique 
proved to be a large glycoprotein with beta-electrophoretic mobility and a molecular weight of 
approximately 180,000 daltons consisting of a single polypeptide chain of 829 residues, and about 
40 N-acetylglucosamine-asparagine linked oligosaccharide chains (CHANDRAilEKARAN et al. 1983). 
Although only the N-terminal sequence of the intact molecule and of several tryptic fragments 
have been determined, it seems that the composition of the peptide chain is remarkably constant. 
The carbohydrate moiety, in constrast, which comprises about 50-60% of molecule shows a consider
able microheterogeneity. These carbohydrate chains are predominantly of the tetra-antennary type 
bearing many terminal sialic acid residues and some fucose residues. In addition, some CEA molecules 
may express blood group specificity in their carbohydrate side chains, especially for the blood group 
precursor (H) antigen (ROGERS 1983). 

2.3 CEA-related Antigens 

So far at least six well established (Table 1) and several putative CEA-related 
substances have been identified (MATSUOKA et al. 1982; SmVELY and BEATTY 
1985; NEUMAIER et al. 1985). These antigens differ from CEA with respect to 
molecular weight and/or immunoreactivity. The first of the CEA related antigens 
was reported by VON KLEIST et al. (1972) and MACH and PUSZTAZSERI (1972) 
and named nonspecific cross-reacting antigen (NCA) and normal glycoprotein 
(NGP), respectively. Subsequently a number of other substances with different 
molecular weight, different carbohydrate content and variations in the N-termi
nal sequence of the amino acids were described, which now constitute the CEA 
family. 
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Table 1. CEA and related antigens a 

Molecular weight 
(KD) 

175-180 
150-170 

128 

100 
90-110 

80-85 
55-65 

20-30 

Termsandsynon~s 

CEA (carcinoembryonic antigen) 
NCA 160 (nonspecific cross-reacting antigen) 
NCA2 
NF A 2 (normal faecal antigen) 
MA (meconium antigen) 
CRA-128 (colorectal antigen) 
CEA-Iow 
Meconium-antigen 100 
NCA95 
TEX (tumor-extracted antigen) 
BGP 1 (biliary glycoprotein) 
NCA55 
NCA 1 
NGP (normal glycoprotein) 
CEX 
CCEA2 
NFA 1 

Carbohydrate content 
(%) 

50-60 
45-50 

20-30 

-40 
-30 

10-20 

a from ROGERS (1983); BUCHEGGER et al. (1984); SHIVELY and BEATTY (1985); NEUMAIER et al. (1985) 

At present, the exact molecular relationship of NCA to CEA is unclear, and it is far beyond 
the scope of this review to discuss the issue in detail (for reviews see WAGENER and BREUER 1982; 
ROGERS 1983; SHIVELY and BEATTY 1985). However, it should be mentioned here that on the basis 
of the most recent works two models for the structure of CEA and NCA have been proposed 
(GRUNERT et al. 1985). In the first model it is suggested that all NCA and CEA molecules share 
an unique polypeptide chain, but differ widely in the degree of their glycolysation. The second 
model suggests the existence of closely related repeat units in the polypeptide chain and explains 
the molecular heterogeneity of CEA and NCA by the different frequency of the occurrence of 
the repeats in the respective molecules. Evidence in support of the second model has been recently 
provided by gene cloning studies which demonstrated the existence of two very closely related repeats 
in CEA (ZIMMERMANN et al. 1987). 

2.4 Immunology 

CEA and the other members of the CEA family are highly immunogenic in all species commonly 
used for immunization. The majority of the poIYclb'ri.al a~tisera raised against CEA react with anti
genic determinants botiJ on CEA and CEA related substances. Similar reactivity patterns have become 
known for many monoclonal antibodies which are currently available. This demonstrates that the 
CEA related substances have several epitopes in common with CEA and that specificity of a mono
clonal antibody for CEA can only be determined by exhaustively investigating all of tiJe potentially 
cross-reacting antigens (PRIMUS et al. 1983; WAGENER et al. 1983a; GRUNERT et al. 1985; MURARO 
et al. 1985). 

HEDIN et al. (1982) generated eight monoclonal antibodies recognizing six determinants on native 
CEA, two of the epitopes probably occurring twice in CEA. Two antibodies also reacted with 
NCA. Recently, the same authors extended the number of epitopes to nine, six of which were 
also found on NCA 160, NCA 95 and/or NCA 55 (HAMMARSTROM 1985). KUROKI et al. (1984) 
reported 8 different epitopes, while MURARO et al. (1985) found at least 5 epitopes. Using a set 
of 18 monoclonal antibodies HAGGERTY et al. (1986) defined 9 epitopes when on'y tiJe reaction 
with the intact molecule was considered. Twelve epitopes were found when data on binding to 
NCA, denaturated CEA and CEA fragments were taken into account as well. Seven binding sites 
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appeared to be CEA specific. Since not all of the monoclonal antibodies recognized epitopes in 
native CEA, it was suggested that some epitopes may also be carbohydrate in nature. 

Human anti-CEA autoantibodies were detected in the sera of some cancer patients. These anti
bodies were also capable of reacting with the CEA molecule in tissue sections (ENDO et al. 1985). 

2.5 Immunocytochemical Spectrum 

The fact that CEA belongs to a family of closely related glycoproteins which 
have several epitopes in common but show a different tissue distribution ne
cessitates the use of specific and well defined antibodies when CEA is localized 
by immunostaining at the cellular level. Thus it has been shown that with 
a commercial, unabsorbed polyclonal antiserum against CEA, which contained 
antibodies to NCA, 93% of breast carcinomas, 85% of mastopathic lesions 
and 66% of fibroadenomas stained positively, while, after absorption with nor
mal tissues, the same antiserum labelled only 42% of the carcinomas and none 
of the mastopathic lesions or fibroadenomas (NAP et al. 1984). Another point 
which has to be considered when studying the immunocytochemical distribution 
of CEA is the influence exerted by fixation procedures on the antigenicity of 
CEA. TSUTSUMI et al. (1984) demonstrated that noncancerous formalin fixed 
paraffin-embedded tissues generally had a lessened stainability with (polyclonal 
and monoclonal) antisera against CEA and NCA when compared with the 
reactivity pattern on frozen sections. On sections from formalin-fixed, paraffin
embedded pancreatic duct type carcinomas monoclonal antibodies specific for 
CEA gave a less intense staining reaction than on frozen sections (TSUTSUMI 
et al. 1984; Bi\.TGE et al. 1985). No significant differences between the rate of 
CEA positivity in frozen and paraffin sections, however, were noted in gastric 
carcinomas (HEIDL et al. 1986). 

2.5.1 Fetal Tissues 

Among the fetal tissues the gastrointestinal tract is the major source of CEA 
(GOLD and FREEDMAN 1965; WAGENER et al. 1983b). Here it can be detected 
consistently from the 16th week of gestation onwards, with the greatest intensity 
in the colon (KAUF and BORCHARD 1985). The fetal pancreas, in contrast to 
the gut, reveals non immunostaining for CEA (TSUTSUMI et al. 1984). 

2.5.2 Normal Adult Tissues 

Recent studies based on sensitive staining techniques and using polyclonal anti
sera absorbed with perchloric extracts of lung (or spleen) and normal colonic 
mucosa, or monoclonal antibodies specific for CEA demonstrated CEA in the 
superficial part of normal colonic epithelium both in patients with and without 
carcinomas (WAGENER et al. 1978; PRIMUS et al. 1983; TSUTSUMI et al. 1984; 
YACHI et al. 1984) (Fig. 1). The failure of other authors to demonstrate CEA 
in normal colonic mucosa (ISAACSON and LEV ANN 1976; GOLDENBERG et al. 
1978; WILEY et al. 1981) may be explained by different specificities and sensitivi-
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Fig. 1. Frozen section from normal colonic mucosa stained with monoclonal antibody C1P83 specific 
for CEA. Positive labelling of epithelial cell surfaces. x 125 

ties of the various CEA antisera and immunocytochemical methods used. Con
flicting results were also reported for the stomach and small intestine in adults. 
While BURTIN (1985) found no CEA at both sites, TSUTSUMI et al. (1984) apply
ing a monoclonal antibody specific to CEA, observed CEA positivity along 
the luminal rims of the antral foveolar glands, and ISAACSON and JUDD (1978) 
using a polyclonal CEA antiserum with minimal anti-NCA activity reported 
on CEA positivity of the small intestine on the surface of the villi, along the 
lining of the crypt lumens and within goblet cells. The tissues that are normally 
free of CEA include those of lung, liver, pancreas, kidney, spleen, prostate 
and endocrine glands (Fig. 2). 

2.5.3 Adult Tissues with Nonneoplastic Changes 

Some epithelial tissues which are usually negative for CEA may become positive 
when undergoing metaplastic or hypoplastic changes. Thus gastric intestinal 
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Fig. 2. Frozen section from normal adult pancreas, stained with monoclonal antibody C1P83 specific 
for CEA. No staining of the duct epithelium (counterstaining with hematoxylin). x 250 

metaplasia was described to be positive for CEA (BURTIN et al. 1973, 1977; 
DENK et al. 1973; WURSTER and RAPP 1979; YACHI et al. 1984). Occasionally 
CEA positivity was also observed in pancreatic ducts showing mucinous hyper
trophy and papillary hyperplasia (BATGE et al. 1986; KLi:lPPEL et al. 1987). In 
these lesions CEA positivity appeared to be discrete and was confined to the 
apical border of the cells (Fig. 3). ALLUM et al. (1986) observed a similar staining 
pattern in six of ten specimens of chronic pancreatitis. No CEA immunoreactivi
ty could be identified in the hyperplastic prostate (PURNELL et al. 1984). 

2.5.4 Benign Neoplastic Lesions 

Originally it was thought that adenomas of the colon were CEA negative. Using 
frozen sections and more sensitive immunocytochemical methods it has been 
shown that all epithelial lesions of the colon, irrespective of benign or malignant, 
stain for CEA (BURTIN et al. 1972; STENGER et al. 1979). In the pancreas benign 
lesions such as serous cystadenoma or solid-cystic (papillary-cystic) tumor are 
consistently CEA negative, while in mucinous cystic tumors with their known 
malignant potential, those cells showing the greatest degree of atypia may stain 
for CEA (BATGE et al. 1986). Fibroadenomas of the breast and other benign 
lesions were found to be virtually or totally CEA negative (WALKER 1980; 
VON KLEIST et al. 1982; MANSOUR et al. 1983; NAP et al. 1984). In pleomorphic 
adenomas of salivary glands, 11 % were positively stained with a monoclonal 
antibody to CEA (SUMITOMO et al. 1987). In adnexal tumors of the skin, CEA 
was only detected in sweat gland neoplasms (PENNEYS et al. 1982). 
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Fig. 3. Consecutive formalin-fixed, paraffin-embedded sections from normal pancreas, stained with 
Hematoxylin and Eosin (A) and monoclonal antibody BMA 130c recognizing CEA (B). Apical label
ling of papillary hyperplasia of duct epithelium (long arrows) . Normal duct cells remain unstained 
(short arrows). x 250 

2.5.5 Malignant Neoplastic Lesions 

Common features for tumors that produce CEA are that they are of epithelial 
origin and belong predominantly to the variety of mucus producing adenocarci
nomas. This association has become particularly evident when well absorbed 
polyclonal antisera or monoclonal antibodies specific to CEA were used. Conse
quently the vast majority of the adenocarcinomas arising in the gastrointestinal 
and biliary tract, the pancreas, lung, breast, salivary glands, ovary and endome
trium belong to the CEA positive category. A noteworthy exception from this 
rule is the well known CEA production observed in the C-cell carcinoma of 
the thyroid (DELELLIS et al. 1978) and in squamous and some small cell carcino
mas of the lung (W ACHNER et al. 1984). In general, CEA expression is stronger 
in well than in poorly differentiated tumors. In well differentiated gland forming 
adenocarcinomas with mucus production most of the CEA is localized to the 
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Fig. 4. Formalin-fixed, paraffin embedded sections from well differentiated ductal adenocarcinoma 
of pancreas, stained with monoclonal antibody BMA 130b recognizing CEA and NCA 95. Mainly 
apical labelling of neoplastic epithelial cells (arrows). x 125 and 250 

apical cell pole, the luminal border of the epithelium and the luminal content 
(DENK et al. 1973; STENGER et al. 1979; O'BRIEN et al. 1981; NIELSEN and TEGL

BJAERG 1982; BATGE et al. 1986) (Fig. 4). Less well differentiated and poorly 
differentiated adenocarcinomas including signet ring cell carcinomas, where 
some or most of the mucus is retained within the cell, predominantly show 
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Fig. 5. Formalin-fixed, paraffin-embedded sections from two pancreatic ductal carcinomas of moder
ate (A) and poor differentiation (B), stained with BMA 130b (CEA and NCA 95). Apical and strongly 
intracytoplasmic labelling (arrows). A x 250, B 640 

intracytoplasmic immunostaining for CEA (BURTIN et al. 1973; DENK et al. 1972 
and 1973; NIELSEN and TEGLBJAERG 1982; HEIDL et al. 1986) (Fig. 5). CEA 
is usually absent from anaplastic carcinomas unless there are foci of glandular 
differentiation where CEA may be positive. 
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Fig. 6. Formalin-fixed, paraffin-embedded section from colon carcinoma, stained with BMA130c 
(CEA specific). Positive labelling is apparent at the apical brush border of tumor cells and within 
lumina. x 250 

As the majority of colon carcinomas belong to the group of differentiated 
mucus producing adenocarcinomas they are all CEA positive (ISAACSON and 
LEVANN 1976; GOLDENBERG et al. 1978; MURARO et al. 1985; JOTHY et al. 1986) 
(Fig. 6). The same is true for stomach carcinomas of the intestinal or diffuse 
type (HEIDL et al. 1986). In about one third of gastric carcinomas CEA expres
sion was reported to be less intense in lymph node metastases than in the 
primary. This behaviour appeared to correlate with a worse prognosis (WITTE
KIND et al. 1986). The rare adenocarcinomas of the small intestine, if well differ
entiated, are all positive for CEA. 

In the pancreas, monoclonal antibodies directed against epitopes either pres
ent on CEA as well as NCA 95 or on CEA only, were found to discriminate 
clearly between duct type carcinomas and nonduct type carcinomas such as 
acinar cell carcinomas and endocrine tumors (BATGE et al. 1986). Formalin
fixed, paraffin-embedded material of pancreatic ductal adenocarcinomas dis
closed CEA expression in about 60-77% of the cases (BATGE et al. 1986; ALLUM 
et al. 1986). Using frozen sections of duct type adenocarcinomas all tumors 
reacted positively (KLOPPEL, unpublished observation). 

Earlier examinations on CEA expression in hepatocellular carcinomas re
ported positivity rates of 30% (THUNG et al. 1979; NAKANUMA et al. 1981; IMoTO 
et al. 1985). Recently however it was found that CEA was consistently absent 
from hepatocellular carcinomas if these tumors were stained with a monospecific 
CEA antiserum (KOELMA et al. 1986). This result has been confirmed in an 
own series of hepatocellular carcinomas which were tested using monoclonal 
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Table 2. Tumor markers in liver neoplasms' (Positivity given in percentage) 

Neoplasm Marker 

AFP CEA oc-HCG AAT KER VIM 

HCC (n=63) 24 0 2 6 95 11 
CCC (n= 18) 6 72 0 11 100 17 
FNH (n=7) 0 0 0 0 100 0 
HCA (n=4) 0 0 0 0 100 0 

HCC, Hepatocellular carcinoma; CCC, cholangiocellular carcinoma; FNH, focal nodular hyperpla
sia; HCA, hepatocellular adenoma; KER, Keratin (MAb KL-l); VIM, Vimentin (MAb V9); CEA, 
Mab specific for CEA (BMA 130 c) 
• Kli:ippel, Brumm, Schultz, Morohoshi (unpublished observations) 

antibodies specific for CEA. In this study, none of 63 hepatocellular carcinomas 
and 13/18 cholangiocellular carcinomas expressed CEA (Table 2). 

In salivary gland tumors, CEA is mainly expressed in carcinomas with glan
dular differentiation, but may also be observed in squamous cell carcinomas 
(CASELITZ et al. 1981 a, b; SEIFERT and CASELITZ 1983). The latter carcinomas, 
however, appeared to be either weakly positive or negative for CEA when 
tested with NCA absorbed polyclonal antiserum or a monoclonal antibody 
to CEA (TSUKITANI et al. 1985; SUMITOMO et al. 1987). CEA is positive in 
sweat-gland carcinomas but not in adnexal neoplasms derived from other struc
tures of the skin (sebaceous glands, pilar structures) (PENNEYS et al. 1982). 

In breast carcinomas, the rate of CEA positivity ranges between 40--90% 
(SHOUSHA and LYSSIOTIS 1978; VON KLEIST et al. 1982; W AHREN et al. 1978; 
WALKER 1980; NAP et al. 1984; BOCKER et al. 1985). Using an absorbed poly
clonal CEA antiserum BOCKER et al. (1985) showed that 51 % of the breast 
carcinomas contained more than 5 percent CEA-positive cells. In addition, CEA 
positivity was found to be correlated with the histologic tumor type, invasive 
ductal carcinomas being positive more frequently than invasive lobular, tubular 
and cribriform carcinomas. SHOUSHA et al. (1979) suggested a relation between 
CEA positivity and prognosis. However, such a correlation could not be con
firmed by other authors (NAP et al. 1984; VAN DER LINDEN et al. 1985). CEA 
immunoreactivity could also not be correlated with oestrogen receptor status 
(BOCKER et al. 1985; VAN DER LINDEN et al. 1985) and other established prognos
tic parameters such as lymph node status, tumor type, histologic grade, mitotic 
activity and others (VAN DER LINDEN et al. 1985). 

Virtually all adenocarcinomas of the lung express CEA (W ACHNER et al. 1984; 
KIMURA et al. 1985). A high rate of positivity, however, was also found in 
the other types of lung cancer, especially in squamous cell carcinomas. Here 
the reactivity appeared to be restricted to the epidermal cell nests. PASCAL et al. 
(1977) therefore discussed a cross-reactivity of CEA with keratin. This assump
tion was not confirmed by WACHNER et al. (1984) since preincubation of the 
sections with a polyclonal anti-keratin serum did not abolish the staining intensi
ty for CEA. CEA staining was weak or absent from mesotheliomas (CORSON 
and PINKUS 1982). 
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Fig. 7. Formalin-fixed, paraffin-embedded section from medullary thyroid carcinoma, stained with 
BMA 130 c (CEA specific). Intense intracytoplasmic labelling of all tumor cells. x 160 

Ovarian carcinomas, with the exception of the serous, germ cell and anaplas
tic tumors, and adenocarcinomas of the uterus often express CEA (FENOGLIO 
et al. 1981; CHARPIN et al. 1982). This is also seen in testicular teratomas con
taining glandular elements (WITTEKIND 1985). 

CEA was not found in renal cell carcinomas and melanomas when tested 
with a monoclonal antibody to CEA (BATGE et al. 1986). In prostate carcinomas, 
only one out of 38 carcinomas stained with a polyclonal CEA antiserum ab
sorbed for NCA (PURNELL et al. 1984). Other authors also using an absorbed 
polyclonal CEA antiserum reported positive CEA values in up to 65% of pros
tate carcinomas (VOGEL and HELPAP 1986). The same authors also obtained 
high CEA scores (about 70%) in bladder carcinomas (VOGEL et al. 1984). 

Neuroendocrine tumors, except the medullary thyroid carcinomas, proved 
to be CEA negative (BATGE et al. 1986) but may contain some NCA (BISHOPRIC 
and ORDONEZ 1986). Medullary carcinomas of the thyroid express CEA in about 
80% of the cases (SCHRODER et al. 1986; DELELLIS et al. 1978). The cellular 
distribution of CEA is very similar to that of calcitonin (Fig. 7). C-cell hyperpla
sia, the precursor lesion of the hereditary C-cell carcinoma (WOLFE et al. 1980), 
was reported to remain unstained with CEA antisera as do normal C-cells 
(DELELLIS et al. 1978). Recent studies, however, revealed CEA positivity in those 
C-cell hyperplasias which are already accompanied by infiltrating C-cell carcino
mas (SCHRODER and KLOPPEL 1987). C-Cell hyperplasias in the absence of an 
overt tumor proved to be CEA negative (SCHRODER and KLOPPEL 1987). Nonme
dullary thyroid carcinomas are negative for CEA but may contain NCA 
(SCHRODER and KLOPPEL 1987). 
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Fig. 8. Electron micrographs of cultured cells of pancreatic ductal adenocarcinoma immunostained 
with monoclonal antibody C1N3 recognizing epitopes on CEA and NCA. A Pre-embedding immuno
peroxydase technique: Intense labelling of the surface of an ASPC cell (arrows), x 6290. B Pre
embedding immunogold technique: Reaction products (arrow) on the surface of a QGP1 cell (left). 
Control (right). x 17000 
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Apart from the well known cell lines such as LoVo, QGP-1, WIDR, the 
COLO series and others (SmVELY and BEATTY 1985), an increasing number 
of CEA producing cell lines have been established from colonic carcinomas 
(Sm et al. 1983), pancreatic ductal carcinomas and other gut carcinomas in 
various laboratories during recent years. Immunostaining of cultured adenocar
cinoma cells locates CEA primarily on the cell membrane and by electron im
munocytochemistry CEA can be labelled on the surface of these cells (HERBER
MAN et al. 1975; LOHSE, KLOPPEL, KALTHOFF, SCHMIEGEL, unpublished observa
tions) (Fig. 8). 

2.5.6 Ultrastructural Localization 

By ultrastructural immunocytochemistry CEA was localized primarily to the 
apical brush border and the glycocalyx (WOLF et al. 1984). Thus CEA might 
be anchored into the cell membrane. In addition, it was found in some mucus 
granules, in small vesicles and within the Golgi apparatus (HUITRIC et al. 1976; 
AHNEN et al. 1982; HAYNES et al. 1985). These findings suggest that CEA is 
packaged within the Golgi apparatus and transported from there to the cell 
surface by small vesicles. Whether mucus granules are also involved in the 
mechanisms of CEA transportation was doubted in a recent study which demon
strated CEA in small vesicles but not in mucus droplets (SCHULZ et al. 1986). 

2.6 Tissue Distribution of CEA-Related Antigens 

NCA 160 (NCA 2), NCA 95, NCA 55 (NCA) and BGP 1 show a strong 
cross-reactivity with CEA. Because of their wide tissue distribution and high 
tissue concentrations these CEA related antigens account for most of the immu
noreactivity observed in normal or neoplastic tissues when unabsorbed or only 
partly absorbed polyclonal CEA antisera, or monoclonal antibodies detecting 
epitopes on both CEA and NCA are applied. 

The normal tissue source ofNCA 160 (NCA 2) is fetal and adult gastrointes
tinal mucosa (BURTIN et al. 1977). It is absent from monocytes and granulocytes 
(BURTIN et al. 1973). In contrast, NCA 95 (Fig. 9) and NCA 55 are present 
in granulocytes (BUCHEGGER et al. 1984). In addition, NCA 55 is found in bron
chiolar and alveolar epithelium of normal lung as well as in pancreatic epitheli
um. BGP I is localized to the surfaces of hepatocytes lining biliary canaliculi 
and associated with the bile itself (SVENBERG 1976). 

Staining of gastric and colonic carcinomas with antibodies specific either 
to CEA or NCA 160 (NCA 2) resulted in a similar incidence and intensity 
of positivity (BURTIN et al. 1977). A much higher incidence of immunoreactivity· 
and a stronger staining intensity was observed in breast carcinomas or pancreatic 
carcinomas when labelled with antibodies recognizing CEA and CEA related 
substances, notably NCA 55 and NCA 95 (NAP et al. 1984; BATGE et al. 1986) 
(Fig. 10). 



Epithelial Tumor Markers: Oncofetal Antigens and Epithelial Membrane Antigen 

-

0 · '/ 

-
, . , ® 

117 

Fig. 9. Frozen section from pancreas with chronic pancreatitis, stained with BMA 130 b recognizing 
epitopes on CEA and NCA 95 (A), and monoclonal antibody C1P83 specific for CEA (B). BMA 
130b stains papillary duct hyperplasia as well as monocytes (arrows), while C1P83 labels papillary 
hyperplasia only. x 250 

2.7 Circulating CEA Levels and CEA Production 

In the absence of imflammatory diseases involving epithelial tissues, elevated 
serum CEA levels usually indicate carcinomas originating from the gastrointesti
nal tract, the pancreas, the biliary system, the breast or the lung (NEVILLE 
and COOPER 1976). Complete removal of such a tumor correlates well with 
a decline of the elevated serum CEA level to the normal range. Correspondingly, 
tumor recurrence is usually marked by rising CEA values (STAAB et al. 1985; 
FLETCHER 1986). There is also a good correlation of serum CEA levels with 
regression or progression of tumor growth during chemotherapy (AHLEMANN 
et al. 1980; STAAB et al. 1980). In colorectal carcinomas the circulating CEA 
concentrations were found to be related to stage of disease (for review see 
FLETCHER 1986) and rising titres ofCEA appeared most frequently in association 
with hepatic metastases (MACKAY et al. 1974). These observations suggest that 
the serum CEA levels reflect the general extent of the disease. However, the 
fact that serum CEA levels show great variability from one patient to another 
during the same stage of the disease (KALSER et al. 1978) indicates that the 
relationship between CEA level and tumor extent is rather complex. This as
sumption is further underlined by studies conducted in nude mice bearing trans-
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® 
Fig. 10. Consecutive formalin-fixed, paraffin embedded sections from a ductal adenocarcinoma of 
the pancreas, stained with BMA130b (CEA and NCA 95) (A) and monoclonal antibody C1P83 
(CEA) (B). Note the difference in staining intensity. x 250 

planted colorectal carcinomas. While, in general, the elevation of the CEA level 
was found to be proportional to the increase in tumor size and tumor CEA 
content (STAAB and ANDERER 1982; FIEBIG and VON KLEIST 1983), considerable 
variability was noted between individual values, making a strict correlation 
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often impossible (STRAGAND et al. 1980; LEWES and KEEP 1981). It is therefore 
most probable that serum CEA levels are influenced by a number of different 
factors. Basically these factors can be divided in two categories: One is related 
to the variable CEA production and secretion by the tumor, and the other 
to alterations in the CEA clearance and exretion by the liver (ZAMCHEK and 
MARTIN 1981). Factors belonging to the first group are (1) the degree of tumor 
differentiation (though some investigators reported a lack of correlation between 
tumor grade and CEA level (BIVINS et al. 1975; KALSER et al. 1978), the apparent 
inability of some carcinomas to release CEA into the extracellular space (VON 
KLEIST et al. 1982), the preferable secretion of CEA in glandular lumina without 
getting access to the circulation (BOCKER et al. 1985), and the degree of necrosis 
and vascularisation within a tumor ryv AGENER et al. 1981 b). The most important 
variables included in the second category are liver diseases such as acute and 
chronic hepatitis as well as obstructive jaundice resulting in an impaired capabili
ty of the liver to adequately clear the circulation of CEA and excrete it (ZAM
CHECK and MARTIN 1981). 

2.8 Function 

The exact role of CEA during fetal development as well as the regulation of 
its pronounced expression and synthesis upon malignant transformation of nor
mal cells are still obscure. It is of interest, however, that CEA induces the 
release of a suppressor factor from normal human lymphocytes (MEDOFF et al. 
1984). Alpha-interferon treatment of human breast and colon tumor cells re
sulted in the enhanced expression of CEA on the cell surface (GREINER et al. 
1984). The expression of CEA was found to be inversely related to the detection 
of histocompatibility antigens (HIRAI et al. 1980), and this heterogeneous expres
sion of HLA-DR antigen and CEA in colonic carcinomas appeared to be asso
ciated with DNA-profile variations (ROGNUM et al. 1983). In a recent study 
it was observed that CEA stimulated the growth of thymic epithelial cells cul
tured in vitro (SAVINO et al. 1985). 

2.9 Future Aspects 

One of the most interesting issues with regard to CEA is whether there are 
CEA molecules which might be specifically associated with certain tumors. This 
question may be solved by molecular cloning studies which should render it 
possible to analyze the expression of these genes in normal and malignant tissues. 
In addition, gene transfer studies may aid in elucidating the biological function 
of CEA. Finally, such studies should also have implications for the development 
of new and more specific antibodies to CEA species which may further improve 
radioimmunodetection of tumors and possibly also tumor therapy. 
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3 Alpha Fetoprotein (AFP) 

3.1 General Properties 

AFP, like CEA, is an oncofetal glycoprotein synthesized in significant quantities 
in the liver, the yolk sac and the gastrointestinal tract of the fetus of many 
species (GITLIN and BOESMAN 1967). This protein which was first observed by 
BERGSTRAND and CZAR (1956) in the human fetus, appears as a normal constitu
ent in fetal serum and amniotic fluid, reaching peak concentrations in the blood 
at about the 12th to 15th week of gestation. After birth AFP almost completely 
disappears from the blood. Its reappearance is usually associated with the devel
opment of hepatocellular carcinomas or yolk sac tumors but may also be seen 
as a result of hepatocellular damage and regeneration (SELL et al. 1974; KUHL
MANN 1981; TUCZEK et al. 1981; BLOOMER et al. 1985a, b). 

As a tumor associated antigen it was first described in mice bearing a trans
plantable hepatoma (ABELEV et al. 1963). Subsequently it was also found to 
be elevated in sera of patients with hepatocellular carcinoma and testicular 
germ cell tumors (ABELEV 1974; NEVILLE and COOPER 1976). During pregnancy 
raised AFP levels in amniotic fluid were observed to be associated with defects 
of the neural tube and are considered useful for antenatal detection of anence
phally and spina bifida (BUAMAH et al. 1981). 

3.2 Chemistry 

AFP represents a group of closely-related molecular variants of an acidic glycoprotein with a molecu
lar weight of approximately 70000 and an ocl-globulin electrophoretic mobility (SMITH and KELLEHER 
1980). It consists of a single polypeptide chain showing sequence homology with albumin (RUOSHLATI 
and TERRY 1976) and contains about 3-5% carbohydrate. The AFP of yolk sac tumors differs 
from that of hepatomas in that it has an additional carbohydrate residue at the epitope which 
in the hepatoma associated AFP bind Concanavalin A (TSUCHIDA et al. 1984; BUAMAH et al. 1984). 
The different content of neuraminoacid distinguishes embryonal AFP from hepatoma-AFP (PURVES 
et al. 1971). Recently a fucosylated variant of AFP was found to be useful for differentiating between 
benign liver diseases and hepatocellular carcinoma (AOYAGI et al. 1985). For the generation of anti
bodies, AFP isolated and purified from pools of amniotic fluid is used (KUHLMANN 1975; BELLET 
et al. 1984). 

3.3 Immunocytochemical Spectrum 

3.3.1 Fetal Tissues 

The fetal liver expresses AFP in single or grouped hepatocytes, preferably accu
mulating around liver sinus (ENGELHARDT et al. 1971; KUHLMANN 1975; NAYAK 
et al. 1974; PURTILO and YUNIS 1971; NAYAK and MITAL 1977). The serum 
concentration was found to be directly proportional to the number of hepato
cytes staining for AFP. Ultrastructurally, AFP was localized to the endosplasmic 
reticulum but not the Golgi region. This suggests that secretion of AFP may 
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be achieved without the involvement of the Golgi apparatus (PEYROL et al. 
1977). 

3.3.2 Adult Tissue 

In the normal adult hepatocyte AFP remains undetectable by immunocytochem
ical means because of the low quantity of AFP production. In phases of liver 
cell regeneration as observed after hepatitis, in liver cirrhosis or experimentally 
after partial hepatectomy or CCl4 intoxication, AFP production is slightly en
hanced (KUHLMANN 1981; NEVILLE and COOPER 1976; HARADA et al. 1980; 
RONCALLI et al. 1986). This increase in CEA levels is correlated with growth 
and cell multiplication of hepatocytes (SELL et al. 1974). Immunocytochemi
cally, AFP staining hepatocytes occur shortly after damage to the liver cells 
and disappear after restoration of the tissue (KUHLMANN 1981). In chronic 
liver disease such as alcoholic hepatitis and secondary biliary cirrhosis, AFP 
positive liver cells were occasionally observed (KOELMA et al. 1986). 

3.3.3 Neoplastic Tissues 

Although 80-90% of the patients with hepatocellular carcinomas have elevated 
serum AFP levels, immunocytochemical demonstration of AFP is only achieved 
in 20 to maximally 50% of these tumors (CHU et al. 1974; THUNG et al. 1979; 
ESPINOZA et al. 1984; IMOTO et al. 1985) (Table 2). AFP expression in the tumors 
is very patchy and more likely to be found in poorly differentiated than in 
well differentiated hepatomas (ABELEV 1974; KOELMA et al. 1986; KLOEPPEL, 
BRUMM, SCHULTZE and MOROHOSID, unpublished observations) (Fig. 11). Pro
nase digestion does not enhance the score of AFP positive hepatocellular carci
nomas (KOELMA et al. 1986). In mice bearing xenotransplanted hepatocellular 
carcinomas serum AFP levels reflected the degree of tumor growth in the host 
(HIROHASID et al. 1979). Experimentally, AFP positive tumors frequently devel
op in rats treated with different carcinogens (KUHLMANN 1981). 

Hepatoblastoma, the liver neoplasm of young children, is nearly always AFP 
positive (SCHMIDT et al. 1985), while fibrolamellar hepatocellular carcinoma, a 
distinct variant of hepatocellular carcinoma occuring in adolescents and young 
adults, is frequently AFP negative (CABALLERO et al. 1985; SCHMIDT et al. 1985). 
Cholangiocellular carcinomas invariably behave AFP negative and this is also 
true for liver cell adenoma (Table 2). Focal nodular hyperplasia (FNH) was found 
to be AFP negative in our series (Table 2), while an AFP positive case was 
observed by KOELMA et al. (1986). 

Approximately two-thirds of testicular teratomas are associated with elevated 
serum AFP levels (NEVILLE and COOPER 1976). The increased serum AFP levels 
correlate with the presence of endodermal sinus (yolk sac) tumor elements within 
these neoplasms. This is due to the fact that AFP is produced and locafize~ 
in the cells of visceral endoderm lining the endodermal sinuses and in the var
ious-sized intra- and extracytoplasmic PAS-positive hyaline globules in the tu
mor (ENGELHARDT et al. 1983; ITOH et al. 1974; NORGAARD-PEDERSON et al. 
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Fig. 11. Formalin-fixed, paraffin-embedded sections from poorly differentiated hepatocellular carci
noma, stained with polyc1onal AFP antiserum. Granular intracytoplasmic AFP positivity. x 120 
and 640 

1974; TALERMAN 1980; BOSMAN et al. 1980; HORN et al. 1980; WITTEKIND 1985). 
Germ cell tumors located in the ovary and extragonadal sites containing homol
ogous structures also produce AFP in high quantities. Pure embryonal carcino
mas are associated either with normal or slightly elevated AFP levels and may 
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show some AFP-positive cells (WAGENER et al. 1981 a). AFP production was 
also reported in some rare germ cell tumors with borderline histology between 
seminoma and embryonal carcinoma (HOFSTADTER 1986; WALT et al. 1986). 
Pure seminomas, teratomas or choriocarcinomas are AFP negative (JACOBSEN 
etal.1981). 

Neoplasms not arising from liver or germ cells, e.g. adenocarcinomas of 
the stomach, pancreas, colon and lung occasionally produce AFP but rarely 
in large amounts (KODAMA et al. 1981). 

3.4 Function 

The exact role of AFP during fetal development is still obscure. As it shows 
a particular affinity for oestrogen and binds to bilirubin and fatty acids, it 
may serve as a carrier for these substances (for review see SMITH and KELLEHER 
1980). In addition, it has been considered to be involved in immune regulation 
mechanisms because of its ability to suppress certain immune reactions in vitro 
(SHEPPARD et al. 1977; GERSHWIN 1980). 

4 Epithelial Membrane Antigen (EMA) 

4.1 General Properties 

EMA has proved to be a global marker of epithelial cells of normal and neoplas
tic origin. It was isolated from human milk (membranes of human fat globules; 
HEYDERMAN et al. 1979) and represents a high molecular weight glycoprotein 
(molecular weight 265000 to 400000 Dalton, ORMEROD et al. 1983). In analogy 
to CEA, EMA may belong to a family of proteins with numerous epitopes 
in common. EMA can be detected by the use of polyclonal antibodies (HEYDER
MAN et al. 1979; SLOANE and ORMEROD 1981) and by a number of monoclonal 
antibodies (HMFG 2, LICR LOM/M, E29; EDWARDS and BROOKS 1984; MOLL 
1986). 

4.2 Immunocytochemical Spectrum 

4.2.1 Normal Tissues 

In normal breast tissue, EMA labels the luminal cells, while the myoepithelial 
cells remain negative. The staining for EMA is concentrated at the apical cell 
membrane. The EMA staining pattern of other exocrine glands such as pancreas, 
sweat glands and salivary glands (Fig. 12) is analogous to that of the mammary 
gland. No staining is observed in the cells of the proximal kidney.tubules and 
in hepatocytes. In the transitional epithelium of the urogenital tract, EMA 
is present in the superficial layer. Squamous epithelium is often negative for 
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Fig. 12. Formalin-fixed, paraffin-embedded sections from mammary gland (A) and parotid gland 
(B), stained with polyclonal EMA antiserum. Labelling of apical border of duct cells (arrows). x 300 

Fig. 13. Formalin-fixed, paraffin-embedded sections from signet ring cell carcinoma of stomach 
(A) and poorly differentiated carcinoma of ovary (B), stained with polyclonal EMA antiserum. 
Intracytoplasmic (long arrow) and apical (short arrow) labelling of tumor cells. x 300 
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EMA (SLOANE and ORMEROD 1981), and mesenchymal tissues lack EMA. Non
epithelial cells containing EMA are plasma cells and transformed lymphocytes 
(DELSOL et al. 1984). 

4.2.2 Neoplastic Tissues 

As a rule, all tumors with glandular differentiation are EMA positive, while 
a few nonglandular tumors may be negative (SLOANE and ORMEROD 1981; OR
MEROD et al. 1982; To et al. 1982; EDWARDS and BROOKS 1984; PINKUS et al. 
1986). The staining pattern of EMA is comparable to that of total keratin, 
but its variability is greater. EMA has been found in adenocarcinomas of the 
breast, pancreas, lung, kidney, prostate and stomach, but also in squamous 
cell carcinomas of the esophagus, the cervix and the skin. It is found in benign 
and malignant salivary gland tumors (GUSTERSON et al. 1982; CASELITZ 1987). 
Undifferentiated carcinomas, e.g. bronchial carcinomas of the large and small 
cell type, are often positive so that EMA turns out to be a valuable marker 
in identifying the epithelial nature of these tumors (Fig. 13). EMA is also positive 
in mesotheliomas. Tumors nonreactive with EMA include hepatocellular carci
nomas, neuroendocrine tumors, embryonal carcinomas and sarcomas (with few 
exceptions). Among the malignant lymphomas, the T-cell lymphomas of the 
large cell variety, and plasmacytomas may stain for EMA (DELSOL et al. 1984; 
NORTON and ISAACSON 1986). 

4.2.3 Correlation with Keratin Markers 

EMA is most intensively expressed in those tissues and tumors where keratin 
8, 18 and/or 19 are present. Since antibodies against EMA react on sections 
of formalin-fixed, paraffin-embedded tissue, they are a helpful adjunct in estab
lishing the diagnosis of a carcinoma. Although the distributions of keratin and 
EMA are overlaping, there are still some differences. The keratins belong to 
the group of intermediate filaments which are located in the cytoplasm, some
times even in a fibrillar pattern (especially in cytological specimens). Thus anti
keratin antibodies with a broad reactivity generally stain the cytoplasm of all 
epithelial cells. As EMA is a membrane glycoprotein, antibodies against EMA 
stain the cell membrane, in particular the apical border of normal glands. Only 
in tumors, it is occasionally detected in the cytoplasm as well (Fig. 13 B). 

4.2.4 Function 

The functional role of EMA remains to be elucidated. As it seems to be a 
special membrane component of most glandular tissues, it might be involved 
in functional mechanisms like secretion or transport of secretory material (HEY
DERMAN et al. 1979). 
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There are principally two types of epithelial tumor markers: (1) Normal cell 

products with known functional properties which may appear in increased or 

reduced amounts during malignant development; and (2) So-called oncodeve

lopmental antigens. The latter markers are mainly expressed in fetal life but 

may appear in increased amounts in neoplastic lesions. Examples of such anti

gens are alpha fetoprotein (AFP) and carcinoembryonic antigen (CEA). In the 

present chapter, however, only the former category of tumor markers will be 
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included and the discussion will be limited to salivary glands, breast and large 
bowel mucosa. 

Immunohistochemical mapping of epithelial markers of differentiation has 
varied significance in different organs. Whereas contribution to increased under
standing of tumor histogenesis is an important aspect in studies of salivary 
glands, the use of such markers in breast tumors and carcinomas or pre-cancer
ous lesions of the large bowel may be of diagnostic and prognostic value. 

2 Normal Glandular Products and Their Epithelial Distribution 

2.1 Secretory Component and Secretory Immunoglobulins 

Secretory component (SC) is part of an epithelial transmembrane glycoprotein 
that binds J chain-containing dimeric IgA and pentameric IgM. It is thereby 
a key factor in the external transport of secretory IgA (SIgA) and SIgM (for 
review, see BRANDTZAEG 1985). Because of this receptor function of SC, its 
distribution in secretory epithelia will normally be mimicked by that of 19A 
(and to a lesser extent IgM), with the exception of the selective appearance 
of free SC in the Golgi zones (BRANDTZAEG 1974c). Some physicochemical 
properties of SC and SIgA are given in Table 1. 

Recent studies have conclusively shown that SC is localized to both ductal 
and serous acinar elements in salivary glands (BRANDTZAEG 1977; KORSRUD 
and BRANDTZAEG 1982; FANTASIA and LALLY 1984). It is likewise widely distrib
uted in mammary glands, and epithelial uptake and transport of IgA during 
lactation is well documented (BRANDTZAEG 1983). The columnar cells of intesti
nal crypts are similarly active in SC-mediated transport of IgA and to a lesser 
extent IgM (BRANDTZAEG 1974a; BRANDTZAEG and BAKLmN 1977). 

Table 1. Physicochemical properties of epithelial cell markers discussed in this chapter 

Name Type of protein Molecular mass References 
(daltons) 

Secretory Glycoprotein 83000 BRANDTZAEG 1974b 
component (SC) 

Secretory Complex of dimeric 390000 TOMASI et al. 1965 
IgA IgA and SC NEWCOMB et al. 1968 

Lysozyme Enzyme 14500 FLEMMING 1922 
(Muramidase) (EC 3.2.1.17) PETIT and JOLLES 1963 

Amylase Enzyme 50000 JACOBSEN et al. 1966 
(EC 3.2.1.1) MUNZEL 1976 

Lactoferrin Iron-binding 80000 MASSON et al. 1966 
glycoprotein BULLEN et al. 1972 

MHC class I Glycoprotein 45000 STROMINGER et al. 1980 

MHC class II Glycoprotein 33000+28000 STROMINGER et aI. 1980 
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Fig. 1. Schematic distributional representation of various glandular markers in serous epithelial 
elements of salivary glands. The drawing is based on the average staining patterns: dotted (graded 
density), shaded, and black areas indicate, in that order, increasing occurrence and intensity. SC 
is particularly found apically and associated with the basolateral borders of the epithelial cells; 
the distribution of IgA (not shown) is similar except that SC appears selectively adjacent to the 
nuclei (not indicated in drawing). Adapted from KORSRUD and BRANDTZAEG (1982) 

SC expression is often modulated during inflammation, and y-interferon 
produced by activated T cells may be one of the stimulatory signals (SOLLID 
et al. 1987). 

2.2 Lysozyme and Lactoferrin 

Lysozyme (Ly), lactoferrin (Lf) and amylase (Am) will be discussed as tumor 
markers only in relation to salivary gland neoplasia. Ly is a bacteriolytic enzyme, 
Lf is an iron-binding glycoprotein (Table 1). Both have a broad spectrum of 
antibacterial properties (IACONO et al. 1980; ARNOLD et al. 1977) and are pro
duced not only by phagocytes (MCCLELLAND and FURTH 1975) but also by 
certain secretory epithelia (LAI et al. 1976). In salivary glands Ly and Lf have 
by most authors been localized to intercalated ducts and to a much smaller 
extent to serous acini (REITAMO et al. 1977, 1980; KORSRUD and BRANDTZAEG 
1982) (Fig. 1). 

2.3 Amylase 

Am is an enzyme (Table 1) produced by serous acini in salivary glands (KRAUS 
and MESTECKY 1971; KORSRUD and BRANDTZAEG 1982; CASELITZ et al. 1983; 
SEIFERT and CASELITZ 1983) (Fig. 1). Even in fetal glands it is mainly confined 
to primitive acini (THRANE et al. 1987 a). 

2.4 MHC Class I and II Molecules 

Class I and II products (Table 1) of the major histocompatibility complex 
(MHC) play an important role in immune regulation; class I (HLA-A, -B, 
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-C) molecules serve as restriction elements for T cell-mediated cytotoxity (ZIN
KERNAGEL and DOHERTY 1979), whereas class II (HLA-DR, -DP, -DQ) mole
cules are required for the presentation of foreign antigen to helper T (Th) 
cells (BENACERRAF 1981). Loss of class I molecules may have an important 
impact on the malignancy and metastatic potential of a tumor (yV ALLICH et al. 
1985; MOMBURG et al. 1986). 

Class I determinants are normally expressed in a heterogeneous manner 
by epithelial elements in salivary glands (THRANE and BRANDTZAEG 1987a), 
mammary glands (FLEMING et al. 1981) and the gut (GHOSH et al. 1986). Al
though class II molecules are generally confined to B lymphocytes, activated 
T lymphocytes, various dendritic cells and macrophages, certain epithelial and 
endothelial cells may likewise express such determinants. In normal salivary 
glands DR expression has been noted in segments of intercalated ducts (THRANE 
and BRANDTZAEG 1987 a), and scattered duct-lining cells are likewise positive 
in mammary glands (BHAN and DESMARAIS 1983; WHITWELL et al. 1984). In 
the normal gut, epithelial DR is virtually restricted to the entrocytes of the 
small intestinal villi (SCOTT et al. 1980; SELBY et al. 1981; GHOSH et al. 1986). 
In inflammatory conditions, however, increased expression of both class I and 
II molecules are observed in secretory epithelial cells of all these organs (SCOTT 
et al. 1981; SELBY et al. 1983; GHOSH et al. 1986; POULSEN et al. 1986; THRANE 
and BRANDTZAEG 1987a; ROGNUM et al. 1987a). 

3 Salivary Gland Neoplasia 

3.1 Secretory Component and Secretory Immunoglobulins 

SC-positive epithelial elements have been found in pleomorphic adenoma (KORS
RUD and BRANDTZAEG 1984a; FANTASIA and LALLY 1984; SAITO et al. 1984), 
Warthin's tumor or adenolymphoma (KORSRUD and BRANDTZAEG 1984b), and 
a few adenocystic and mucoepidermoid carcinomas (SAITO et al. 1984); 19A 
generally appears in a similar but less extensive distribution (Table 2). Large 
variability in co-expression of SC and the other secretory markers (Ly, Lf and 
Am) occurs in pleomorphic adenomas (KORSRUD and BRANDTZAEG 1984a), 
probably reflecting the complexity of this tumor in terms of differentiation. 
The most consistent epithelial positivity in Warthin's tumor was seen for SC 
and 19A, whereas the three other secretory markers were either absent or faintly 
expressed (KORSRUD and BRANDTZAEG 1984 b). The staining pattern thus resem
bled that of normal striated ducts and supported the notion that this neoplasia 
is initiated in striated duct anlages (THOMPSON and BRYANT 1950). The number 
of malignant salivary gland tumors studied till now is too low to reveal any 
confident relation between SC expression and differentiation (Table 2). 

3.2 Lysozyme and Lactoferrin 

Epithelial Ly is expressed by relatively few pleomorphic adenomas (KORSRUD 
and BRANDTZAEG 1984a; SAITO et al. 1984; SEHESTED et al. 1985; CASELITZ et al. 
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1981) and Warthin's tumors (KORSRUD and BRANDTZAEG 1984b; SEHESTED et al. 
1985) and it does seldom occur in malignant salivary gland tumors (CASELITZ 
et al. 1981; SAITO et al. 1984; SEHESTED et al. 1985) (Table 2). Positivity for 
Ly may thus corroborate exclusion of malignancy. Lfis more extensively distrib
uted in both benign and malignant salivary gland tumors, although squamous 
cell carcinomas and anaplastic carcinomas are negative (Table 2). Since Ly and 
Lf may be considered as "terminal duct markers" (Fig. 1), the relatively consis
tent expression of Lf in pleomorphic adenomas supports a histogenetic relation
ship of this tumor to intercalated ducts (ERLANDSON et al. 1984) or, rather, 
to a duct-associated basal stem cell which may differentiate into both ductal 
elements and myoepithelial cells (REGEZI and BATSAKIS 1977; CASELITZ et al. 
1985). 

3.3 Amylase 

Am is expressed almost exclusively by acinic cell carcinomas (CASELITZ et al. 
1983 ; WARNER et al. 1985) and is present in more than half of the tumor speci
mens (Table 2), although in reduced amounts compared with normal parotid 
glands (FRANzEN et al. 1979). Its expression may depend on the degree of acinar 
cell differentiation (MORLEY et al. 1983). Nevertheless, Am seems to be a useful 
marker for acinic cell tumors. 

3.4 MHC Class I and II Molecules 

The neoplastic cells of pleomorphic adenoma (THRANE et al. 1987b) and Warth
in's tumor (NATALI et al. 1981; THRANE and BRANDTZAEG 1987b) are virtually 
negative for MHC class II (HLA-DR) determinants (Table 2). These findings 
support the proposed histogenetic relationship between pleomorphic adenoma 
and myoepithelial cells (or their immediate precursors) and between Warthin's 
tumor and striated duct cells, respectively - i.e., cell types that under normal 
conditions show no DR expression (Table 2). However, pleomorphic adenomas 
are often rich in DR-positive dendritic histiocytic cells of apparently reactive 
nature (THRANE et al. 1987c). 

Preliminary observations in our laboratory have indicated that epithelial 
elements in both pleomorphic adenoma and Warthin's tumor express MHC 
class I determinants. Studies of malignant salivary gland tumors are needed 
to see if loss of such determinants is related to malignant development. 

3.5 Cell Lines and Transplantation Studies 

Expression of various epithelial markers has been examined in cell lines isolated 
from salivary gland tumors (HAYASHI et al. 1985). Only neoplastic duct cells 
were found to express Lf and SC (SATO et al. 1984). Transplantation of such 
tumors to athymic mice gives further support for the notion that pleomorphic 
adenoma is derived from a multipotential duct stem cell able to differentiate 
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into both duct and myoepithelial cells (CASELITZ et al. 1985). A similar reserve 
duct cell has recently been proposed to be the origin of adenocystic carcinoma 
(CASELITZ et al. 1986). 

3.6 General Remarks 

Application of immunohistochemical markers has provided interesting informa
tion related to histogenesis in salivary gland neoplasia. However, further studies 
are needed because of the particular complexity of these tumors, especially 
when it comes to understanding of the nature of pleomorphic adenomas. It 
remains to be shown whether tumor markers will be of any value for classifica
tion and prognostic prediction in salivary gland neoplasia. 

4 Breast Neoplasia 

Several epithelial products have been studied in breast tumors but, with the 
exception of receptors for of oestrogen and progesteron (MCGUIRE et al. 1975; 
THORESEN et al. 1982), most of these markers have been of no value for prognos
tic and therapeutic considerations. In this chapter the discussion will be limited 
to the significance of SC, SlgA and MHC class I and II molecules. 

4.1 Secretory Component and Secretory Immunoglobulins 

RICHMAN (1976) claimed that epithelial IgA was similarly expressed by normal 
and malignant glandular epithelium, but most authors have reported that nor
mal breast tissue and benign tumors contain more SC and epithelial IgA than 
carcinomas (HARRIS et al. 1975; LEE and BUEHRING 1981). We found about 
three quarters of the carcinomas to be positive for SC with a heterogeneous 
expression pattern (KVALE et al. 1987a), which accorded with the report of 
HARRIS and SOUTH (1981). Epithelial IgA positivity correlated well with SC 
expression but not with the histopathological grade of the breast carcinomas 
(KVALE et al. 1987a). Total serum SC, present in circulating SlgA and SlgM, 
showed no relation to tumor SC, indicating that the spillover to blood was 
generally low. A major increase in circulating SC reflected, instead, the presence 
ofliver metastasis (KVALE et al. 1987a). The same was true for colonic carcino
mas (KVALE et al. 1987b). 

4.2 MHC Class I and II Molecules 

Several laboratories have studied the distribution ofMHC class I and II determi
nants in breast neoplasia (FLEMING et al. 1981; BRAN and DESMARAIS 1983; 
ROWE and BEVERLY 1984; WHITWELL et al. 1984; LWIN et al. 1985). In contrast 
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to normal glandular epithelium and benign tumors, carcinomas show no consis
tent positivity (ROWE and BEVERLY 1984). In 28 breast carcinomas studied in 
our laboratory, 16 were class I-positive and 9 DR-positive (ROGNUM et aI., 
unpublished observations). There seems to be no relation between the number 
and distribution of T cells and the expression of these determinants in the 
malignant breast epithelium (BRAN and DESMARAIS 1983; WHITWELL et ai. 1984). 
Further studies are needed to confirm the hypothesis of SANDERSON and BEVERLY 
(1983), that impaired expression of class I and II molecules may be due to 
immunoselection of malignant cell clones. 

4.3 Identification of Metastasis by Glandular Markers 

Metastases from poorly differentiated or anaplastic adenocarcinomas are some
times difficult to distinguish from malignant lymphomas by conventional histo
pathology. Preserved marker expression compatible with secretory epithelium 
may thus be of crucial value for the identification of secondary breast carcino
mas in lymph nodes (BRANDTZAEG and ROGNUM 1983). It has been shown 
for colonic carcinomas that the original pattern of glandular markers is often 
preserved even after several years of tumor progression (ROGNUM et ai. 1985). 

5 Large Bowel Neoplasia 

5.1 Carcinoma 

Several attempts have been made to define tumor characteristics of prognostic 
value in patients with large bowel carcinoma. There is a positive relation between 
histological grade and survival time (RANKIN and BRODERS 1928; REMMELE and 
HEINE 1981), whereas changes of tumor mucus seem to be without prognostic 
value (SYRJANEN and HJELT 1978). Staging is considered as the most reliable 
way to assess prognosis (DuKES and BUSSEY 1958), but also production of SC 
(ARENDS et ai. 1984), DNA ploidy pattern, (WOLLEY et ai. 1982; ROGNUM et ai. 
1982a, 1987b), and epithelial expression of class I and II determinants (DAAR 
et ai. 1982; ROGNUM et ai. 1983; CSIBA et ai. 1984; MOMBURG et ai. 1986) are 
claimed to afford prognostic information. 

5.1.1 Secretory Component and Secretory Immunoglobulins 

SC and epithelial 19A are well correlated in the same carcinomas (ROGNUM 
et ai. 1980a). Concordant expression of these markers indicates preservation 
of a relatively high degree of functional differentiation (Figs. 2, 3); which is 
in harmony with histopathological observations (POGER et ai. 1976; WEISZ
CARRINGTON et ai. 1976; ROGNUM et ai. 1980a, 1982b; ISAACSON 1982). Interest
ingly, ARENDS et ai. (1984) reported that patients with homogeneously SC-posi
tive carcinomas had a better prognosis than those with SC-negative ones. 
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Fig. 3. Immunofluorescence scores given for epithelial staining of poorly (_), moderately (e), or 
well-differentiated (A) carcinomas. Medians are connected by dashed lines. Well-differentiated carci
nomas tended to express more SC and IgA than moderately differentiated (p=0.08 and p=0.09, 
respectively), and moderately and poorly differentiated carcinomas taken together were scored signifi
cantly lower than well-differentiated ones (SC, p < 0.05; IgA, P = 0.06). Adapted from ROGNUM et al. 
(1982b) 

5.1.2 MHC Class I and II Molecules 

Epithelial MHC class II determinants may appear in the large bowel in both 
inflammatory (SELBY et al. 1983) and neoplastic (ROGNUM et al. 1983; GHOSH 

et al. 1986) conditions. No simple relationship to tumor differentiation, clinico
pathological stage or biological behaviour has as yet emerged from studies 
of these markers in large bowel carcinoma (DAAR et al. 1982; DAAR and FABRE 

1983; CSIBA et al. 1984; UMPLEBY et al. 1985; MOMBURG et al. 1986; GHOSH 

et al. 1986). 
Nevertheless, for HLA-DR we found a remarkable disparity according to 

histological tumor grade: well-differentiated carcinomas showed great intra-

<J Fig. 2. Immunohistochemical staining for SC (red) and IgA (green). a Normal colon mucosa; yellow 
indicates presence of both SC and IgA and signifies normal epithelial transport. b Large bowel 
adenoma with severe dysplasia; the epithelium lacks both SC and IgA although there are numerous 
IgA-producing immunocytes in the stroma. c Well-differentiated large bowel carcinoma; yellow in 
tumor epithelium (Tu) signifies preserved SC-mediated transport of IgA. d Poorly differentiated 
large bowel carcinoma; tumor epithelium (Tu) lacks both SC and IgA. a x 260, b, c, d x 105 
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tumor staining variability whereas poorly differentiated and highly aggressive 
carcinomas were without exception homogeneously stained - either positively 
or negatively (ROGNUM et al. 1983). Differences in the composition of the carci
noma material and in the recording of staining heterogeneity might explain 
why previous studies failed to reveal these associations with DR expression. 
Our observations are in agreement with the concept of clonal evolution of 
tumor cell populations (NOWELL 1976, 1986). According to this hypothesis tu
mor progression is due to an acquired genetic lability permitting stepwise selec
tion of variant sublines of neoplastic cells. One clone may possess selective 
advantages and finally become predominant. Another argument for this theory 
is that in cases with advanced carcinoma the staining patterns for SC, epithelial 
IgA, and HLA-DR were found to be remarkably similar in primary and second
ary tumors from the same patient (ROGNUM et al. 1985). 

5.2 The" Transitional Mucosa" 

The so-called "transitional mucosa" adjacent to colorectal carcinoma (FILIPE 
and BRANFOOT 1976) is characterized by tall and often branched crypts, dilated 
goblet cells and increased mucus secretion with predominance of sialomucins 
(DAWSON and FILIPE 1976). Moreover, the increase in sialomucins and concomi
tant decrease in sulfomucins is directly relarted to extent of invasion by the 
adjacent carcinomas (FILIPE and BRANFOOT 1974). These features may either 
reflect a pre-neoplastic phase (FILIPE and BRANFOOT 1974) or merely represent 
secondary changes due to toxic influences from the adjacent carcinoma. Further
more, CEA seems to increase in the transitional mucosa with decreasing degree 
of tumor differentiation (ROGNUM et al. 1982b). 

5.2.1 Secretory Component and Secretory Immunoglobulins 

Decreased expression of SC and epithelial IgA was seen in the transitional 
mucosa both with decreasing degree of tumor differentiation and with increasing 
clinico-pathological stage (ROONUM et al. 1982b). Expression of SC and IgA 
in this zone also seemed to be related to the DNA ploidy pattern of the carcino
ma as less epithelial staining was observed adjacent to aneuploid than near 
diploid tumors (ROGNUM et al. 1982a). 

5.3 Pre-cancerous Lesions in Ulcerative Colitis 

Patients with long-standing total ulcerative colitis (UC) are at increased risk 
of developing large bowel carcinomas (LENNARD-JONES et al. 1983). This risk 
is related to development of epithelial dysplasia (MORSON and PANG 1967; RID
DEL et al. 1983). All patients with long-standing UC, therefore, should be sub
jected to regular biopsy sampling from the various segments of the large bowel 
to detect and select those who would benefit from prophylactic colectomy. 
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Fig. 4. Relation between immunofluorescence scores for SC and epithelial IgA in various large-bowel 
lesions of patients with long-standing ulcerative colitis (epithelial hyperplasia, hyperplasia associated 
with dysplasia in other areas, or dysplasia) compared with endoscopically normal biopsy specimens. 
Dashed lines connect median scores for each category. SC and IgA were scored significantly higher 
for normal mucosa than for the three lesions and also higher for hyperplasia than for dysplasia 
(p<O.Ol). Adapted from ROGNUM et al. (1982c) 

Inflammation and crypt destruction result in regenerative epithelial alterations 
which may imitate dysplasia (RIDDEL et al. 1983), and many attempts have 
been made to find markers of a truly dysplastic development. ISAACSON (1976) 
claimed that epithelial expression of CEA was indicative of pre-cancer but we 
could not confirm this observation (ROGNUM et al. 1982c). Binding of peanut 
lectin likewise failed to afford a precise diagnosis (JASS et al. 1986). 

5.3.1 Secretory Component and Secretory Immunoglobulins 

Dysplastic epithelium was reported by ISAACSON (1982) to be consistently nega
tive for SC. Also ROGNUM et al. (1982c) found significantly reduced expression 
of SC and epithelial IgA compared with reactive hyperplasia, but large individ
ual variations were observed in both types of lesions (Fig. 4) and precluded 
application of these markers in diagnostic work. 

5.3.2 MHC Class I and II Molecules 

Evaluation of heterogeneous expression of SC and class II determinants (Figs. 5 
and 6) appears more promising in a diagnostic context (ROGNUM et al. 1987 a). 
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Fig. 5. Heterogeneous expression of epithelial HLA-DR determinants in ulcerative colitis with severe 
dysplasia. x 150 

In high grade dysplasia abrupt transitions between intensely positive and com
pletely negative epithelial cells were often seen. The similarities between dysplas
tic lesions and early large bowel carcinomas (ROGNUM et al. 1983) indicated 
that such heterogeneous marker expression is characteristic of a neoplastic devel
opment in the colon epithelium. The clinical significance of this observation 
in distinguishing regenerative from dysplastic epithelium will have to be evalu
ated in a larger follow-up study. 

5.4 Adenomas 

The theories of an "adenoma-carcinoma sequence" (MORSON 1974) or a "dys
plasia-carcinoma sequence" (MORSON and KONISHI 1980) postulate that most 
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Fig. 6. Scatter diagram of degree of heterogeneous expression of HLA-DR and secretory component 
in normal colonic mucosa and inflammatory or dysplastic lesions of various severity. From ROONUM 
et al. (1987 a) 

large-bowel carcinomas develop through increasing degrees of epithelial dyspla
sia. This notion has been supported by recent advances in the field of molecular 
biology. Increased expression of the ras oncogene in the course of neoplastic 
transformation is of particular interest (SPANDIDOS and KERR 1984). Studies 
of DNA ploidy patterns (GoH and lASS 1986), SC and epithelial IgA (ISAACSON 
1982; ROGNUM et al. 1982d) may support the stepwise concept as cancer-like 
alterations are more pronounced in high grade dysplasia. Nevertheless, the de
creased expression of SC and epithelial IgA, both with increased degree of 
dysplasia in adenomas (Fig. 2 b) and with decreased degree of differentiation 
in adenocarcinomas (Figs. 2d, 3), indicates that invasiveness requires a second 
and as yet unknown fundamental change in the epithelial cell. 

5.5 Metaplastic Polyps 

The metaplastic polyp is regarded as a non-neoplastic disorder of differentiation 
(KAYE et al. 1973). Nevertheless, metaplastic polyps and colorectal carcinomas 
show several common features such as mucin alterations (BOLAND et al. 1982), 
increased CEA expression (ROGNUM et al. 1982d; JASS et al. 1984), and de
creased SC and epithelial IgA (ROGNUM et al. 1982d; JASS and FAULDY 1985). 
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This does not necessarily imply that a metaplastic polyp is precancerous but 
rather that it develops as a result of environmental factors which may be impli
cated in carcinogenesis. 

6 Conclusions 

Markers of glandular differentiation are useful in several ways: 
they may contribute to better understanding of the histogenesis of certain 
tumors 
they may corroborate histopathological and clinical evaluation of tumors 
by enhancing the diagnostic and prognostic information 
they may be of significant value in the search for origin of anaplastic second
ary tumors 
they may be an adjunct in distinguishing pre-cancerous epithelial alterations 
(dysplasia) from reactive hyperplasia 
It is important to stress that several of these markers may likewise show 

either increased or decreased epithelial expression during inflammatory condi
tions. Such changes may imitate those found in tumors and precancerous lesions. 
It is crucial, therefore, to pay attention to the distribution pattern of the actual 
markers (e.g., homogenous vs. heterogeneous) and to the histopathological fea
tures of the lesions. 

Methodological considerations have been beyond the scope of this chapter 
although tissue preparation and immunological staining technology are impor
tant variables in immunohistochemical work. The markers discussed above may 
thus be denatured or masked by routinely used formalin fixation and paraffin 
embedding. Some of these problems have been discussed in detail elsewhere 
(ROGNUM et al. 1980b; BRANDTZAEG 1981; BRANDTZAEG and ROGNUM 1984a, 
1984b). With regard to the choice between immunoenzyme or immunofluores
cence staining, the former method affords the possibility of evaluating morpho
logical features in the same section. However, the observation of coexpression 
of two markers in a single cell is usually unreliable with paired immunoenzyme 
staining (V ALNES et al. 1983; V ALNES and BRANDTZAEG 1984). Paired immuno
fluorescence is superior for such studies (BRANDTZAEG 1981; BRANDTZAEG and 
ROGNUM 1983). 
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By far the majority of mesenchymal tumors can be classified by their typical 
morphological patterns in routine stains. In a minority of such tumors, and 
in particular those with an undifferentiated morphology, a differential diagnosis 
may be difficult of one relies only on the light microscopical appearance. In 
such situations immunohistochemical techniques using polyclonal or monoclon
al antibodies can provide additional information; here we emphasize the use 
of antibodies specific for the different intermediate filament proteins in human 
tumor diagnosis and concentrate in particular on the use of antibodies to desmin 
and vimentin in the differential diagnosis of mesenchymal tumors. 

Intermediate filaments (IF), also referred to as 10 nm filaments or 100 A 
filaments, are one of the three fibrous elements of the cytoskeleton. They are 
present in nearly all cells of vertebrates (FRANKE et al. 1978; BENNETT et al. 
1978; HOLTZER et al. 1982; OSBORN et al. 1982a; WEBER and GEISLER 1984) 
and seem to occur at least in some of the invertebrates. In electron micrographs 
they can be distinguished from the other two filament systems by their diameter 
(7-11 nm) which is intermediate between that of microfilaments, (6 nm) and 
micro tubules (20-22 nm). Using immunological techniques all three systems can 
be distinguished by the use of appropriate antisera. In the electron microscope 
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it is difficult to distinguish different intermediate filament types since all IFs 
show very similar morphologies. However immunohistological studies on nor
mal tissues as well as biochemical and protein chemical data have demonstrated 
that intermediate filament proteins can be subdivided in five major categories: 
keratins, vimentin, desmin, GFAP and neurofilaments (see above references). 
The most important intermediate filaments markers for mesenchymal tumors 
are desmin and vimentin. 

2 Definition 

2.1 Desmin 

Desmin (skeletin) is the intermediate filament protein typical of skeletal, visceral 
and some vascular smooth muscle cells. In 1977 SMALL and SOBIESZEK showed 
that a 55 kd band in an SDS gel from smooth muscle preparations disappeared 
after in situ proteolysis of muscle. The 55 kd protein extracted from muscle 
by acetic acid could also be reconstituted into filamentous arrays (for later 
experiments which yielded reconstituted 10 nm filaments with a morphology 
equivalent to those seen in vivo, see GEISLER and WEBER 1981 b; Ip et al. 1985). 
Since the contractility of the smooth muscle was not reduced by the removal 
of the 55 kd protein and in addition extraction of actin did not influence the 
general cell shape, this protein was assumed to have a cytoskeletal function 
and given the name" skeletin" (SMALL and SOBIESZEK 1977). The same protein 
was also shown to be present in the cytoskeleton of heart Purkinje cells and 
in normal myocardium (THORNELL et al. 1978, 1983). At about the same time 
LAZARIDES and HUBBARD (1976) demonstrated an analogous protein in chicken 
smooth muscle. Using antibodies specific for this protein they showed that 
it was present at the Z-discs of isolated skeletal myofibrils. In heart muscle 
cells in culture desmin was found not only in the Z-discs, but also in intercalated 
discs. Since this protein appeared to link myofibrils and thus resembled the 
desmosomes in epithelial tissues, it was named desmin (Greek: desmos = link, 
band). It soon become clear that desmin and skeletin were identical proteins. 
As the name desmin has gained more general acceptance it will be used here. 

2.2 Vimentin 

Vimentin filaments are the only IF type characteristically present in nonmuscu
lar mesenchymal cells. Two groups originally described a major cellular protein 
different from actin and tubulin which was enriched in the detergent resistant 
cytoskeleton of cells grown in culture (OSBORN and WEBER 1977; BROWN et al. 
1976). Rabbit autoantibodies which decorated fibres in certain permanent cell 
lines and which were different from micro filaments and micro tubules were also 
described. Comparing the immunofluorescence pictures with electron micro
scopic data it became clear that the decorated structures were bundles of inter-



Mesenchymal Tumor Markers: Intermediate Filaments 157 

mediate filaments of the keratin type (OSBORN et al. 1977). In addition several 
human hepatitis sera were shown also this time to contain high levels of anti
bodies recognizing vimentin intermediate filaments in human fibroblasts (Os
BORN, unpublished data). These studies with autoantibodies soon led to the 
production of antibodies raised against the different intermediate filament pro
teins. Thus antibodies specific for the 55 Kd band from mouse 3T3 cells clearly 
decorated intermediate filaments in a variety of human and animal cells (FRANKE 
et al. 1978). This antibody also decorated perinuclear whorls or aggregates after 
treatment of the cells with colcemid, a characteristic feature associated with 
intermediate filaments in cells, known from previous electronmicroscopic studies 
(GOLDMAN and KNIPE 1972; HOLTZER et al. 1975). In contrast this antibody 
did not react on cells of epithelial, muscle or neuronal origin. To emphasize 
the difference between this protein and the proteins forming other intermediate 
filament types it was named vimentin (latin vimentum - wickerwork), a name 
which also reflects the appearance of intermediate filaments in fibroblasts 
(FRANKE et al. 1978). 

3 Biochemical and Molecular Structure of Desmin 
and Vimentin Intermediate Filaments 

For biochemical work sources rich in only one IF protein are optimal. Desmin 
has been usually purified either from chicken gizzard or from pig stomach, 
while for vimentin porcine eye lenses are the starting material of choice. The 
purification schemes usually involve gel filtration and DEAE cellulose chroma
tography performed in the presence of 6 to 8 M urea. 

The first amino acid sequence work in porcine vimentin and on desmin from chicken and pig 
established several points important for the later development of the IF field (GEISLER and WEBER 
1981 a). First vimentin and desmin were shown to be different gene products but related in sequence. 
Second, from the linear sequence it was clear that part of the desmin and vimentin molecules contained 
a seven residue repeat pattern (a-g), where the residues in a and d positions are primarily hydrophobic. 
The presence of these repeating heptade sequences argues for a coiled coil formation of the helical 
domains. Third, as already argued prior to 1981 from immunological data, tissue specificity overrode 
species divergence (for review see WEBER and GEISLER 1984; GEISLER and WEBER 1986). 

Because the partial sequences suggested that IF molecules might contain a central ex-helical 
rod domain conserved in sequence principle and in length, rather than in actual sequence, it was 
necessary to obtain a complete sequence for one IF protein. This was first done for desmin in 
1982 by GEISLER and WEBER. The desmin sequence, taken together with the then available partial 
sequences of other IF proteins showed that IF proteins are characterized by the prototype structure 
shown in Fig. 1. In this structure the canonic principle is the rod domain - the central ex-helical 
rod region some 310 residues in length. This rod domain has been documented in all of the 20--30 
IF sequences currently known from protein and from DNA sequencing work (see especially HANUK

OGLU and FUCHS 1982, 1983; STEINERT et al. 1983). In contrast to the rod region, the terminal 
domains - the head and the tail - can be hypervariable both in sequence and length. Thus those 
features common to all IF proteins e.g. the 21 nm repeat seen in electron microscopy for metal 
shadowed in vitro reconstituted IFs, the 7-11 nm diameter seen for filaments both in vivo and after 
in vitro assembly, as well as the apparently similar morphologies in the electron microscope can 
be attributed to the rod domain. Consequently differences in function or in stability of different 
IF proteins are more likely to reside in the end domains. 



158 M. ALTMANNSBERGER and M. OSBORN 

Fig. 1. A schematic representation of the domain structure of IF-proteins. The IX-helical rod domain 
common to all IF proteins is interrupted by the nonhelical spacers Sl and S2 situated between 
helices la and Ib, and Ib and II respectively. The rod domain is flanked at the aminoterminal 
side by the nonhelical headpiece (head) and at the carboxy terminal side by the nonhelical tailpiece 
(tail). The asterisk marks the approximate position of the epitope of monoclonal antibody (IFA) 
that recognizes an epitope common to many proteins (PRUSS et al. 1981). (This figure is adapted 
from GEISLER und WEBER 1986) 

Desmin and vimentin, together with glial fibrillary acidic protein (GFAP), 
form a subgroup of closely related non-epithelial, or type III, IF proteins. When 
sequence identities of the rod region of these IF polypeptides are compared 
identity within this group is around 63% whereas when the same sequences 
are compared either to the keratin type I or to the keratin type II sequences, 
the identity drops to around 30% (GEISLER and WEBER 1982; WEBER and GEIS
LER 1984; HANUKOGLU and FUCHS 1982, 1983). Although all three neurofilament 
proteins also share the same structural motif the identity between the rod regions 
of NF-L and vimentin is only 53%. A comparison of the DNA gene sequences 
shows that while the introns are very strongly conserved in number and position 
between keratin types I and II and the non-epithelial desmin, vimentin and 
GFAP group, NF-t (LEWIS and COWAN 1986) and NF-M show a totally differ
ent intron arrangement. Thus currently desmin, vimentin and GF AP are as
signed to a IF group III separate from neurofilament proteins which are placed 
in group IV. Complete DNA sequences have been provided for hamster desmin 
and for hamster vimentin by QUAX et al. 1983,1984,1985. Hybridization studies 
suggest that vertebrates have only one gene for desmin and one for vimentin. 
(for review see BLOEMENDAL et al. 1985; for chicken m-RNA see NGAI et al. 
1985; ZEHNER and PATERSON 1985). . 

The considerations important in arriving at a model of the 10 nm filament 
have been detailed elsewhere. Cross linking experiments, performed on a desmin 
derivative containing the whole rod region, showed that this was a tetramer 
and not a trimer (GEISLER and WEBER 1982). Thus the triple stranded model 
(STEINERT 1978) that had dominated IF structure for almost a decade could 
be laid to rest. The inference that the tetramer arose from double stranded 
coiled coils was soon confirmed by other methods. In the electron microscope 
the tetramers are indeed rod-shaped and have a length of around 50 nm (GEISLER 
et al. 1982). Decoration of these structures with Fab fragments from a desmin 
monoclonal antibody suggested that the two coiled coils in the tetramer are 
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antiparallel since antibody molecules could be seen on both ends (GEISLER et al. 
1985). Although details of the exact arrangements of the tetramer units, and 
of the importance of the tetramer arrangement for filament assembly are still 
under discussion, it is generally agreed that each 10 nm filament contains on 
average around 8 tetramers per diameter or 32 polypeptide chains/diameter 
(GEISLER et al. 1985; for review see Ip et al. 1985; GEISLER and WEBER 1986). 

The principles important in deciding the filament structure are assumed 
to be the same for all IF proteins with one important exception. Whereas the 
non-epithelial proteins in groups III and IV (desmin, vimentin, GFAP and 
the NF-L polypeptide) form homopolymers i.e. each protein can form a 10 nm 
filament by itself, the keratins are obligatory heteropolymers requiring one type 
I and one type II polypeptide for filament formation (for keratin nomenclature 
see HANUKOGLU and FUCHS 1982, 1983). 

4 IF Arrangement in Vitro 

Certain cell types can contain more than one IF polypeptides (for review see OSBORN et al. 1982a). 
In such cells it is interesting to know whether the different IF polypeptides are present in the same 
or in different 10 nm filaments. Several approaches have been used to try to answer this question. 
In some cell types it is already clear at the light microscopical level (OSBORN et al. 1980) that keratin 
and vimentin are present in different IFs a fact that has been confirmed by immunoelectron microsco
py. However when the non-epithelial proteins occur together in the same cell e.g. desmin and vimentin 
in the rhabdomyosarcoma cell line RD (Fig. 2), or GFAP and vimentin in a glioma cell line, double 
labelling at the light microscopic level usually shows very similar profiles for the two IF proteins. 
Using the electron microscope it could be shown that individual 10 nm filaments in the glioma 
line contained both GFAP and vimentin (SHARP et al. 1982) and that individual 10 nm filaments 
in the RD cells contained both desmin and vimentin (TOLLE et al. 1986). These experiments, suggesting 
that type III IFs can copolymerize into the same 10 nm filament are supported by chemical cross 
linking experiments (QUINLAN and FRANKE 1982,1983) and also by experiments in which antibodies 
specific for a single intermediate filament type III protein have been microinjected. Thus for example 
if antibodies specific for either vimentin or desmin are microinjected into a cell line containing 
both IF proteins, perinuclear caps are formed in which the two different IF proteins colocalize, 
again suggesting that the two intermediate filament proteins were present in the same 10 nm filament 
(TOLLE et al. 1986). 

When cell types which have only vimentin filaments are injected with anti
bodies that recognize vimentin, the intermediate filaments are cross linked and 
within 2-4 hours retract into perinuclear caps. Cells with such caps seem per
fectly capable of carrying out basic cellular functions such as cell division and 
movement over a substratum (GAWLITTA et al. 1981; KLYMKOWSKY 1981; LIN 
and FERAMISCO 1981). These experiments as well as the discovery of cell lines 
which lack IFs and yet divide without problem, argue strongly that IF function 
is more subtle than that of the other two filament systems present in the cell, 
i.e. micro filaments and microtubules. Perhaps, therefore, it may be more appro
priate to search for a putative function of IFs in tissues rather than cells. Un
doubtedly in certain situations IFs, through their links to the plasma membrane 
and the nucleus, contribute to tissue integrity, and the combined IF-membrane 
linked system may then serve to restrict the mobility of individual cells. Mono
clonal antibodies specific for vimentin (OSBORN et al. 1984a; GOWN and VOGEL 
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Fig. 2. Human cell lines labelled by antibodies to intennediate filaments. Fibroblast cell line (HS 27) 
stained by vimentin antibodies (a) and human rhabdomyosarcoma (RD) cell line incubated with 
antibodies against vimentin (b) and desmin (c). The fibroblast cell line expresses vimentin. In the 
RD cell line all cells are stained by the vimentin antibody (b), while the majority of cells additionally 
coexpress desmin (c) (a--c, FITC) (polyclonal antibodies against vimentin and desmin) 
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Fig. 3. Lanes 1-4 show an extract of the human rhabdomyosarcoma line RD 
stained with Coomassie Blue (lane 1) and immunoblots of the same RD extract 
after transfer to nitrocellulose and reaction with the desmin monoclonal anti
bodies DE-A-7 (lane 2). DE-C-3 (lane 3) and a mixture of the desmin mono
clonal antibody DE-B-5 together with a vimentin monoclonal antibody (lane 
4). V.D. indicate the positions of vimentin and desmin respectively (for further 
details see DEBUS et al. 1983a). Note that the RD cell line contains both vimen
tin and desmin as shown by immunblotting 

1984; VIRTANEN et al. 1985) or specific for desmin have been described (DEBUS 
et al. 1983) (Fig. 3). Whether all monoclonal vimentin antibodies display the 
same specifity when tested on a large number of normal cells and tumors has 
not been definetely determined (see below). , 

5 Distribution of Desmin and Vimentin IFs in Normal Tissue 

5.1 Vimentin 

In normal tissue almost all mesenchymal cells express either vimentin or desmin 
or simultaneously both intermediate filament proteins. The majority of nonmus
cular cell types are characterized by a positive reaction with antibodies against 
vimentin. This is true for the "cytic" as well as the "blastic" cell forms i.e. 
vimentin positive cell types include: fibrocytes, fibroblasts (Fig. 4), osteocytes 
and osteoblasts, chondrocytes and chondroblasts (FRANKE et al. 1978; OSBORN 
et al. 1984 b). Expression of vimentin filaments seems to be independent of 
germ layer derivation and even cells coming from the neuroectoderm express 
only vimentin, e.g. Schwann cells (Fig. 5c) (OSBORN et al. 1982b, 1986a). The 
situation appears more complex in bone marrow. Using polyclonal vimentin 
antibodies DELLAGI et al. (1983) have shown that mature cells of erythropoesis 
and thrombopoesis express neither vimentin nor other intermediate filaments 
types. In addition in primary cultures of plasma cells 30% of the cells could 
not be labeled with a vimentin antibody. 

Currently the question of whether all lymphatic cells express vimentin cannot 
be answered with certainty. Because of the close spatial relationship of hetero-
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Fig. 4. Ultrastructural immunogold staining of vimentin. Tissue from an infantile fibromatosis was 
fixed in phosphate buffered saline containing 1 % glutaraldehyde and 0,2% picric acid. It was then 
embedded at low temperature in Lowicryl K4M by standard procedures. Thin sections were incubated 
with the vimentin monoclonal antibody V 9 (diluted 1: 100 in 1 % ovalbumin in PBS), with rabbit 
antiserum to mouse IgGs [Dako, diluted 1: 100 (a) and 1: 1000 (b) in 1 % ovalbumin in PBS, and 
subsequently with protein-A-colloidal gold complex, particle size 15 nm (Janssen Life Science Prod
ucts) diluted 1: 25]. The sections were counterstained with uranyl acetate and lead citrate. a Fibroblast, 
x 21600, inset x 48900, b fibroblast, x 66600. (Courtesy R. ROMANOWSKI, Department of Pathology, 
University of Giessen) 
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Fig. 5. Distribution of desmin and vimentin in skeletal muscle. Muscle fibres are desmin positive 
(a) and vimentin negative (b). In contrast fibrous tissues are not stained by the desmin antibody 
but are clearly labelled by the vimentin antibody (b). Note the coexpression of desmin and vimentin 
in vascular smooth muscle (a, b, arrow). c Schwann cells in a case of ganglioneuroblastoma also 
express vimentin; however the ganglion cells (arrow) are unstained (a, b FITC; c peroxidase) (poly
clonal antibodies against desmin and vimentin) 

genous cell populations in lymph nodes biochemical investigation using micro
dissection is not possible. Thus all studies are at the moment based on immuno
histological findings using polyclonal or monoclonal antibodies against vimentin 
and it remains to be demonstrated whether the vimentin antibodies used in 
such studies have equivalent specifities. On the one hand, GroRNo (1985) has 
stated that nearly all lymphatic cells in the lymph node showed no staining 
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with the vimentin antibody he used; on the other hand our preliminary results 
on lymph nodes using several different vimentin antibodies, show that the major
ity of lymphatic cells do have vimentin filaments although there is a subset 
of lymphocytes which are not stained by such antibodies. This problem can 
only be fully solved by double labelling of the cells with monoclonal antibodies 
against vimentin and with antibodies directed against appropriate surface 
markers to define the lymphatic cells. Vimentin is also the only intermediate 
filament type present in granulosa cells of the ovary (CZERNOBILSKY et al. 1985; 
MOLL et al. 1986), Sertoli cells of the testis, as well as in Langerhans cells 
(LONING et al. 1982) and in melanocytes of skin (CASELITZ et al. 1983). 

5.2 Desmin 

Desmin is the intermediate filament protein characteristic of skeletal, cardiac 
and visceral smooth muscle where it is the only IF-type usually present in 
mature muscle cells (for review see THORNELL et al. 1983) (Fig. Sa, b). The 
situation is different in vascular smooth muscle. Many vascular smooth muscle 
cells are vimentin-positive and desmin-negative; others coexpress desmin and 
vimentin while a very small fraction show only desmin and no vimentin (FRANK 
and WARREN 1981; GABBIANI et al. 1981 a; SCHMID et al. 1982). The relative 
number of each cell type present varies with the particular blood vessel exam
ined. Thus for example in the aortic arch of the rat the vast majority of vascular 
smooth muscle cells are vimentin positive and desmin negative, while in the 
femoral and the external iliac arteries many cells coexpress desmin and vimentin 
(OSBORN et al. 1981). Antibodies to desmin clearly stain the Z-line of skeletal 
muscle, and in heart stain additionally the intercalated discs (LAZARIDES and 
HUBBARD 1976; HOLTZER et al. 1982; THORNELL et al. 1978; ALTMANNSBERGER 
et al. 1982, 1985). Desmin filaments seems to be anchored at the intercalated 
discs of cardiac muscle as well as at the cell boundary between cells of the 
Purkinje fibre where they abut on the desmosome-like structures (KARTENBECK 
et al. 1983). Currently it is not yet clear whether desmin is restricted in skeletal 
muscle only to the Z-discs or whether it is mainly localized in the interfibrillary 
space (see TOKUYAsu et al. 1983 for further discussion). 

6 Intermediate Filament Typing in Mesenchymal Tumors 

6.1 Desmin-Positive Tumors (Tables 1,2; Fig. 6) 

A positive reaction with desmin antibodies is characteristic for rhabdomyosar
coma, rhabdomyoma, leiomyosarcoma and leiomyoma (for review see ALT
MANNSBERGER et al. 1986b, c). We have investigated 31 cases of embryonal 
and alveolar rhabdomyosarcomas including the sarcoma botryoides subtype, 
and have shown that polyclonal or monoclonal antibodies against desmin posi
tively identify tumor cells irrespective of their state of differentiation (ALT-
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Table 1. Desmin-positive tumors 

1. Rhabdomyosarcoma 
2. Leiomyosarcoma, leiomyoma 

(ALTMANNSBERGER et al. 1982, 1985; MIETTINEN et al. 1982c) 
(EVANS et al. 1983; MIETTINEN et al. 1982b, c) 
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Table 2. Desmin positive tumors (own results, cryostat sections or ethanol-fixed and paraffin-embed
ded material) 

Diagnosis No. of Keratin b Vimentin Desmin Neuro-
cases KLt/ V 9/ DE-B-5/ filaments b 

polycl. polycl. polycl. NR4/ 
polycl. 

Leiomyoma (stomach/small intestine) 7 (+ )a + 
Leiomyosarcoma 6 (+ )a + 
Embryonal rhabdomyosarcoma 26 (+ )a + 
Alveolar rhabdomyosarcoma 6 (+ )a + 
Sarcoma botryoides 2 (+ )a + 

a In some tumor cells a coexpression of desmin and vimentin is seen. The percentage of cells in 
which such coexpression is observed varies with the tumor (see ALTMANNSBERGER et al. 1985) 
b Not all tumors have been examined with all IF antibodies. However when they have been tested 
they proved negative 
Polyclonal antibodies see OSBORN et al. (1982a) 
Monoclonal antibodies V 9 OSBORN et al. (1984a); DE-B-5 DEBUS et al. (1983a); NR 4/G-A-5 DEBUS 
et al. (1983b); KL 1 VIAe et al. (1983) 

MANNSBERGER et al. 1985). In alveolar rhabdomyosarcomas a coexpression of 
desmin and vimentin is consistently found in nearly all tumor cells (ALTMANNS
BERGER et al. 1982, 1985; MIETTINEN et al. 1982 c). Pleomorphic rhabdomyosar
comas are extremely rare and thus far no studies on intermediate filaments 
in this entitity have been published. MOLENAAR et al. (1985b) have reinvestigated 
tumors in which the first diagnosis done by routine light microscopic stains 
was pleomorphic rhabdomyosarcoma. All the tumors that were reinvestigated 
could not be labelled by the desmin antibody but clearly express vimentin. 
Since these tumors expressed 1-antitrypsin and 1-antichymotrypsin the authors 
reclassified these tumors as malignant fibrous histiocytomas, although it has 
to be emphasized that both markers can also be found in other mesenchymal 
tumors and even in carcinomas (RoHoLL et al. 1985a-c). The results on human 
rhabdomyosarcomas can be further supported by results in an animal model 
system. Rhabdomyosarcomas can be specifically induced by implantation of 
different heavy metals, including nickel or nickel-sulfide. When the heavy metal 
is injected into skeletal muscle rhabdomyosarcomas develop, but when it is 
implanted in bone or subcutaneous tissue fibrosarcomas are observed (see ALT
MANNSBERGER et al. 1985). The histologic features of the tumors induced by 
injection of nickelsulfide were of three different types. In the rhabdomyoblastic 
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Fig. 6. Human (a, b) and rat rhabdomyosarcoma (c) as well as a case of epitheloid leiomyosarcoma 
stained by antibodies to desmin (a, c, d) and vimentin (b). The human embryonal rhabdomyosarcoma 
(a, b) infiltrates preexisting skeletal muscle (a, b, arrow), while the tumor cells coexpress desmin 
and vimentin. The preexisting muscle is desmin positive and vimentin negative. Rat rhabdomyosarco
mas (spindle cell types) are clearly labeled by the desmin antibody. In a case of epithelioid leiomyosar
coma desmin antibody stains intracytoplasmatic globules (d, arrow) (a-i:, FITC; d, peroxidase labeled 
second, antibodies ; polyclonal desmin antibody) 
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type tumor cells were highly differentiated mimicking rhabdomyoblasts, and 
in a few scattered tumor cells cross striations could even be detected. The spindle 
cell type was characterized by elongated nuclei and a small rim of eosinophilic 
cytoplasm, whereas the round cell type, showed oval cells with eccentrically 
located nuclei. Both the spindle as well as the round cell type correspond to 
a lower degree of differentiation. A small percentage of tumors was built up 
of only a single histological type. In the majority of tumors the histologic type 
changed from area to area when these tumors were studied by immunohistology 
using antibodies against desmin and vimentin. We found using polyclonal des
min antibodies that all tumor cells were desmin-positive. Even in the less differ
entiated round and spindle cell type desmin expression could be documented. 
In contrast vimentin staining depended on the histologic type. It was consistently 
seen in the spindle and round cell type but was restricted to a few small cells 
in the rhabdomyoblastic type. Thus also in nickelsulfide-induced rat rhabdo
myosarcomas undifferentiated tumors coexpressed desmin and vimentin, while 
in the more differentiated tumors only desmin was detected. These findings 
should be considered in relation to a similar pattern of IF expression in skeletal 
muscle embryogenesis where in early stages of development desmin and vimentin 
are coexpressed, but in mature muscle only desmin is observed. 

Our results with human and rat rhabdomyosarcomas do not support the 
idea of a class of primitive rhabdomyosarcomas, which are vimentin positive 
and desmin negative. In all 31 cases of rhabdomyosarcomas which we have 
examined, a positive desmin staining was observed, regardless whether frozen 
sections, or ethanol fixed and paraffin embedded material (ALTMANNSBERGER 
et al. 1981, 1985) or smears were investigated. The advantages of desmin as 
a marker for rhabdomyosarcomas has been confirmed in studies from other 
laboratories (MIETTINEN et al. 1982c; MOLENAAR et al. 1985 a) although some 
authors have not always seen desmin in undifferentiated tumor cells of rhabdo
myosarcomas (GABBIANI et al. 1981 b; DENK et al. 1983; KAHN et al. 1983). 
These negative reactions may be attributable to the fact that different desmin 
antibodies were used and, more importantly perhaps, to the different fixation 
methods used in the studies cited above. Thus MOLENAAR et al. (1985a) detected 
desmin in primitive undifferentiated tumor cells of one rhabdomyosarcoma 
when frozen sections were used, but another portion of the same tumor fixed 
in formaldehyde and embedded in paraffin was desmin-negative. Since in the 
same study in well differentiated rhabdomyosarcomas desmin could be detected 
also after formalin fixation, the different reactivities may reflect quantitative 
differences in the amount of desmin present. 

When desmin is compared with other markers used in the differential diagno
sis of muscle sarcomas, it is important to note that desmin expression is an 
early event in muscle differentiation, as shown by its presence in replicating 
cell lines of muscle origin, such as the hamster cell line BHK and the human 
RD rhabdomyosarcoma line (FRANK et al. 1981; OSBORN et al. 1982a). From 
studies of muscle myogenesis in culture it seems clear that des min is expressed 
in the first generation of myoblasts and its synthesis probably precedes that 
of sarcomeric specific proteins such as the sarcomeric specific isoforms of actin 
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and myosin (HOLTZER et al. 1982) as well as of titin, a high molecular weight 
constituent protein of sarcomeric muscle (WANG et al. 1979; HILL and WEBER 
1986). Myoglobin expression seems to occur at an even later time point in 
sarcomeric muscle development. We suggest that the protein complement seen 
in different rhabdomyosarcomas can be used to assay how differentiated the 
tumor is. Undifferentiated tumors express desmin as well as in some cases muscle 
specific forms of actin, myosin and also the high molecular weight protein 
titin (OSBORN et al. 1986b). Moderately and well differentiated rhabdomyosarco
mas are characterized by increasing levels of the muscle specific forms of actin 
and myosin and by myoglobin expression. In the last few years there are several 
reports in which antibodies against actin and myosin have been used in the 
diagnosis of rhabdomyosarcoma (BUSSOLATTI et al. 1980; DONNER et al. 1983; 
TSOKOS et al. 1983). Unfortunately by far the majority of these antibodies react 
not only with the sarcomeric isoforms of actin or myosin respectively, but also 
crossreact with other actin and myosin isoforms, which form a part of the 
microfilament system in all cells of the organism. This crossreactivity is not 
suprising, since for example the isoforms of actin in vertebrates have nearly 
identical sequences (V ANDEKERCKHOVE and WEBER 1979). Using such antibodies 
only a small percentage of rhabdomyosarcomas can be labeled but other mesen
chymal tumors and even some epithelial neoplasms also show a strong positive 
reaction (BUSSOLATTI et al. 1980; DONNER et al. 1983). Polyclonal antibodies 
to sarcomeric myosin and actin cross absorbed on non-sarcomeric actin or 
myosin are probably skeletal muscle specific (DE JONG et al. 1984, 1985), but 
again these antibodies only label mature forms of rhabdomyosarcoma, because 
the tumor cells in undifferentiated cases have not started to produce the sarco
meric specific proteins. However a recent report by TSUKADA et al. (1987) en
courages further trials with actin specific antibodies. Although both myoglobin 
and titin are specific for sarcomeric muscle they share the disadvantage that 
they are expressed relatively late in muscle development and consequently are 
only detected in mature forms of rhabdomyosarcoma (KINDBLOM et al. 1982; 
MUKAI et al. 1979; OSBORN et al. 1986b). 

Thus desmin currently appears to be the best available marker for diagnosis 
of rhabdomyosarcomas especially for undifferentiated neoplasms. 

Desmin antibodies do not allow the separation of rhabdomyosarcomas from 
smooth muscle tumors, since leiomyomas and leiomyosarcomas in different 
locations also express desmin (MIETTINEN et al. 1982b; BONAZZI DEL POGETTO 
et al. 1983; EVANS et al. 1983). The distinction of rhabdomyosarcoma from 
leiomyosarcoma generally can be done on the grounds of morphology and 
from the clinical history. Preliminary data suggest that antibodies to titin may 
also allow a distinction, since expression appears characteristic of skeletal muscle 
and its tumors, but not of of smooth muscle and its tumors. Spindle cell tumors 
in the gastric wall which are classified as smooth muscle tumors when routine 
stains are used are of particular interest. Surprisingly these tumors are desmin
negative and vimentin-positive and in addition show positive staining with the 
S-100 protein. Thus they should better be classified as Schwann cell tumors 
(MAZUR and CLARK 1983). 
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Table 3. Vimentin-positive tumors 

1. All nonmuscular soft tissue tumors (ALTMANNSBERGER et at. 1986b, c) including granular cell 
tumor and glomus tumor 
But: synovial sarcoma and epithelioid sarcoma coexpress K and V 

2. Bone tumors (LONING et at. 1985) 
But: adamantinoma and chordoma K + 

3. Lymphomas and leukemias in some cases heterogenous staining (GABBIANI et at. 1981 b) 
4. Malignant melanoma (CASELITZ et at. 1983) 

K = Keratin; V = Vimentin 

Table 4. Vimentin Positive Tumors (own results, cryostat sections or ethanol-fixed and paraffin
embedded material) 

Diagnosis No. of 
cases 

Vimentin Desmin 
V 9/ DE-B-5/ 
polyct. polyct. 

Non-Hodgkin lymphoma (LB, CB, IB, 19 (+)a 
CC-CB, LP-immunocytoma) 

Hodgkin lymphoma 6 + 
Malignant histiocytosis 2 + 
Ewing's sarcoma 10 + 
Osteosarcoma 2 + 
Chondrosarcoma 2 + 
Soft tissue sarcoma 25 + 
(without muscle 

sarcomas, Synovial sarcomas, 
Epithelioid sarcoma) 

a In some cases not all lymphatic cells are stained 

Neuro
filaments b 

NR4/ 
polyct. 

Keratin b 

KL 1/ 
polyct. 

b Not all tumors have been examined with all IF-antibodies. However when they have been tested 
they proved negative 
C For polyclonal antibodies see OSBORN et at. (1982a) 
Monoclonal antibodies V9 OSBORN et at. (1984a); DE-B-5 DEBUS et at. (1983a); NR 4/G-A-5 DEBUS 
et at. (1983b); KL 1 VIAe et at. (1983) 

6.2 Vimentin-Positive Mesenchymal Tumors (Tables 3, 4; Fig. 7) 

These tumors are listed in Tables 3 and 4. 
The overwhelming majority of soft tissue tumors and of bone tumors 

(LONING et al. 1985; AL TMANNSBERGER et al. 1986 b) are vimentin-positive corre
sponding to their proposed origin from mesenchymal cells. Additionally in tu
mors such as glomus tumor and granular cell tumor (MIETTINEN et al. 1983 c, 
1984; SLOOTWEG et al. 1983), in which for the former a derivation from muscle 
and for the latter a neural origin was assumed by ultrastructural studies, vimen
tin is the only intermediate filament protein present. Exceptions expressing addi-
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Fig. 7. Liposarcoma (a), fibrosarcoma (b), malignant fibrous histiocytoma (c) and fibromatosis (d) 
stained by a polyclonal vimentin antibody. Note the positive staining of lipoblasts in liposarcoma 
(a, arrow). Muscle fibres in fibromatosis (d, arrow) are negative. (Polyclonal vimentin antibody: 
a-d FITC) 

tionally keratins include synovial sarcomas (MIETTINEN et al. 1982 a; MIETTINEN 

and VIRTANEN 1984) and epitheloid sarcomas (CHASE et al. 1984; CHASE and 
ENZINGER 1985) in the group of soft tissue tumors, and chordomas (MIETTINEN 

et al. 1983 b) as well as adamantinomas (ROSAI and PINKUS 1982) in the group 
of bone tumors. 
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Most Hodgkin and Non-Hodgkin lymphomas are vimentin-positive, but 
in some cases the staining is heterogenous and not all tumor cells are stained. 
It cannot be excluded that there is a group of Non-Hodgkin lymphomas lacking 
intermediate filaments, because in normal lymph nodes there are lymphocyte 
subsets which appear unstained by one or the other monoclonal vimentin anti
bodies. Our own data thus far do not support the findings of GIORNO (1985), 
and GIORNO and SCIOTTO (1985), who state that the majority of lymphomas 
express neither vimentin nor other intermediate filament polypeptides. It seems 
more likely that the negative reaction on these tumors was caused by the limited 
reactivity pattern of the vimentin antibody used by these authors, since this 
antibody did not react with any lymphatic cell in normal lymph nodes. 

Further differential diagnosis of the entities in the group of vim entin-positive 
tumors requires the use of additional markers. Suitable markers which can 
yield further diagnostic information include endothelial markers (ALLES and 
BOSSLET 1986) S-100 (e.g. WEISS et al. 1983) histiocytic markers (ROHOLL et al. 
1985a-c) or leucocyte common antigen (for review see ALTMANNSBERGER et al. 
1986b, c). 

6.3 Keratin-Positive Mesenchymal Tumors (Tables 5, 6; Fig. 8) 

The third main group is the keratin-positive mesenchymal tumors. The existence 
of this group was a surprising finding, because originally keratin-positivity ap-

Table 5. Keratin-positive mesenchymal tumors 

1. Synovial sarcoma K + V + (MIETTINEN and VIRTANEN 1984) 
Monophasic synovial sarcoma most cells V + K -, some cells coexpress V and K (MIETTINEN 
eta1.1983a) 

2. Epithelioid sarcoma K+ V + (CHASE et al. 1984) 
3. Chordoma K + V + (MIETTINEN et al. 1983 b) 

K = Keratin; V = Vimentin 

Table 6. Keratin-positive mesenchymal tumors (own results, cryostat sections or ethanol-fixed and 
paraffin-embedded material) 

Diagnosis No. of Keratin Vimentin 
cases KL 1/ V 9/ 

polycl. polycl. 

Biphasic synovial sarcoma 2 +' +b 
Monophasic synovial sarcoma 5 ( + )3/5 +5/5 
Epithelioid sarcoma 1 + + 

• Epithelial part + b Mesenchymal part + 
+ 95% of tumor cells positive; (+) 5% tumor cells positive 
Polyclonal antibodies see OSBORN et al. (1982a) 

Desmin Neuro-
DE-B-5/ filaments 
polycl. NR5/NF-MIX 

Monoclonal antibodies V9 OSBORN et al. (1984a); DE-B-5 DEBUS et al. (1983a); NR4/G-A-5 DEBUS 
et al. (1983 b); KL 1 VIAe et al. (1983) 
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Fig. 8. Epithelioid sarcoma (3) and biphasic synovial sarcoma (b) stained by the monoclonal keratin 
antibody KL1. Tumor cells are positive (arrow), mesenchymal cells are negative (3, b peroxidase 
labeled second antibodies) 

peared restricted to carcinomas (ALTMANNSBERGER et al. 1982, 1986a, 1987; 
OSBORN and WEBER 1983; MOLL et al. 1982, 1986). However keratin was soon 
detected in synovial sarcomas (MIETTINEN et al. 1982a; MIETTINEN and VIR

TANEN 1984; SALISBURY and ISAACSON 1985) in epitheloid sarcomas (CHASE et al. 
1984; CHASE and ENZINGER 1985), in adamantinoma of tibia (ROSAI and PINKUS 
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1982) and in chordomas (MIETTINEN et al. 1983b). Most of these tumors co
express keratin and vimentin. In monophasic synovial sarcomas the majority 
of tumor cells were vimentin-positive with a few scattered tumor cells expressing 
keratin and vimentin (MIETTINEN et al. 1983a). 

The transformation of mesenchymal cells to epithelial cells is perhaps best 
studied in nephroblastomas. In a first step cells of the undifferentiated blastema 
only synthesize vimentin. In a second step keratin and vimentin are coexpressed 
and finally when tubules are formed vimentin expression is lost and keratin 
is the only intermediate filament system found (ALTMANNSBERGER et al. 1984). 

6.4 Alveolar Soft Part Sarcoma 

Alveolar soft part sarcoma is a tumor of unknown histogenesis. The hope that 
intermediate filament typing would have solved the problem, has not yet been 
fulfilled. Controversal results have been published by two different groups. We 
have investigated two cases, one of which was negative when tested with different 
intermediate filament antibodies (OSBORN et al. 1982b) whereas the second case 
showed a focally positive reaction with the vimentin antibody (JUNDT et al. 
1984). This is in contrast to two other reports, which demonstrated coexpression 
of desmin and vimentin and suggested an origin from muscle cells for alveolar 
soft part sarcoma (DENK et al. 1983; MULLER and STUTTE 1984). 

7 Conclusions 

There is abundant evidence that intermediate filaments can be used as cell 
type specific markers both for normal tissue and for tumors. The results of 
intermediate filament typing in mesenchymal tumors and its diagnostic relevance 
is shown above. This system can also be used to solve other problems in surgical 
pathology (for review see OSBORN and WEBER 1983). One of the most useful 
applications of intermediate filament typing is to differentiate the round cell 
tumors of children, thus rhabdomyosarcomas are desmin positive, the majority 
of malignant lymphomas as well as Ewing sarcomas contain only vimentin 
and neuroblastomas show positivity for neurofilaments (OSBORN et al. 1986a). 
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The differential diagnosis of sarcomas is difficult. Different sarcomas can exhibit 
almost identical histological features when examined with light microscopic tech
niques. The visualization of structural and functional proteins in the tumor 
cells, using immunohistochemical methods, is an important factor in establishing 
a precise diagnosis. However, it is imperative to be familiar with the reaction 
range of the antibodies of the different tumors. The literature does not provide 
uniform findings with regard to the reaction range of "histiocytic" markers 
and thus far, there are no systematic investigations for ferritin and transferrin 
when applied to soft tissue tumors. This is why, in addition to the literature, 
we rely on our investigations carried out on 73 soft tissue sarcomas and 16 
benign soft tissue lesions. Antisera have been used against the following pro
teins: desmin (Euro Diagnostics), myoglobin, lysozyme, O(l-antitrypsin, O(l-anti
chymotrypsin, ferritin, transferrin, factor VIII -related antigen, and S-100 protein 
(all from Dako). Myosin was identified on frozen sections of selected tumors 
with monoclonal antibodies. 

• This study was supported by the Deutsche Forschungsgemeinschaft (MO 384/1-2) and the Tumor
zentrum Heidelberg/Mannheim 
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2 Myosin 

Myosin is a globular enzyme acting both as ATPase and a fibrous structural protein simultaneously. 
Myosin from smooth muscle and myosin from striated muscle have slightly different molecular 
properties which account for their different contractile regulatory mechanisms. A single monomeric 
myosin molecule always contains two identical heavy chains (MW 200 kD) and two pairs of light 
chains of two different types (MW ~22 kD). Each heavy chain consists of a globular headpiece 
and a long rodlike IX-helical part. Bound to each myosin head are the two molecules of light chains, 
one of each type. Movements of the head are important in generating the force of contraction 
in muscle. Myosin reversibly binds to actin. The regular array of actin and myosin filaments form 
the element of a myofibril (DARNELL et al. 1986). 

Myosin has been isolated from smooth muscle (PINKUS et al. 1986) and non-muscle cells (WEBER 

and GROESCHEL-STEWARD 1974), although myosin filaments are not visible in the latter cells by 
using standard electron microscopic techniques (LONGTINE et al. 1985). Since myosins have a high 
variability in primary structure and enzymatic activity in different cell types (SYVORY 1979), antibodies 
have been raised. They discriminate among myosins (LONGTINE et al. 1985; SAKU et al. 1985). Anti
myosin antibodies have then been used in diagnostic pathology (HIRAMOTO et al. 1961; UNSICKER 
et al. 1978; MACARTNEY et al. 1979; DRENCKHAHN et al. 1980; DONNER et al. 1983; LEMANSKI and 
Tu 1983; DE JONG et al. 1984; HAYASHI et al. 1984; SAKU et al. 1985; SCHIAFFINO et al. 1986; SCUPHAM 
et al. 1986). 

The heterogeneity of myosins and antibodies hampers the analysis of the 
data in literature concerning the diagnostic value of myosin in mesenchymal 
tumors. In the diagnosis of rhabdomyosarcoma, anti-myosins have been found 
superior to anti-myoglobins (see below); (DE JONG et al. 1984) since they were 
found in both the well-differentiated and poorly-differentiated variants; the 
latter failed to show staining for myoglobin. Pleomorphic rhabdomyosarcomas 
were also positive for myosin, while malignant fibrous histiocytomas, liposarco
mas, schwannomas, and leiomyosarcomas were negative. Others, however, 
found myoglobin in leiomyomatous tumors (BURES et al. 1981). Even epithelia 
reacted with some of the antisera (DRENCKHAHN et al. 1980; TSOKOS et al. 1983). 
In recent studies (SCUPHAM et al. 1986; TSOKOS and TRICHE 1986) the superiority 
of myosin to myoglobin was questioned since myosin failed to be detectable 
in poorly differentiated rhabdomyosarcomas. 

Apart from the nosological or diagnostic question of whether and to what 
extent myoglobin occurs in myogenic tumors, there is now a problem in specify
ing the antibodies described and used. Those monoclonal antibodies that are 
sufficiently characterized (LONGTINE et al. 1985; PINKUS et al. 1986) are not 
yet commercially available. Therefore, the diagnostic and differential diagnostic 
value of myosin is still unclear. 

Our own experience with monoclonal antibodies to myosin is very prelimi
nary. Four monoclonal antibodies, kindly provided by H.A. Katus and his 
co-workers (Dept. oflnternal Medicine III (Cardiology) at Heidelberg Universi-

Fig. 1. a Myosin immunoreactivity in normal skeletal muscle fibers by the monoclonal antibody [> 

1B2/1H4; x 160. b Myosin immunoreactivity in normal skeletal muscle is restricted to some fibers; 
anti-myosin 4B8/1A 7; x 160. c Demonstration of myosin microfilaments in the muscle layer of small 
intestine; monoclonal anti-myosin antibody 5C9/3E2; x 160. d Rhabdomyosarcoma:desmin immuno
reactivity is seen in some cells; x 250. a-d PAP method; AEC; haematoxylin counterstain 
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Fig. 2. a Aggressive fibromatosis: myoglobin reaction in the underlying muscle fibers; tumor cells 
negative; x 250. b Same tumor as a: note the myoglobin immunoreaction in normal skeletal muscle 
fibers; x 160. c Rhabdomyosarcoma: myosin immunoreaction in some spindle-shaped or strap-like 
tumor cells; x 250. a-<: PAP method; AEC; haematoxylin counterstain 



-" I 

Fig. 3. a Immunoreaction of jactor VIII-associated antigen in a malignant haemangioendothelioma; 
x 140. b Kaposi sarcoma (note the discontinuity of swollen endothelial cells): FVIIIaAg in the endothe
lium as well as in the cytoplasm of some tumor cells (arrows); x 140. c, d Desmin immunoreaction 
in leiomyosarcomas; x 140. e Myosin immunoreaction in embryonal rhabdomyosarcoma is restricted 
to some cells; x 140. f Protein S-100 immunoreactivity in interdigitating reticulum cells of a dermato
pathic lymphadenitis; x 140. g Neurofibroma with numerous protein S-lOO-positive Schwann cells; 
x 90. a-g PAP method; AEC; haematoxylin counterstain 
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Table 1. Myogenic marker proteins 

Desmin Myoglobin Myosin 

Rhabdomyoma 
Rhabdomyosarcoma + (+) +/_a 

Leiomyoma 
Leiomyosarcoma + +/_a 

+ positive in most cases; ( + ) positive in the minority of cases 
a depends on myosin subtype and specifity of antibody 

H.F. OTTO et al. 

ty) were initially raised against human cardiac myosin (KATUS et al. 1982, 1984; 
KHAwet al. 1982, 1983). The tissue specificity was determined by using immuno
histological methods on frozen sections. The antibody 5C9/3E2 is restricted 
in binding to smooth muscle of the gastrointestinal, bronchial and urogenital 
tract, excluding vascular smooth muscle cells (Fig. 1 c). It does not react with 
myocardium. The antibody 1B2/1H4 always recognizes striated muscle cells 
and binds to atrial myocardium and to the myocardium of the right ventricle, 
whereas it does not recognize the muscle fibres of the left ventricle. The mono
clonal antibodies 4B8/1A 7 and 2D7 /1 C2 have a very similar binding pattern 
in normal organs: smooth muscle cells are not stained, while myocardium is 
completely stained, but only 50% of the skeletal muscle fibres show a specific 
binding (Fig. 1 b). No cross-reactivity with non-myogenic cells was noted. With 
these four reagents we tested three embryonic rhabdomyosarcomas and one 
proliferating leiomyoma. The leiomyoma was stained by neither antibody. The 
rhabdomyosarcomas contained a varying number of positive tumor cells that 
were, however, scarce or even nearly absent (Figs. 2c, 3e). Best results for the 
positive staining were obtained by 1B2/1H4, the antibody that binds to 100% 
of the skeletal muscle fibres (Fig. 1 a). A control series of liposarcomas, fibrosar
comas and malignant fibrous histiocytomas was completely unreactive, indicat
ing that myosin, if ever expressed, seems to be specific for myogenic tumors. 
However, more data will have to be collected to support this view. For this 
reason, statements concerning the diagnostic value in comparison to other myo
cytic markers should be postponed (Table 1). 

3 Myoglobin 

Myoglobin as a momomeric oxygen-binding protein is evolutionarily related to haemoglobins (BLAN

CHETOT et at. 1983). It has a molecular weight of 17.8 kD and is a cytoplasmic constituent of normal 
skeletal and cardiac muscle fibres. Although all skeletal muscle fibres contain myoglobin, its concen
tration varies. The type I (red) fibres are rich in myoglobin and show a slow-sustained contraction, 
whereas type II (white) fibres exhibit a rapid short contraction and are poor in myoglobin (KAGEN 

1973). Since most muscles contain a mixture of fibre types, immunohistology gives rise to a checker
board pattern for myoglobin. 
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Since the first observation of myoglobin in a myogenic tumor (MUKAI et al. 
1979) it has since been proclaimed as a marker for tumors of skeletal muscle 
differentiation (CORSON and PINKUS 1981; BROOKS 1982), although the sera 
applied showed, at least in some hands, cross-reactivity with nonmuscular cells 
(EUSEBI et al. 1984). Using antisera to myosin, MUKAI et al. (1980a) succeeded 
in demonstrating rhabdomyoblastic cells in 40% of 25 uterine and ovarian 
miillerian tumors. Thus, the immunohistochemical method was superior to the 
conventional proof of cross-striations which are indicative of this special differ
entiation. Likewise, GIANGASPERO et al. (1981) found myoglobin in rhabdo
myoblastic cells of Wilms' tumors. DICKINSON et al. (1983) successfully applied 
anti-myoglobin to demonstrate rhabdomyoblastical differentiation in a medul
loblastoma. DAIMARU et al. (1984) used myoglobin antisera to stain the rhabdo
myoblastically differentiated parts of" Triton" tumors. 

The data on frequency of myoglobin containing rhabdomyosarcomas vary 
considerable in literature: CORSON and PINKUS (1981): 13/17; BROOKS (1982): 
25/28; KAHN et al. (1983b): 16/53 of the embryonal vs. 8/12 of the alveolar 
type; KAGAWA et al. (1983): 13/26; JONG et al. (1984): 11/23; RoYDS et al. (1985) 
18/26; EUSEBI et al. (1986): 10/15. 

Our data, based on 73 soft tissue sarcomas and 16 benign lesions with 
a polyclonal antiserum (Dakopatts, Denmark), illustrate the high specificity 
but low sensitivity of myoglobin as a marker for malignant skeletal tumors. 
Only 2/8 rhabdomyosarcomas were specifically stained in a considerable but 
minor part of the neoplastic cell popUlation, while normal skeletal muscle regu
larly served as intrinsic or extrinsic positive control. It is important not to 
regard stained cells as positive when they are apparently necrotic or are adjacent 
to areas of necrosis, since this can be observed with a multitude of antisera. 
On the other hand, specifically stained fibers or cellular buds must not be 
regarded as intrinsic parts of the tumor while they are actually degenerating 
or regenerating non-neoplastic muscle fibers (Fig. 2a). This is not always easy 
to assess. In order to exclude errors, the direction of stained fibers proved 
to be helpful (Fig. 2b). In case of unidirectional arrangement, specifically stained 
fibers or single cells ought to be regarded as remnants of normal muscle. Keeping 
these pitfalls in mind, we had no false positive results in our series. 

It is still controversial whether myoglobin is a more sensitive marker for 
rhabdomyosarcoma than myosin or vice versa. Some authors (JONG et al. 1984; 
EUSEBI et al. 1986) who have anti-fast myosin antibodies at their disposal, claim 
that this special type of myosin is superior to myoglobin in detecting rhabdo
myoblasts. RoYDS et al. (1985) favour p-enolase and KAHN et al. (1983b) prefer 
creatine kinase to myoglobin. There is, nevertheless, agreement that desmin 
is the most reliable marker for myogenic tumors (see also chapter 7). In our 
series, 10/11 tumors of this category stained for desmin, and only 1 rhabdomyo
sarcoma was unreactive. However, our series contained 2 leiomyosarcomas and 
one myogenic sarcoma that could not further specified (Figs. 1 d, 3c, d). This 
indicates that the desmin reaction cannot distinguish between leiomyogenic and 
rhabdomyogenic tumors (GABBIANI et al. 1981; ALTMANNSBERGER et al. 1982; 
MIETTINEN et al. 1982; DENK et al. 1983). 
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4 Lysozyme 

Lysozyme (muramidase), first described by FLEMING (1922) as a bacteriolytic substance, is a carbohyd
rase acting on cell wall of susceptible bacteria through cleavage of P(l--4)linkages between N-actetyl 
muraminic acid and N-acetyl glucosamine (STROMINGER and TIPPER 1974). Among mesenchymal 
cells, lysozyme is found in monocytes (FLANAGAN and LIONETTI 1955), mature myeloid cells (BRIGGS 
et al. 1966) and histiocytes (OSSERMAN 1975). Since the classical immunohistochemical studies of 
KWCKARS and RilITAMO (1974) and MASON and TAYWR (1975) on the tissue distribution ofiysozyme, 
it is regarded as a reliable marker indicating the myelomonocytic origin of mononuclear cells in 
the lymphoid system and in inflammatory tissues. 

There are reports of marked positivity for lysozyme in neoplastic histiocytes 
of malignant histiocytosis (MEISTER et al. 1980; MENDELSON et al. 1980; VILPO 
et al. 1980; BURGDORF et al. 1981 a; ROHOLL et al. 1985). Juvenile xanthofibroma 
was found to consist predominantly of lysozyme-positive histiocytic cells (SON
ODA et al. 1985; SE~ et al. 1986). While BROOKS et al. (1984) detected lysozyme 
in the tumor cells of a malignant giant cell tumor of the bone, LING et al. 
(1986) found lysozyme only in the giant cell tumors of the tendon sheath among 
the 24 giant cell tumors they examined. The tumor cells of histiocytosis X, 
however, do not contain lysozyme (MOTOI et al. 1980; NAKANISHI et al. 1982). 
In proliferative and neoplastic fibrohistiocytic lesions, lysozyme expression 
turned out to be a rare phenomenon. NAKANISHI et al. (1982) detected lysozyme
positive cells in 13/100 dermatofibromas, 1/4 xanthogranulomas and 8/33 malig
nant fibrous histiocytomas; 13 cases of dermatofibrosarcoma protuberans were 
unreactive. FLETCHER et al. (1985) confirmed the lack of lysozyme in dermatofi
brosarcoma protuberans. In the series of ROHOLL et al. (1985), again, only 2/77 
malignant fibrous histiocytomas were classified as lysozyme-positive, in the se
ries of KINDBLOM et al. (1982) only 1/31 cases. Lysozyme could thus be charac
terized as a marker reliable only for monocytes/macrophages. When raising 
the question of whether tissue histiocytes are of myeloid origin or not, WOOD 
et al. (1985) emphasized that the histiocytic cells of malignant fibrous histiocy
toma do not express the antigenic or enzyme-histochemical features of the my
elogenic macrophages and are thus derived from primitive mesenchymal cells 
as suggested by electron microscopy (Fu et al. 1975; TAXY and BATTIFORA 1977; 
ALGUACIL-GARCIA et al. 1978). This handsome concept, however, is challenged 
by recent data on the expression of differentiation antigens detected by mono
clonal antibodies (STRAUCHEN and DIMITRIU-BoNA 1986). 

Using a well-established antiserum (Dakopatts, Kopenhagen, Denmark), we 
observed in our series (Table 2) scattered lysozyme containing tumor cells in 
2/5 malignant fibrous histiocytomas, and in considerable proportions of atypical 
cells in 2/5 sarcomas not further specified, 1 sarcoma of spindle-cell type, and 
1 sarcoma of pleomorphic type (Fig. 4d). In this context, it is noteworthy that 
1/3 cases of dermatofibrosarcoma protuberans were clearly lysozyme-positive. 
Nevertheless, all our myogenic, lipogenic and fibrogenic tumors were unreactive. 
It is important not to misinterpret intermingled phagocytic histiocytes, masto
cytes and granulocytes as part of the neoplastic population. Furthermore, areas 
of necrosis of necrotic cells may be artifactually stained. 
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Table 2. Pattern of reactivity of 73 soft tissue sarcomas and 16 benign lesions with antisera to 
lysozyme, AAT, ACT, ferritin, and transferrin 

Diagnose" Lysozyme AAT ACT Ferritin Trans-
ferrin 

n n:pos. b n:pos. n:pos. n:pos. n:pos. 

Lipoma 1 0 0 0 0 0 
Leiomyoma 1 0 0 0 0 0 
Fibroma 1 0 0 0 0 0 
Dermatofibroma/cut. histiocytoma 3 0 2 2 1 1 
Fasciitis 2 0 0 0 1 0 
Neurofibroma 1 0 0 1 1 0 
Schwannoma 1 0 0 1 0 1 
Liposarcoma 23 0 6 22 12 9 
Leiomyosarcoma 2 0 0 1 0 0 
Rhabdomyosarcoma 8 0 1 5 3 4 
Myogenic sarcoma, n.f.sp. b 1 0 0 1 0 1 
Fibrosarcoma 2 0 1 1 1 1 
Dermatofibrosarcoma protuberans 3 1 0 2 1 1 
Aggressive fibromatosis 3 0 0 2 2 3 
Malignant fibrous histiocytoma 5 2* 4 5 4 4 
Infantile hemangiopericytoma 1 0 0 1* 0 0 
Hemangiopericytoma 2 0 2 1 0 
Malignant hemangioendothelioma 1 0 1 1 1 1 
Malignant synovialoma 2 0 0 2 0 1 
Neurogenic sarcoma 2 1 0 1 0 0 
Neuroblastoma 1 0 0 0 0 0 
Epithelioid sarcoma 2 0 0 0 2 0 
Spindle cell sarcoma, n.f.sp. 11 1 4 6 4 6 
Pleomorphic sarcoma, n.f.sp. 4 1 2 3 1 2 
Sarcoma, n.f.sp. 6 0 0 3 3 3 

Total 89 

" Diagnosis made on conventional histological grounds 
b n.f.sp.: not further specified; n: pos.: number of tumors characterized as "positive"; *: weak 
reactivity 

To conclude, we regard lysozyme as a marker which, among mesenchymal 
cells, is generally restricted to the monocyte/marcophage/epithelioid cell system 
(MASON and TAYLOR 1975). It is very useful in detecting myeloid metaplasia 
of lymph nodes in the course of myelomonocytic leukaemia and chloromas 
in other sites (Fig. 5d). Lysozyme may become the most reliable conventional 
marker for" true" histiocytic lymphomas, since ocl-antitrypsin has recently lost 
its alledged cell type specificity among the cellular constituents of the immune 
system (STEIN et al. 1984). In initial immunodiagnosis of soft tissue tumors, 
lysozyme is a marker of second choice, because of its low sensitivity (Figs. 4d, 
Sa, b). In case of positive immunoreactivity, however, it may be an aid in 
discriminating between malignant fibrous histiocytoma and other tumors of 
comparable morphology (Table 2). 
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Fig. 4. a Transferrin reaction in a rhabdomyosarcoma .. x 140. b Ferritin immunoreactivity in individual 
cells of a pleomorphic liposarcoma; x 140. c Fe/Til ill immunorcaction in the majority of tumor cells 
of a malignant fibrous histocytoma; x 90. d Lysozyme reaction in randomly distributed cells of 
a malignant fibrous histiocytoma; x 160. e ACT reaction in most cells of a round cell liposarcoma; 
x 90. f AATimmunoreaction in slender processes offibrosarcoma cells; x 140. g AATin apleomorphic 
liposarcoma is restricted to some cells; x 140. a-g PAP method; AEC; haematoxylin counterstain 



Fig. 5. a Tumor-fonning subtype of myelo-monocytic leukaemia: lysozyme in scattered leukaemia 
cells; x 250. b Malignant histiocytosis of the intestine: lysozyme immunoreactivity in some tumor 
cells ; x 400. c Angiogenic sarcoma, H & E stain, x 250; inset: Demonstration of AAT in individual 
tumor cells; x 250. d Fibrosarcoma: ACT immunoreaction in a large number of spindle-shaped 
tumor cells; x 250. 3-d PAP method; AEC ; haemetoxylin counterstain 
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5 Alpha-I-Antitrypsin 

lXi-antitrypsin (AAT), a glycoprotein of 51 kD (CARRELL et al. 1982), is the major component of 
the 1X,-e1ectrophoretic band of the human plasma proteins and is capable of inhibiting a variety 
of proteolytic enzymes, such as trypsin, chymotrypsin, kallikrein and the neutral proteases of poly
morphonuclear leukocytes (MORSE 1978). By this effect, AAT inhibits the inflammatory process, 
in the course of which these enzymes are released by various participating cell types (BREIT et al. 
1982). Furthermore, AAT inhibits chemokinesis and chemotaxis of neutrophils and monocytes (BREIT 
et al. 1983). Reduced levels of AAT as a consequence of a genetic deficiency are associated with 
pulmonary emphysema and juvenile cirrhosis of the liver (for review see CARRELL et al. 1982). This 
protein is synthesized by liver cells (ASOFSKY and THORBECKE 1961; ALPER et al. 1980), monocytes 
(WILSON et al. 1980; VAN FURTH et al. 1983) and macrophages (GUPTA et al. 1979; ISAACSON et al. 
1979, 1981), but not in normal peripheral lymphocytes (VAN FURTH et al. 1983). This is why AAT 
was regarded for several years as a marker - among mesenchymal cells - to be specific for monocytes 
and histiocytes. 

Since the tumor cells contained AAT, a highly malignant lymphoma of 
the intestine was called" malignant histiocytosis" (ISAACSON and WRIGHT 1978; 
ISAACSON et al. 1981, 1982). AAT was then detected in Hodgkin and Sternberg
Reed cells (POPPEMA et al. 1978; PAYNE et al. 1982), a finding interpreted as 
a consequence of their histiocytic origin. At present, both concepts are chal
lenged since STEIN et al. (1984) claimed to have detected AAT in malignant 
T cells. 

Like cx1-antichymotrypsin, AA T turned out to be of minor value in the 
differential diagnosis of soft tissue tumors. ROHOLL et al. (1985) found both 
markers in the majority of cases of "true" malignant histiocytosis, whereas 
they were detectable only in the minority of cases of malignant fibrous histiocy
toma. Within the latter group, cases of the storiform subtype were less frequently 
stained then the pleomorphic or giant cell subtypes. These data are in sharp 
contrast to the results of KINDBLOM et al. (1982) who found AAT in 18/22 
pleomorphic fibrous histiocytomas, but in 0/5 spindle-cell types of this tumor. 
NATHRATH and REMBERGER (1986) discussed whether some rare cases of granular 
cell tumor were of histiocytic origin since they found AAT in 1/5 such cases. 
In our series (Table 2) we observed AAT in soft tissue tumors of different 
types including rhabdomyosarcoma, liposarcoma, hemangiopericytoma, en
dothelioma and even Schwannoma (Figs. 4f, g, 5c). At present we doubt wheth
er this marker is likely to be a helpful tool for a specific differential diagnostic 
problem. 

6 Alpha-I-Antichymotrypsin 

cx1-antichymotrypsin (ACT) like AAT acts as a protease inhibitor on chymotryp
sin, catepsin D, elastase, collagenase, urokinase, renin, kallikrein, Hageman
factor, thrombin and plasmin (TRAVIS et al. 1978; BEATTY et al. 1980). Among 
non-epithelial cells, ACT is presently regarded as a monocyte/macrophage 
marker (PAPADIMITRIOU et al. 1978). However, there are very few reports on 
this issue in the literature (BRAUNHUT et al. 1984; MEISTER et al. 1980). Cytoplas
mic presence of ACT was used as an additional argument to support theories 
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on the monocyte origin of Hofbauer cells in the placenta (BRAUNHUT et al. 
1984) and of Hodgkin cells (PAPADIMITRIOU et al. 1978). ROHOLL et al. (1985) 
found co-expression of ACT and AAT in "true" malignant histiocytosis, and 
ISAACSON et al. (1982) in malignant histiocytosis of the intestine. Only a minority 
of the malignant fibrous histiocytomas examined by ROHOLL et al. (1985) con
tained ACT -positive tumor cells. In our series of soft tissue tumors ACT, unlike 
AAT, proved to be synthesized by 5/5 malignant fibrous histiocytomas, 2/3 
dermatofibromas, in 2/3 cases of dermatofibrosarcoma protuberans, 5/8 rhabdo
myosarcomas, 22/23 liposarcomas, in 2/2 haemangiopericytomas and others 
(Table 2; Figs. 4e, 5d). Therefore, ACT was of no help in discriminating among 
these. Our numbers were too small to allow statements concerning the negative 
tumors (epithelioid sarcomas, neuroblastoma, myoma, fibroma, lipoma). If 
these tumor types were consistently ACT -negative, ACT could claim some dif
ferential diagnostic relevance. This point needs further study. 

7 Protein S-100 

In 1965, MOORE was able to isolate a protein from rat brain which has been called "S-l 00" due 
to its solubility in 100% ammonium sulfate at neutral pH. The heterogeneous protein fraction 
consists of two subunits (a and fJ) which form heterodimers in solutions (IsoBE et al. 1978, 1981, 
1983). From ox brain, three S-100 isoforms can be purified, i.e. S-100 ao, S-100a and S-100b that 
are characterized by the same molccular weight (21 kD) and similar pH (about 4.3). They differ, 
however, in their subunit composition (aex, afJ and fJfJ, respectively; ISOBE et al. 1978, 1981, 1983). 
The physiological role of this dimerization is not clear. Amino acid sequence analysis of the a
and fJ-subunits (ISOBE et al. 1978, 1981) demonstrated that both are characterized by a sequence 
of 24 amino acids highly homologous to the calcium-binding domain (TUFTY and KRETSINGER 1975), 
suggesting that the S-100 protein is evolutionarily related to the family of calcium-binding proteins 
such as calmodulin. A crude S-100 fraction containing S-100a and S-100b has been shown to be 
involved in the Ca2+ -mediated control of the assembly and disassembly of brain microtubule proteins 
in vitro (BAUDIER etal. 1982; DONATO 1983; ENDO and HIDAKA 1983). In addition, S-100 (a+b) 
interferes with the nucleation and the elongation of microtubule proteins by interacting with tubulin 
(DONATO 1984a, b). Furthermore, S-100 (a+ b) is a Zn2 + -binding protein. Recent reports by DONATO 
and co-workers (1985) demonstrate that single S-100 isoforms have similar, if not identical, effects 
in the presence of Ca 2 + , i.e. the inhibition of assembly and promotion of disassem bly of microtubule 
proteins. In the presence of Zn2 +, rat S-100 and ox S-100a and S-100b inhibit assembly, while 
S-100ao yields no effect. 

There have been many efforts to demonstrate the cellular and tissue distribution of S-100 by 
immunocytochemical methods. Originally regarded as a brain-specific protein (BOCK 1978; ZOMZELY
NEURATH and WALKER 1980) and demonstrated in astrocytes, oligodendrocytes and ependymal cells 
(MATUS and MUGHAL 1975; YAMAGUCHI 1980; LUDWIN et al. 1981), protein S-100 was then observed 
in Schwann cells and supportive cells of the peripheral (NAKAJIMA et al. 1982; STEFANSSON et al. 
1982b) as well as in the autonomic nervous system (COCCHIA and MICHETTI 1981; FERRI et al. 
1982; KONDO et al. 1982). Since that time, an increasing number of mesenchymal and epithelial 
cell types are reported to show S-100 immunoreactivity such as interstitial cells of the pineal gland 
(MOLLER et al. 1978), stellate cells of the adenohypophysis (NAKAJIMA et al. 1980), melanocytes 
(NAKAJIMA et al. 1982), satellite cells of the adrenal medulla (COCCHIA and MICHETTI 1981), chondro
cytes (STEFANSSON et al. 1982c), fat cells (MICHETTI et al. 1983), interdigitating reticulum cell in 
T -dependent areas of peripheral lymphoid tissue (Tabl. lIt) and in human thymic medulla (TAKAHASHI 
et al. 1981; NAKAJIMA et al. 1982; MECHTERSHEIMER et al. 1986), Langerhans cells of the epidermis 
(NAKAJIMA et al. 1982) and tubular epithelium of rat kidney (MOLIN et al. 1985) as well as salivary 
gland epithelium (MOLIN et al. 1985; NAKAZATO et al. 1985). 
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In correlation with its distribution in normal cells, protein S-100 immunore
activity has been found in neuroectodermal and Schwann cell tumors, malignant 
melanomas, lipo- and chondrosarcomas, chordomas, histiocytosis X as well 
as salivary gland tumors (for reviews see: HAGLID et al. 1973; NAKAJIMA et al. 
1982; STEFANSSON et al. 1982a; KAHN et al. 1983a; NAKAMURA et al. 1983; 
WEISS et al. 1983; TERENGHI et al. 1984; NAKAZATO et al. 1985; SCHMIDT et al. 
1985; SHIMADA et al. 1985; KIMURA et al. 1986). 

Within the spectrum of soft tissue tumors, protein S-100 immunoreactivity 
has been detected in benign tumors of the nerve sheath including neurinoma, 
schwannoma, neurofibroma (Figs. 3g, 6a), nerve sheath myxoma and traumatic 
neuroma (NAKAJIMA et al. 1982; STEFANSSON et al. 1982a; WEISS et al. 1983; 
KAHN et al. 1983a; ANGERVALL et al. 1984). This finding is highly important 
concerning the differential diagnosis of protein S-100 negative meningiomas 
and leiomyomas which can exhibit similar or nearly identical histiological fea
tures and a very similar topographical distribution (y AMAGUCHl1980; NAKAJIMA 
et al. 1982; STEFANSSON et al. 1982a; KAHN et al. 1983a). 

In malignant schwannomas and neurogenic sarcomas, however, protein S-
100 shows a wide range of expression including neoplasms completely lacking 
this protein. In neurogenic sarcomas associated with von Recklinghausen's dis
ease and malignant nerve sheath tumors originating from a nerve trunk, the 
great majority of tumors expresses protein S-100 when investigated with im
munocytochemical methods (WEISS et al. 1983; HERRERA and PINTO DE MORAES 
1984; NAKAJIMA et al. 1984; DAIMARU et al. 1985; MATSUNOU et al. 1985). In 
neurogenic sarcomas which were exclusively diagnosed on histological grounds 
the number of tumor cells containing S-100 protein was markedly reduced (DAI
MARU et al. 1985; MATSUNOU et al. 1985). In such cases, the majority of S-100-
positive cells corresponded to the wavy spindle cells in the loosely arranged 
areas. These cells were frequently interspersed among cells forming characteristic 
palisading, plexiform, storiform, or nodular patterns and tactile differentiation. 
Protein S-100 can be completely negative in the fibrosarcoma-like areas of neu
rogenic sarcomas. Since, on the other hand, non-neurogenic spindle cell soft 
tissue tumors such as fibrosarcomas, leiomyosarcomas, synovial sarcomas and 
dermatofibroma protuberans completely lack protein S-100, the demonstration 
of a small number of S-100-positive cells can be regarded in accordance with 
the clinical data and their morphology as indicative of a neurogenic sarcoma 
(NAKAJIMA et al. 1982; STEFANSSON et al. 1982a; WEISS et al. 1983). Although 
granular cell tumors show a characteristic morphology, the consistent immuno
reactivity of protein S-100 can be a valuable contribution for the diagnosis. 
This finding is used to support the presumptive Schwann cell derivation of 
these tumors (NAKAJIMA et al. 1982; NAKAZATO et al. 1982; STEFANSSON et al. 
1982a; ARMIN et al. 1983; MUKAI 1983). 

<J Fig. 6. a Neurofibroma: protein 8-100 reaction in the majority of spindle-shaped wavy Schwann 
cells; x 160. b Rhabdomyosarcoma: transferrin reaction in most, possibly all tumor cells; x 250. 
c Unclassified sarcoma: ferritin in some scattered tumor cells; x 160. d Pleomorphic liposarcoma: 
ferritin in most tumor cells; x 250. a-4 PaP method; AEC; haematoxylin counterstain 
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Table 3. Pattern of reactivity of 73 soft tissue sarcomas and 16 benign lesions with antiserum to 
S-100 protein 

Diagnosis positive/ Diagnosis positive/ 
cases cases 

Fasciitis 0/2 Leiomyoma 0/1 
Aggressive fibromatosis 0/3 Leiomyosarcoma 0/2 
Fibroma 0/1 Rhabdomyosarcoma 0/8 
Dermatofibrosarcoma protub. 0/3 Myogenic sarcoma, n.f.sp. OW 
Fibrosarcoma 0/2 Malignant synovialoma 0/2 
Dermatofibroma/cut. histiocyt. 0/3 Epithelioid sarcoma 0/2 
Malignant fibrous histiocytoma 2/S a Spindle cell sarcoma, n.f.sp. 4/11 a 

Neurofibroma 1/1 Pleomorphic sarcoma, n.f.sp. 0/4 
Cellular schwannoma 0/1 Unclassified sarcoma 2/6a 

Neurogenic sarcoma 0/2 Hemangiopericytoma 0/3 
Neuroblastoma 0/1 Malignant hemangioendothelioma 0/1 
Lipoma 1/1 
Liposarcoma 8/23 a Total 88 

a few scattered cells 
n.f.sp.: not further specified 

In the literature, the expression of S-100 protein in lipomas and liposarcomas 
is controversial (NAKAJIMA et al. 1982; COCCIllA et al. 1983; KAHN et al. 1983a; 
WEISS et al. 1983; HASHIMOTO et al. 1984). In lipomas of various differentiation, 
a rather consistent S-100 immunoractivity can be demonstrated. In liposarco
mas, protein S-100 is found in mature adipocytes, vacuolated cells and lipoblasts, 
predominantly. Our series, which includes 23 "liposarcomas among 73 soft tissue 
sarcomas, showed scattered S-100 positive tumor cells in 8 sarcomas (Table 3). 
In accordance with the literature, myxoid and spindle-cell areas were negative, 
and, 2 of 5 malignant fibrous histiocytomas exhibited rare positive cells. These 
data suggest that protein S-100 is not a very reliable marker to identify less 
differentiated liposarcomas. In spite of the exceptions mentioned above, S-100 
protein may be of some value in the differential diagnosis between the myxoid 
variant of liposarcoma and the myxoid type of malignant fibrous histiocytoma 
(HASHIMOTO et al. 1984). 

Since its first detection in tissue cultures of malignant melanomas (GAYNOR 
et al. 1980), protein S-100 has been regarded as a marker for malignant melano
mas (GAYNOR et al. 1981; STEFANSSON et al. 1982a; SPRINGALL et al. 1983; WEISS 
et al. 1983; KINDBLOM et al. 1984; RODE and DHILLON 1984). According to 
these reports, protein S-100 is a relatively consistent marker of malignant mela
nomas including both the epitheloid and spindle cell type. Protein S-100 can 
therefore be used as a reliable marker in differential diagnosis between malignant 
melanoma and carcinoma. In this context it is interesting that also the clear-cell 
sarcoma of aponeuroses and tendon sheaths, which is sometimes interpreted 
as a variant of malignant melanoma, expresses protein S-100 (KINDBLOM et al. 
1983; WEISS et al. 1983). 

For principal and diagnostic reasons it is important that the histiocytosis 
X cells are S-100-positive (WATANABE etal. 1981, 1983; NAKAJIMA etal. 1982). 
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This finding allows the correlation of histiocytosis X cell to the T -zone histiocyte 
and the separation from lysozyme- and non-specific cross-reacting antigen-posi
tive histiocytes of the monocyte-macrophage system (WATANABEet al. 1981). 
S-100 positive variants of histiocytosis X can be distinguished from juvenile 
xanthogranuloma. 

Despite an increasing number of protein S-100 positive cell types and tumors, 
the immunocytochemical demonstration may be helpful in selected problems 
of tumor differential diagnosis, e.g. (1) the distinction between benign nerve 
sheath tumors and leiomyomas or meningiomas, (2) cellular schwannomas and 
neurogenic sarcomas, (3) neurogenic sarcomas and other spindle-cell sarcomas, 
(4) histiocytosis X and juvenile xanthogranuloma. Scattered S-100 positive cells 
in spindle cell sarcomas can be used to support the diagnosis of neurogenic 
sarcoma; negative immunoreaction, however, does not exclude this diagnosis. 
Some S-100-positive cells in liposarcomas are oflimited value for the differential 
diagnosis, since in malignant fibrous histiocytomas rare S-100-positive cells can 
also be identified by immunocytochemical methods. 

8 Ferritin 

Ferritin, a protein containing more than 20% iron, was first isolated by LAUFBERGER (1937) from 
horse spleen. It is widely distributed in mammalian tissues. The ferritin molecule's inner core is 
about 55 A in diameter and consists of ferric hydroxid micelles surrounded by an almost spherical 
shell of protein with a molecular weight of 462 kD. The overall diameter of the molecule is approxi
mately 110 A. Because of its electron dense iron core, ferritin has been used as a tracer in electron 
microscopy since the early sixties. Since abnormally high levels of ferritin are associated with early 
stages of many malignant neoplasias (for review see DRYSDALE 1979) and, since tissue specific iso
ferritins have been isolated (BULLOCK et al. 1980), the question has been raised whether ferritins 
might be exploited as tumor markers. 

So far, there have been few attempts to use ferritin as tumor marker in 
immunohistochemistry. Ferritin was demonstrated in hepatocellular carcinoma 
(COHEN et al. 1984a; IMOTO et al. 1985) and in testicular seminoma (JACOBSEN 
and JACOBSEN 1983; COHEN et al. 1984b). SEHESTED et al. (1985) detected ferritin 
in both epithelial and mesenchymal components of pleomorphic adenomas, 
but not in normal parotid tissue. The only report on in situ demonstration 
of ferritin in soft tissue tumors we could find was that published by KINDBLOM 
et al. (1982). The authors investigated malignant fibrous histiocytomas and de
tected ferritin in 12/22 of the pleomorphic and 3/5 tumors of the spindle cell 
type. 

In our series of soft tissue tumors, ferritin could be detected in a considerable 
number of cases of nearly every type of benign and malignant lesions (Table 2; 
Figs. 4 b, c, 6 c, d). Accordingly there seems to be no possibility of using ferritin 
as a diagnostic aid. This phenomenon, however, does not exclude the possibility 
of existing differences in tumor biology between the tumors that contain high 
amounts of ferritin and those that do not. This issue as well as the practical 
relevance of tissue specific iso-ferritins, against which at present there are no 
specific antibodies available, remain to be elucidated. 
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9 Transferrin 

Transferrin is one of the /3, serum globulins. It has a molecular weight of 88 kD and is synthesized 
in liver cells (V ASSY et al. 1984). Each molecule carries two binding sites with probably different 
functions. Its main function is iron transfer. The iron-free, apoferritin, binds to Fe3+ ions that 
form ferrotransferrin. All growing cells express surface transferrin receptors that bind ferrotransferrin 
which is then subjected to receptor-mediated endocytosis (IACOPETTA et al. 1983). The iron atoms 
are afterwards transferred to cytoplasmic ferritin and within a few minutes, apoferritin is secreted 
from the cell (WILLINGHAM and PASTAN 1985). The transferrin receptor is a homo-dimeric transmem
brane glycoprotein (MW 180 kD) (SCHNEIDER et al. 1984). One antibody with a binding affinity 
for it is OKT9. These phenomena make it evident that a cytoplasmic localization of transferrin 
does not reflect a synthesis of this protein but the degree of transmembranous iron transfer (PARMLEY 
et al. 1979). In neoplastic cells, an additional effect might account for a high cytoplasmic transferrin 
content, i.e. its accumulation as a consequence of a defective or functionally impaired transferrin 
receptor. An immunohistochemical proof of increased cytoplasmic transferrin content in a tumor 
cell is thus a finding that cannot be further interpreted and that might explain the absence of 
data on tissue distribution of transferrin in tumors. 

As can be seen in Table 2, we observed transferrin in many different malig

nant soft tissue tumors (Figs. 4a, 6b) whereas the benign tumors did not contain 

detectable intracytoplasmic transferrin. Our data, however, do not suffice to 

determine whether cytoplasmic transferrin might be an indicator of malignancy, 

but it is quite obvious that transferrin is of little diagnostic value because it 

does not discriminate between diverse types of sarcomas. 

10 Factor VIII Associated Antigen 

Together with the clot-promoting factor and the von Willebrand-factor, the factor VIII associated 
antigen (FVIIIaAg) which is synthesized by endothelial cells (JAFFE 1977; GIDDINGS 1982), forms 
the antihaemophilic agent factor VIII. The antigen, a glycoprotein with a molecular weight of approxi
matively 1100 kD (MCCOMB et al. 1982), has been detected within these cells (HOYER et al. 1973; 
MUKAI et al. 1980b), and also in platelets, megakaryocytes and mast cells (PIOVELLA et al. 1978; 
KINDBLOM 1982). FVIIlaAg has been used as a marker for tumors of vascular origin (FEIGL et al. 
1976; BURGDORF et al. 1981 b; SEHESTED and HOU-JENSEN 1981), of fibrous haematopoetic tumors 
(MEISTER and GOESSNER 1983) and Kaposi's sarcoma (NADJI et al. 1980; GUARDA et al. 1981; MODLIN 
et al. 1983; FLOTTE et al. 1984; MILLARD and HERYET 1985; BECKSTEAD et al. 1985). 

In the literature, FVIIIaAg is regarded as a reliable marker for highly differ

entiated angiogenic tumors, excluding lymphangioma (LITTLE et al. 1986; BURG

DORF et al. 1981 b). However, staining was most marked in endothelial cells 

of normal vessels and was much weaker in neoplastic endothelia of poorly 

differentiated angiosarcoma and in the proliferating spindle cells of Kaposi's 

sarcoma which irregularly exhibit a dot-like or granular cytoplasmic staining 

for FVIIIaAg (BECKSTEAD et al. 1985; MILLARD and HERYET 1985; LITTLE et al. 

1986). Some authors (HOSAKA et al. 1985; LITTLE et al. 1986) prefer Ulex euro

paeus lectin I (UEA I) as a more sensitive marker. 

In our series of 89 mesenchymal tumors, we could readily demonstrate the 

vasculature of each tumor, but found FVIIIaAg-containing tumor cells only 

three times: in a poorly differentiated angiosarcoma and in two additional cases 

of Kaposi's sarcoma (Fig. 3a, b). The latter contained spindle cells with a granu-
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lar positivity or a dot-like staining pattern for this marker. However, in the 
cases of haemangiopericytoma, the tumor cells were FVIIlaAg-negative. We 
suggest that in a case of poorly differentiated sarcoma, the detection of clearly 
FVlIIaAg-positive tumor cells might suffice for a diagnosis of malignant endo
thelioma. It is, however, important not to regard collapsed atypical capillaries 
in the" stromal" compartment of the tumor as part of the neoplastic cell popula
tion. Since FVlIIaAg stains platelets as well, areas of intratumoral haemorrhage 
should be avoided in evaluation. Apart from the fact that abnormal cells often 
produce smaller amounts of a cytotypical product than does the normal counter
part, a weak or negative staining result may be caused not only by a decrease 
in antigenic density alone but also by a low affinity of the antiserum. We 
agree with LITTLE (1986) that UEA I is a far more sensitive marker but that 
it has the great disadvantage of reacting with diverse epithelial cell types 
(MOLLER et al. 1984; WIRBEL et al. 1984). Additionally, UEAI recognizes lym
phatic endothelium at least within areas of inflammation and sclerosis (MOLLER 
and LENNERT 1984), whereas FVIIlaAg does not. Therefore, the combination 
ofthese two markers might facilitate the differential diagnosis between lymphan
gioma and haemangioma. 

11 Conclusions 

Routine light microscopy, together with special stains, is a prerequisite for the 
classification of soft tissue tumors. Additional immunohistological investiga
tions can either substantiate the diagnosis or lead to a decision between two 
alternatives if the antigenic pattern of respective tumors differs. The negative 
result of a reaction does not necessarily exclude a diagnosis and a histogenetic 
diagnosis is confirmed by a positive result only if the antibody is specific. Des
min, myosin and myoglobin are antibodies with a good specificity for myoge
netic tumors. Desmin, the most sensitive antibody, can recognize tumors with 
smooth muscle as well as skeletal muscle differentiation whereas myoglobin 
only recognizes tumors with skeletal muscle differentiation and only highly dif
ferentiated tumor cells. Myosin is also a reliable myogenic marker, but it is 
not yet commercially available. Protein S-100 is a valuable adjunct in the diagno
sis of benign and malignant nerve sheath tumors, histiocytosis X-related lesions, 
and malignant melanomas. The factor VIII-associated antigen is highly specific 
for tumors originating from blood vessel endothelium, while it cannot always 
be detected in poorly differentiated tumors. Lysozyme, AAT, ACT, ferritin 
and transferrin, because of their low specificity, are only of limited value for 
differential diagnosis of soft tissue tumors. 
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The intercellular matrix is a highly organized, dynamic system that dictates 
the overall shape and structure of organs. The spatial and chemical signals 
which are present in the extracellular matrix modulate the phenotypic expression 
of epithelial and mesenchymal cells. In turn, these cells regulate the chemistry 
and structural organization of the extracellular matrix. This active interplay 
between cells and their products leads to the formation of a highly complex 
environment in which normal and neoplastic cells can thrive and proliferate. 
Proteoglycans are suitable candidates for mediating this constant exchange of 
information. For instance, they influence the diffusion of molecules across tis
sues, the migration of cells along defined pathways, the surface properties of 
cells, and the structure of biological filters. These effects are primarily mediated 
by the polyanionic nature of the proteoglycan, by their expanded configuration 
in tissues and body fluids, and by their ability to interact with a variety of 
important matrix macromolecules. They are indeed constituents of both the 
stromal matrix and the cell surface (Fig. 1), and their biosynthesis, secretion 
and metabolism are highly regulated by intrinsic and extrinsic signals. These 
molecules are composed of a protein backbone to which a number of glycos
amino glycan chains and oligosaccharides are covalently attached, much like 
the branches to a tree. The proteoglycan-rich intercellular matrix can thus be 
conceived as a microcosmic forest, the properties of which depend primarily 
on the number, size and structure of the various glycosaminoglycan chains 
and their complex intermolecular affiliations. This "forest" is in a state of 
continuous remodeling particularly during embryogenesis and cancer develop
ment, and is finely regulated by a combination of biosynthetic and catabolic 
events. Thus, it would be easier to imagine the extracellular matrix as exerting 
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Fig. 1 A, B. Electron micrographs of human chondrosarcoma fixed and processed in the presence 
of ruthenium red, a cationic dye that retains proteoglycans. A shows portion of a chondrosarcoma 
cell containing numerous secretory vesicles (SV) filled with proteoglycans which appear as round, 
electron dense particles. Note the association of the proteoglycans with the cells surface (arrowheads) 
and the presence of the same particles dispersed throughout the extracellular matrix. B shows the 
association of proteoglycans (arrowheads) with the basal lamina (BL) of an endothelial cell and 
with fibrillar matrix constituents. A x 23000; B x 34000 
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Fig. 2. Stereologic analysis of hu
man colon mucosa and colon car
cinoma. The data represent the 
summary of seven different cases 
(Iozzo et al. 1982) and show that 
about half of the volume in both 
the normal and neoplastic tissue is 
composed of stromal tissue and 
intercellular matrix rich in pro
teoglycans and collagen. This fig
ure stresses the concept that in 
certain human malignancies, par
ticularly those of epithelial origin, 
the associated connective tissue 
stroma occupies a significant pro
portion of the "tumor" 

an active role, permISSIve or restrIctive, on neoplastic growth and invasion, 
a far cry from the traditional notion of its being an amorphous ground sub
stance. 

This chapter will briefly review the alterations of proteoglycans and glycos
aminoglycans in cancer, and it will describe some of the mechanisms through 
which neoplastic cells modulate their extracellular environment. For extended 
reviews on proteoglycan structure and function please see previous published 
work (HASCALL and HASCALL 1981; HEINEGARD and PAULSSON 1984; Iozzo 
1985a). 

2 Proteoglycans and Neoplasia 

If one analyzes quantitatively the various compartments of human colon carci
noma, one of the most common malignant neoplasms in the Western world, 
one finds that surprisingly only about half of the tissue is composed of neoplastic 
cells (Fig. 2). The other half is composed of an acellular matrix, rich in proteo
glycans, and a cellular compartment including fibroblasts, endothelial and 
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smooth muscle cells and a variety of immunocompetent cells. It follows that 
each component must contribute, in either a negative or positive way, to the 
growth and progression of the neoplastic cells. Two fundamental questions 
arise from the above considerations: a) is the tumor connective tissue a specific 
response of the host, and b) how is this response regulated? In answer to the 
first question, indirect evidence suggests that this response is specific, since 
it can be produced in vitro by factors released by the tumor cells (lozzo 1985 b) 
and it is found only in certain tumors, particularly those of epithelial origin. 
In response to the second question, current research (LIOTTA et al. 1983; Iozzo 
1984a, 1985a; WEWER et al. 1986) indicates that neoplastic cells modulate their 
extracellular milieu by the following three, often interrelated, mechanisms: a) 
abnormal production of extracellular matrix by tumor cells, b) enhanced de
struction of surrounding matrix, and c) neoplastic induction of matrix biosynthe
sis. These three mechanisms can be present in the same tumor, or in different 
locations of the various neoplasms where one could be predominant over the 
others. The significance of these basic processes and the implications in cancer 
growth and metastasis is the focus of the next sections. 

3 Altered Proteoglycan and Glycosaminoglycan Levels in Tumors 

It has been frequently observed that tumor cells grow and move within a hyd
rated interstitial space, analogous to the migrating cells during embryogenesis 
(TOOLE 1981). The ultrastructural appearance of the proteoglycans in these ma
trix spaces varies widely in size, arrangement and degree of packing (Fig. 3). 
Furthermore, these spaces are often different from normal tissues in that they 
contain abnormal amounts of specific proteoglycan or glycosaminoglycan (Ta
ble 1). For example, elevated amounts of hyaluronic acid in pleural effusion 
of mesotheliomas have been known for about fifty years (MEYER and CHAFFEE 
1939), and detection of this glycosaminoglycan has been a useful marker in 
establishing the diagnosis of mesothelioma (THOMPSON et al. 1969). Further
more, proteolytic extracts of human mesothelioma have been shown to contain 
elevated concentrations of hyaluronic acid (WAXLER et al. 1979). However, the 

Table 1. Reported proteoglycan changes in human tumors a 

Mesothelioma 

Wilms' tumor 

Chondrosarcoma 

Colon carcinoma 

Hepatoma 

Plasmocytoma 

1. elevated hyaluronic acid in tissue and effusions 
2. elevated chondroitin sulfate in tissue 

elevated hyaluronic acid in tissue, blood and urine 

decrease in keratan sulfate content and chain length 

elevated chondroitin sulfate proteoglycan, with smaller chains 

abnormal levels of heparan sulfate with lower degree of sulfation 

abnormal circulating levels of heparan sulfate with anticoagulant activity 

a Additional information about each individual abnormality and references are provided in the 
text 
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Fig. 3. Electron micrographs of ruthenium red-stained extracellular matrix from human chondrosar
coma (A), normal human colon (B) and human colon carcinoma (C). Notice the marked difference 
in the density and size of the proteoglycan granules among these three conditions, The three micro
graphs were taken at the same magnification of x 36000 

specificity of hyaluronic acid as a marker for mesothelioma is questioned by 
the following contrasting reports: a) there are cases of mesothelioma that appar
ently lack the high levels of hyaluronic acid (THOMPSON et al. 1969); b) neoplastic 
tissues other than mesothelioma may express high levels of this glycosaminogly
can (CHIU et al. 1984); c) pleural effusions unrelated to mesothelioma can con-
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tain high levels of hyaluronic acid (CASTOR and NAYLOR 1977). We have reported 
(lozzo et al. 1981) that tissue extracts of pleural mesothelioma contain large 
amounts of chondroitin sulfate and we have proposed the existence of a bio
chemical variant for this neoplasm. Indeed, recent studies (KAWAI et al. 1985; 
NAKANO et al. 1986) support the latter view since it has been found that in 
a group of twelve cases there was an elevation in either hyaluronic acid or 
chondroitin sulfate, or both. Therefore, characterization of the glycosaminogly
can composition in this neoplasm may represent a useful tool in establishing 
the diagnosis of mesothelioma. 

Wilms' tumor (nephroblastoma), a renal neoplasm affecting primarily chil
dren, has been shown to be associated with high levels of hyaluronic acid in 
the blood and urine, in contrast to the trace-amount levels of this substance 
in normal hosts (MORSE and NUSSBAUM 1967). The concentration of circulating 
hyaluronic acid can reach levels of 2 mg/dl, but it falls dramatically to, normal 
levels after surgical removal of the affected kidney (POWARS et al. 1972). This 
fact together with the demonstration that tissue fragments, cultured cells or 
cell-free preparations of Wilms' tumor synthesize hyaluronic acid at high rates 
(HOPWOOD and DORFMAN 1978) support the view that the abnormal blood 
and urinary levels of this glycosaminoglycan derive from the tumors cells. 

Another example of altered proteoglycan structure is provided by human 
chondrosarcoma, a neoplasm that varies widely in the degree of differentiation 
and metastatic behavior. Specifically, the amount and chain size of keratan 
sulfate decrease significantly in poorly differentiated chondrosarcomas (PAL 
et al. 1978; THONAR et al. 1979), whereas well-differentiated neoplasms have 
a proteoglycan profile similar to normal cartilage. On the basis of these results, 
it has been proposed that there might be an inverse relationship between the 
length of the keratan sulfate chains and the biological behavior of the chondro
sarcoma (PAL et al. 1978; THONAR et al. 1979). Inasmuch as the assessment 
of the degree of malignancy in human chondrosarcoma is based purely on 
morphological grounds, the use of alternative prognostic indicators, i.e. bio
chemical assessment of keratan sulfate, could be of great biological importance 
(ROSENBERG et al. 1979). In addition, a variety of epithelial and mesenchymal 
neoplasms express abnormal levels of chondroitin sulfate, and correlations be
tween tumor cell properties and this glycosaminoglycan have been proposed 
(lozzo 1984, 1985a). 

Two general conclusions emerge from the above studies. First, proteoglycan 
changes do indeed occur in human malignancy and may be closely related 
to some biological properties of the tumor-matrix complex. Second, it appears 
that a common alteration in proteoglycan structure is not universally shared 
by all the different neoplasms; rather, the changes summarized above appear 
to be tissue specific. 

4 Abnormal Synthesis of Proteoglycans by Neoplastic Cells 

A vast body of literature on the abnormal biosynthesis of proteoglycans and 
glycosaminoglycans has been accumulating over the past years. Indeed, in vitro 
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studies of either virally or spontaneously transformed cells have elucidated sever
al aspects of the biosynthetic pathways of proteoglycans as well as provided 
important clues as to what might occur in an in vivo situation. Since a compre
hensive review of the literature falls outside the scope of this chapter, only 
a few examples will be described below. 

One of the most consistent qualitative abnormalities in proteoglycan struc
ture which is directly related to the transformed phenotype is a reduced degree 
of sulfation in the heparan sulfate molecule. Over a decade ago, UNDERHILL 
and KELLER (1975) reported this change in 3T3 cells transformed with simian 
virus 40. Since then, a number of investigators (WINTERBOURNE and MORA 
1981 ; DAVID and VAN DEN BERGHE 1983 ; ROBINSON et al. 1984) have reported 
similar findings in different cell systems. Specifically, the degree of sulfation 
of the heparan sulfate chains is markedly reduced upon transformation, and 
the reduced sulfation occurs in the O-sulfate groups (KELLER et al. 1980). The 
link between the neoplastic transformation and these structural abnormalities 
is supported by the findings that cells selected for high tumorigenicity also 
produce heparan sulfate with lower degree of sulfation (WINTERBOURNE and 
MORA 1981). Interestingly, in vivo studies of human hepatoma (NAKAMURA 
and KOJIMA 1981) have shown the presence of undersulfated heparan sulfate, 
a finding also reported in ascites hepatoma (NAKAMURA et al. 1978; HURST 
et al. 1981) or hepatoma cells in vitro (ROBINSON et al. 1984). Finally, spontane
ously transformed mouse mammary cells synthesize undersulfated basement 
membrane heparan sulfate (DAVID and VAN DEN BERGHE 1983). Two major 
questions arise from the above reports: a) what is the specific cause of this 
alteration, and (b) what are the possible functional implications of it? Although 
the specific cause of this molecular alteration is not clear, it is likely that transfor
mation may generate some inhibitor or reduce the activity of sulfotransferases 
involved in the transfer of sulfate to the growing polymer or in the level of 
3'-phosphoadenosine-5'-phosphosulfate (PAPS), the major sulfate donor in 
most of the cells (WINTERBOURNE and MORA 1981). Indeed, it has been demon
strated that the availability of PAPS plays a fundamental role in the sulfation 
of glycosaminoglycans (SUGAHARA et al. 1980). In regard to the functional con
sequences, suffice it to say that qualitative changes in the cell-associated heparan 
sulfate may have profound effects on the cellular ability to interact correctly 
with other cells or matrix constituents. In fact, this molecule is a highly charged 
polymer strategically located at the cell surface where most of the cellular inter
actions take place. Furthermore, the structural changes may have an effect 
on the molecular interactions normally occuring during the assembly of the 
basal lamina and may be directly implicated in the abnormal basal lamina 
produced by neoplastic cells (DAVID and VAN DEN BERGHE 1983). It is possible, 
therefore, that the lack of an ordered microenviroment around tumor cells 
could be essential for the full expression of the neoplastic phenotype (GALLAGER 
and HAMPSON 1984). If these reported alterations do indeed reflect the in vivo 
situation, these qualitative changes in molecular structure may then contribute 
to the abnormal growth behavior of the tumor cells. 

Another example of tumor-associated abnormality in heparan sulfate pro
teoglycan has been reported occuring in patients with plasma cell disorders, 
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i.e. multiple myeloma (KHooRY et al. 1980; PALMER et al. 1984). In this case 
the abnormality appears to be a quantitative rather than a qualitative one; 
that is an increased level of circulating heparan sulfate with anticoagulant activi
ty. In fact, functional coagulation studies showed that the circulating heparan 
sulfate had antithrombin III cofactor activity that could be neutralized by prota
mine or platelet factor 4 (PALMER et al. 1984). It is well established that the 
anticoagulant activity in heparin, a closely related molecule, depends on the 
negative charge density of sulfate and carboxyl groups, and on the amount 
of L-iduronic acid which are all present in heparan sulfate, though to a lesser 
extent than in heparin (LINDAHL et al. 1986). Therefore, it is not surprising 
that abnormally high levels of circulating heparan sulfate may inhibit the coagu
lation cascade and induce fatal bleeding. Interestingly, a similar process has 
been recently described in an infant with acute monoblastic leukemia (RUSSEL 
et al. 1984). Although the specific cellular source of this heparan sulfate has 
not been definitively established, it is likely that neoplastic cells do contribute 
in a significant way to its biosynthesis and release. Alternatively, it has been 
proposed (RUSSEL et al. 1984) that the circulating heparan sulfate proteoglycan 
derives from the endothelial cells damaged by the chemotherapy. In any event, 
it is quite clear that overproduction and release of an otherwise normal heparan 
sulfate proteoglycan can have catastrophic consequences because of its potential 
anticoagulant activity. 

It is apparent from the examples described above that the process oftransfor
mation markedly affects the mechanisms involved in the control of proteoglycan 
biosynthesis and secretion. Both qualitative and quantitative abnormalities may 
thus significantly affect the life of the host, and may contribute to the abnormal 
growth behavior or other oncogenic properties of the transformed cells. 

5 Matrix Degradation by Neoplastic Cells 

Malignant cells are confronted with several natural barriers during the invasion 
of adjacent structures and distal colonization of tissues (WOOLLEY 1984). The 
extracellular matrix and the basement membranes represent the most important 
biological barrier and their active degradation is thought to facilitate invasive 
growth and metastatic potential (LIOTTA et al. 1983). These features are two 
of the most important prognostic indicators in cancer. There is evidence to 
indicate that malignant cells can digest matrix constituents either directly or 
indirectly by inducing the production and release of degradative enzymes in 
host mesenchymal cells (LIOTTA et al. 1982, 1983). The collagenases are probably 
the most important extracellular enzymes since they are capable of degrading 
cross-linked dollagen fibers at neutral pH (WOOLLEY 1984). The end result is 
either complete or partial collagenolysis with generation of small fragments 
which are eventually phagocyzed and degraded completely within lysosomes 
by the cathepsins, usually operating at a more acidic pH (WOOLLEY 1984). 
LIOTTA et al. (1979) have identified a metalloproteinase from a metastatic tumor 
that preferentially digests type IV collagen, the major constituent of basement 
membranes (KEFALIDES et al. 1979). Subsequently, a correlation between the 
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metastatic potential of malignant cells and the secretion of various collagenases 
has been demonstrated (LIOTTA et al. 1980; TARIN et al. 1982; TURPEENNIEMI
HUJANEN et al. 1985), thus supporting the concept that collagenolysis facilitates 
tumor cell invasion. It is notable that in the transformation of a benign tumor 
into a frankly invasive carcinoma of the breast, the immunoreactivity of the 
basement membrane progressively declines to eventually become undetectable 
at the invasive front and in the metastatic foci (BARSKY et al. 1983a). Concur
rently, type IV collagenase immunoreactivity has been detected in invasive breast 
carcinoma (BARSKY et al. 1983 b). Furthermore, immunohistochemical studies 
have shown the presence of collagenases in a variety of neoplasms, including 
metastatic melanoma and cancers of the skin, stomach and breast (for a review 
see WOOLLEY 1984). Another well studied enzyme that is associated with the 
malignant phenotype is cathepsin B, which is capable of digesting both collagen 
and proteoglycans. This enzyme has been localized at the invasive front of 
rabbit V2 carcinoma (GRAF et al. 1981), and increases several fold in breast 
carcinoma as compared to fibroadenoma (POOLE et al. 1978) and its activity 
has been correlated with enhanced metastatic potential (SLOANE et al. 1981). 

Another important enzymatic step that may be operational in invasion is 
offered by endoglycosidase synthesized by melanoma (KRAMER et al. 1982) or 
lymphoma (VLODAVSKY et al. 1983) cells. This enzyme is capable of cleaving 
the heparan sulfate present in the extracellular matrix and basement membrane 
of endothelial cells (KRAMER et al. 1982; KRAMER and VOGEL 1984; NAKAJIMA 
et al. 1983, 1984). Specifically, B16 melanoma cells degrade the heparan sulfate 
chains into fragments approximately one-third of their original size. This enzy
matic cleavage is observed only when the prelabeled matrix is incubated with 
the tumor cells, indicating that the tumor may express this trait in vivo. Additon
ally, melanoma cells with high propensity for lung metastasis degrade purified 
heparan sulfate from the mammalian lung at significantly higher rates than 
cells with lower metastatic potential (NAKAJIMA et al. 1983, 1984). Therefore, 
it is possible that the ability to extravasate and colonize a distant organ such 
as the lung may reside, at least in part, in the expression of this endoglucuroni
dase. 

One of the most important concepts in modern cancer biology is the recogni
tion that primary neoplasms are composed of heterogeneous cell populations 
(POSTE and FIDLER 1980). The expression of degradative enzymes is likely to 
be important for tumor progression, a process that is due to the sequential 
appearance of genetically altered subpopulations of cells with new characteristics 
within the neoplasms (NOWELL 1986). The expression of degradative enzymes 
would thus confer a selective advantage to a specific subpopulation. An open 
question, however, is whether these enzymatic activities reflect a continuous 
phenotypic trait or just a transient phase of enzyme production which depends 
on local tissue factors (WOOLLEY 1984) and cell interactions. 

6 Neoplastic Induction of Matrix Biosynthesis 

Desmoplasia, the excessive production of connective tissue around invasive neo
plasms, has long been recognized as a phenomenon associated with certain 
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types of human tumors. However, littl~ has been done to answer some of the 
important questions about this response, such as: a) is there any specific qualita
tive or quantitative change in matrix constituents, b) what is the cellular source 
of matrix production, c) what is the role played by the cancer cells and d) 
is desmoplasia a specific response? In the past few years, we and others have 
attempted to answer some of these questions. For instance, BARSKY et al. (1982) 
have demonstrated that human desmoplastic breast carcinomas exhibit a ten
fold increase in the concentration of type V collagen, a product present only 
in minute amounts in normal breast or fibrocystic disease. Interestingly, an 
elevated number of host myofibroblasts or activated smooth muscle cells has 
been recognized in desmoplastic breast carcinomas (SEEMAYER et al. 1979) sug
gesting that these cells may be responsible for the excessive production of matrix 
(SCIillRCH et al. 1981). Furthermore, we have shown (Iozzo et al. 1982) that 
human colon carcinoma tissue contains markedly elevated concentrations of 
chondroitin sulfate when compared with the normal counterpart, an observation 
also reported in a transplantable colon carcinoma of the rat (ISEMURA et al. 
1982). In subsequent studies, (lozzo and WIGHT 1982) we have demonstrated 
that human colon carcinoma in organ culture synthesizes primarily a small 
chondroitin sulfate proteoglycan, whereas normal colon synthesizes primarily 
heparan sulfate and only trace amounts of chondroitin sulfate proteoglycan. 
Several lines of evidence indicate that the stromal elements around the tumor 
represent the main cellular source for desmoplasia. First, the matrix around 
colon carcinoma incorporates the majority of the radiosulfate and retains affini
ty for alcian blue even at high magnesium chloride concentrations (Fig. 4), 
indicating that the stromal cells actively synthesize and accumulate proteogly
cans. This phenotypic trait can also be retained in metastatic foci (Fig. 4e), 
suggesting that it may be a specific process closely related to the type of neoplas
tic cells. Second, human colon carcinoma cells in vitro synthesize a large heparan 
sulfate proteoglycan but no detectable amounts of chondroitin sulfate (Iozzo 
1984b; Iozzo et al. 1986). Third, human colon fibroblasts are stimulated to 
synthesize chondroitin sulfate proteoglycan when cultured in the presence of 
medium conditioned by colon carcinoma cells. Partial characterization of the 
conditioned medium (Iozzo 1985b) showed that the stimulatory activity com
prises a family of polypeptides that act on proteglycan metabolism without 
significantly stimulating cell replication. The work of KNUDSON et al. (1984) 
and MERRILEES and FINLAY (1985), supports these observations. They have 
demonstrated that the co-culture of carcinoma and mesenchymal cells or media 
conditioned by tumor cells can stimulate the production of both hyaluronic 
acid and sulfated glycosaminoglycans in normal fibroblasts. In agreement with 
our studies, MERRILEES and FINLAY (1985) have found that human colon carci
noma cells, when cultured alone, synthesize primarily heparan sulfate, but are 
capable of stimulating the synthesis of both hyaluronic acid and chondroitin 
sulfate in human fibroblasts. Further support for the neoplastic modulation 
of extracellular matrix is provided by the discovery that mammary carcinoma 
contains collagen-synthesis stimulating polypeptides (BANO et al. 1983). It has 
been proposed that these stimulatory activities may favor tumor growth, since 
proline analogues, which selectively block collagen deposition, can also block 
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Fig. 4. Gallery of light and dark field micrographs of normal colon (a, b) and colon carcinoma 
(c-I). The top four panels represent autoradiographs of tissue incubated in an organ culture system 
with radiosulfate. Notice that in control (a, b) the radiosulfate is incorporated nearly exclusively 
by the epithelium, whereas in the tumor (c, d) the radiosulfate is incorporated primarily by the 
connective tissue stroma (asterisk). The accumulation of sulfated material in the peritumoral extracel
lular matrix is further shown by staining of the primary (e) or metastatic (I) colon carcinoma 
matrix with alcian blue at high (0.3 M) magnesium chloride concentrations. Methacrylate sections 
stained with H&E were subjected to autoradiography (Iozzo et al. 1982) and studied by light 
(a, c) and dark field (b, d) microscopy. Panels e and f represent paraffin sections of alcian blue
stained colon carcinoma at the primary site and at a metastatic pulmonary focus, respectively. 
a-f x 140 

the growth of mammary carcinoma (LEWKO et al. 1981). In a recent study, 
we (Iozzo and MULLER-GLAUSER 1985) have demonstrated that the connective 
tissue of rabbit mesentery, following intraperitoneal implantation of V2 carcino
ma cells, was markedly increased. Specifically the mesentery increased up to 
eight fold in thickness and several times in weight. This increase was not due 
to proliferation of tumor cells but was rather due to the marked increase in 
hyaluronic acid, chondroitin sulfate and collagen. In addition, the fibroblasts 
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were also increased in number, suggesting that these mesenchymal cells were 
stimulated by the tumor cells to proliferate and synthesize matrix constituents. 
In support of this argument is the fact that intraperitoneal implantation of 
liver homogeneates did not cause any structural change in the rabbit mesentery 
(Iozzo and MULLER-GLAUSER 1985). 

From the above studies it appears that, at least in some malignant neoplasms, 
the cancer cells do modulate their extracellular environment either directly by 
cell-cell interactions, possibly via cell surface molecules, or indirectly via the 
elaboration of tumor cytokines that exert a stimulatory activity on the mesen
chymal cells. These cytokines, which are often found in the supernatant of 
cancer cells in vitro, may function as local hormones in vivo, and exist in 
small quantities, traveling short distances between host cells. The expression 
of such cytokines may be the key to the specificity and appearance of desmopla
sia in a given neoplasm. Their presence would also explain why only certain 
types of tumors are capable of inducing this response in host cells, whereas 
other tumors that either lack or are incapable of expressing these gene products 
fail to induce it. 

7 Conclusions and Perspectives 

This chapter has described quantitative and qualitative alterations in proteogly
cans occuring in human tumors and has discussed some of the possible regulato
ry mechanisms. It is apparent from the evidence presented above that proteogly
cans do playa role in the growth and evolution of malignant neoplasms. They 
function as a kind of molecular sieve, and as such regulate the filtration of 
a variety of" signals" that reach the cells and eventually influence their function. 
Proteoglycans are responsible for retaining water, can act as growth promoting 
agents, and favor cell adhesion and migration along defined routes. It is conceiv
able that, in analogy with developmental systems, the well-hydrated, proteogly
can-rich matrix may favor the evolution of malignant cells by providing a 
growth-supporting environment. It is also apparent that neoplastic cells with 
a capacity to invade neighboring structures have the potential to alter the adja
cent connective tissue and to modulate the metabolism of host mesenchymal 
cells. This ability can be manifested by either the abnormal synthesis or degrada
tion of matrix macromolecules or by the release of tumor cytokines that trigger 
the synthesis or breakdown of matrix constituents. The proposed concept that 
tumor cells" condition" their pericellular environment offers a novel perspective 
in investigating this complex phenomenon. If one accepts this hypothesis, then 
a number of new and provocative questions emerge. For example, are the tumor 
cells the sole protagonists or does the full expression of the tumor extracellular 
matrix depend on rather complex host-tumor cell interactions and if this were 
the case, should we not consider the tumor extracellular matrix as a "specific" 
response rather than as a non-specific repair as previously regarded? What 
are the molecular mechanisms that dictate the lack or overproduction of matrix 
in a given neoplasm? Is the presence of specific tumor cytokines the key to 
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desmoplasia? Is there any tissue specificity? The point to be stressed is the 
difficulty in making generalizations about the mechanisms regulating matrix 
metabolism in cancer. It is probable that one type of tumor favors one mecha
nism over the others, but even that may exhibit subtle variations at various 
locations within the neoplasm itself. For the past several years our laboratory 
has been interested in investigating some of the above questions and the search 
for their answers is what makes research in this field challenging and worthwhile. 
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In multicellular organisms the basal membrane, a complex extracellular matrix, 
plays a leading role in maintenance of the structure and function of the organism 
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(VRACKO 1974, 1982; HAY 1978; FURTHMAYR 1982; STANLEY et al. 1982a, b; 
FOIDART 1984; ABRAHAMSON 1986; INGBER et al. 1986). The basal lamina (base
ment membrane, basement lamina) is primarily defined by its topography and 
structure, as revealed by light and electron microscopy. The electron microscopi
cal analysis reveals three different zones: lamina densa, lamina rara (sive lucida) , 
lamina densa. It is well known that the connective tissue matrix is composed 
of collagens, proteoglycans and glycoproteins, which influence the differentia
tion of the cells, their morphogenesis and the tendency to proliferation. MAR

TINEZ-HERNANDEZ and AMENTA (1983) have divided the substances composing 
the basal membrane into those which are intrinsic (collagen type IV, laminin, 
heparan sulfate proteoglycan, entactin) and those which are extrinsic (fibronec
tin and type V collagen). 

2 Methodology of Morphological Analysis of the Basal Membrane 

2.1 Histochemical Methods 

For the detection of basal lamina in light microscopy, several histochemical techniques can be applied 
(VACCA 1985). These techniques are based partly on the classical PAS method. Lillie's PAS Alloch
rome method can be used for the distinction of reticulum fibers and basal lamina. The basal lamina 
can be visualized by the periodic acid-sodium bisulfite-resorcin fuchsin technique (VACCA 1985). 
Reticulum fibers and the basal lamina are decorated by Wilder silver method, whereas Weigert's 
haematoxylin-picro-sirius red stain labels collagen fibers, reticulum fibers and basement membrane 
(VACCA 1985). Other techniques have been developed for the analysis of the intercellular matrix. 

The advantage of these techniques, especially that of PAS staining, is their application in daily 
routine work (FWTTE et al. 1980). They allow detection of the structure of the basal membrane 
which may be sufficient for practical diagnostic application. For detailed questions, however, other 
methods have to be applied. 

In electron microscopical histochemistry, the basal lamina is demonstated by uranium and lead 
staining, and by the use of ruthenium red. 

2.2 Immunohistochemistry 

The principles of immunohistochemistry have been reviewed in many good monographs where details 
of techniques and protocols can be found (e.g. ELIAS 1982; BULWCK and PETRUCZ 1982, 1983; 
TAYWR 1986). Currently the triple layer PAP technique, the avidin-biotin technique and the alkaline 
phosphatase technique are used, parallel to the still valuable technique of immunofluorescence. The 
important advantage of immunohistochemical investigation is an exact localization of virtually any 
substance in the basal membrane, provided there is the availability of appropriate antibodies. 

Experimentally (and diagnostically in the analysis of autoaggressive diseases) human antibodies 
against reticulin fibers and against basal membrane substances can be applied (Goodpasture's syn
drome and others) (ELIAS 1982). 

In most investigations, experimentally produced antibodies against basal membrane substances, 
either polyclonal or monoclonal, have been used. 

Antibodies against collagen IV (SCHUPPAN et aJ. 1980; FOIDART and YAAR 1981; KUEHN et al. 
1981; WEBER et al. 1984a, b; MARTIN et aJ. 1985), against laminin (TIMPL et aJ. 1979; FOIDART 
et al. 1980; ENGEL et al. 1981; ALBRECHTSEN et aJ. 1981; TIMPL et aJ. 1982) and against fibronectin 
(LINDER et al. 1985; ENGVALL et al. 1978; KUUSELA et al. 1978; NERI et al. 1981; RUOSLAHTI et aJ. 
1980,1981,1982; RUOSLAHTI 1984) have been used. 
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2.3 Immunoelectronmicroscopy 

The classical analysis of the basal membrane has been done using conventional electron microscopy 
(e.g. BRIGGAMAN and WHEELER 1975; VRACKO 1974, 1982). Further information is provided by 
the combination of electron microscopy and immunohistochemistry. Immunoelectronmicroscopy fol
lows the same principles as light microscopical immunohistochemical methods. In practice, many 
problems of appropriate preservation and appropriate reaction of the antibodies exist (e.g. TOKUYASU 
1980; WILLINGHAM 1980; POLAK and VAN NOORDEN 1983). Since information on electronmicroscopy 
is provided by differences in electron density, the labelling is generally done by means of electron 
dense particles, such as ferritin, colloidal gold or others. 

SANO et al. (1981) analysed collagen type IV in bovine lung parenchyma by an immunoelectron
microscopical approach. FOIDART et al. (1980) studied the distribution of laminin with immunoelec
tronmicroscopical methods. FURCHT et al. (1978a) analysed the localization of fibronectin on the 
surface of myoblasts by lightmicroscopic and electronmicroscopic methods. HEDMAN (1980) presented 
an immunoelectronmicroscopical study of fibronectin. Some authors have analysed elastin at the 
ultrastructural level (DAMIANO et al. 1978, 1981, 1984; FUKUDA et al. 1984). 

3 Overview of Basal Membrane and Its Associated Substances 

3.1 Collagen Types 

To date, about 10 different collagens have been identified (BORNSTEIN and SAGE 

1980; GAY and MILLER 1983; MARTIN et al. 1985). 

The general structural principle of the collagens is a composition from three polypeptide chains 
called alpha chains. The different subtypes of the collagens are characterized by the different aminose
quences of the alpha chains. The chains are alpha helical, are characterized by the amino acid 
sequence glycine-X-Y and contain hydroxyproline or hydroxylysine as a major component. 

Type I, II and III belong to the interstitial collagens (MARTIN et al. 1985). The extracellular 
collagens are identified as type I and III. Around the mesenchymal cells collagen type V is identified. 
This type is associated with the pericellular exocytoskeleton and collagen type IV (GAY and MILLER 
1983). These collagens are associated with other proteins/glycoproteins, such asfibronectin, chondroi
tin sulfate, and heparan sulfate, elastin (RUOSLAHTI et al. 1981; URRY 1983; Iozzo 1984). 

Collagen type III, originally detected in the fetal skin, is present in a variety of tissues like 
type I collagen. It is thought to comprise the reticulin fibers detected by histochemical methods 
(MARTIN et al. 1985). 

The aggregation of collagen type IV forms a stable network for the basement membrane where 
other components are included (TIMPL et al. 1981). Type IV collagen is regularly and extensively 
localized in the basal membranes (MARTINEZ-HERNANDEZ et al. 1981 a, b). Collagen type IV has 
an alpha helical structure which is interrupted by protein sequences which are different from Glycine
X-Yo It has relatively large amounts of 3-hydroxyproline and is richer in carbohydrate side chains 
than the interstitial collagens. Collagen type IV has, as a special feature, the 7S region. This is 
the cross-linking site for four collagen type IV molecules. All antibodies against collagen type IV 
decorate exclusively the basal membrane, the labelling being localized in the lamina rara and densa 
on the ultrastructural level (ROLL et al. 1980; MARTINEZ-HERNANDEZ et al. 1981 a, b; SANO et al. 
1981; FARQUHAR et al. 1982). 

Collagen type V, a stromal and pericellular collagen, belongs to the extrinsic components of 
the basal membrane (MARTINEZ-HERNANDEZ and AMENTA 1983). It is related to collagen IV due 
to its amino acid content and chemical characteristics (CHUNG et al. 1976). Collagen V has been 
found in the basal membrane of the glomerulus, in other basal membranes it was not found (GAY 
et al. 1981; SANO et al. 1981; MARTINEZ-HERNANDEZ et al. 1982). Collagen type V is now accepted 
as being present in the basal membrane of some vessels and in the stroma surrounding collagen 
type I bundles (MARTINEZ-HERNANDEZ and AMENTA 1983). Type V collagen is increased in desmoplas
tic reactions of carcinomas (BARSKY et al. 1982). 
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3.2 Laminin 

Laminin is one of the best characterized non-collagenous glycoproteins of the basal membranes which 
are associated with collagen type IV (TIMPL et aL 1979, 1982). Laminin has a cross like shape 
with one long and two short arms (ENGEL et aL 1981; TIMPL et aL 1982). The amino acid sequence 
of laminin is different from that of fibronectin (TIMPL et aL 1982). 

Using antibodies against laminin, one finds a specific staining of the basal lamina, the reaction 
being more intense in the lamina rara (FARQUHAR et aL 1982; FOIDART et aL 1980; MADRI et aL 
1980; MARTINEZ-HERNANDEZ et aL 1981 a, b, 1982). Laminin is strongly involved in cell adhesion 
and attachment (TERRANOVA et aL 1980). 

3.3 Fibronectin 

Fibronectin (for review of the biochemical aspects: RUOSLAHTI et aL 1981; HYNES and YAMADA 
1982) is a dimeric protein with two polypeptide chains (molecular weight 220,000 Dalton). The fibro
nectins from different sources, one of which is fibroblasts, are chemically closely related. and cannot 
be distinguished on the immunological level. Fibronectin being highly conserved during evolution, 
antibodies against this protein display an extensive interspecies cross reactivity. Fibronectins interact 
with many other macromolecules (collagens, fibrin, actin, heparin, DNA, hyaluronic acid, cell surfaces 
and bacteria). The interaction with collagens interferes with the basal membrane and fibronectin, 
although not specifically restricted to the basal membrane, may be regarded as an important factor 
(extrinsic factor according to MARTINEZ-HERNANDEZ and AMENTA 1983; see also COURTOY et aL 
1980; D'ARDENNE et aL 1983a, b; D'ARDENNE and MCGEE 1984). 

The biological activities of fibronectin are characterized as mediation of cell adhesion and spread
ing, promoting of cell motility, prevention of fusion of myoblasts and differentiation of chondrocytes, 
non-specific opsonin in plasma (KESKI-OJA et aL 1980; RUOSLAHTI et aL 1981; TARIN et aL 1982; 
TAKASHIMA and GRINNELL 1984). Fibronectin is produced by various cell types (epithelial cells: 
liver cells, kidney cells, cells of the gut, cells of the breast and of the amniotic membranes; mesenchymal 
cells: fibroblasts, myoblasts, chondrocytes, Schwann cells, endothelial cells, melanoma cells, macro
phages and astroglial cells; see also HEDMAN et aL 1978; RUOSLAHTI 1981; HANTAJ et aL 1983). 
Fibronectin is distributed in three different compartments: intracellular, at the cell surface and in 
the extracellular matrix (FURCHT et aL 1978a, b). 

The tissue distribution offlbronectin follows the distribution of loose connec
tive tissue, fibronectin being augmented in the limiting membranes such as base
ment membranes (MOSHER et al. 1977; MADRI et al. 1980; FOIDART and Y AAR 

1981; LAURm et aL 1982). Fibronectin is located at the interface of the basal 
membrane and the abutting cells (RUOSLAHTI et al. 1981). As it plays a role 
in cell attachment and orientation of cells, fibronectin decreases towards the 
tips of the colonic epithelium, thus allowing a shedding of epithelial cells (QUAR
ONI et al. 1978). 

Apart from its importance in neoplastic development, fibronectin plays an 
interesting role in other pathological conditions. It is increased in sc1erodermia 
and other diseases of the skin (COOPER et aL 1979; FYRAND 1980), in diseases 
of the kidney (e.g. diabetic nephropathy, glomerulonephritis, transplanted kid
neys) and in diabetes mellitus (SCHEINMAN et aL 1978; WEISS et al. 1979; Ruos
LAHTI 1981). 

Lack of flbronectin, commonly reported for transformed cells in vitro and 
in some neoplastic lesions (see below), is not always due to the fact that malig
nant cells do not produce fibronectin, but that it seems to be released into 
the culture medium and is not found on the cell surface (RUOSLAHTI 1981). 
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The lack of fibronectin may be one of the features that identify cells with 
a capacity to metastasize. 

3.4 Others 

3.4.1 Entactin 

Entactin is a highly sulfated protein with a molecular weight of approximately 150,000 Dalton. 
It is distinct from laminin. Although it has been localized in the rat kidney by immunoe1ectronmicros
copy, its definite localization in the basal membrane has still to be elucidated (MARTINEZ-HERNANDEZ 
and AMENTA 1983). Its distribution seems to be closely related to that of laminin, but on the immuno
electronmicroscopical level, the basal membranes may differ in their content and distribution of 
laminin and entactin (MCCARTHY et al. 1985). 

3.4.2 Heparan Sulfate 

Heparan sulfate proteogiycan is another component of the basal membrane which is dealt with 
in another chapter of this volume (Iozzo, Chapter 9). In immunohistochemical studies, the labelling 
of hepar an sulfate seems to follow that oflaminin and collagen type IV (BIREMBAUT et al. 1985). 

3.4.3 Bullous Pemphigoid Antigen 

The basal membrane antigen "bullous pemphigoid antigen" is characterized as a protein of 220,000 
Dalton which is distinct from laminin and collagen IV (STANLEY et al. 1982a, b). It is found in 
the lamina lucida of the basal membrane zone, and in the basal membrane of squamous epithelia 
(WEBER et al. 1984a, b). 

New antigens in basal membrane (e.g. nidogen) have been reported by TIMPL et al. (1983). 

4 Change of Basal Membrane Associated Substances During 
Neoplastic Disorders 

4.1 General Rules 

The changes of the structure and synthesis of the basal membrane can be consid
ered on the following levels: 

4.1.1 Synthesis of Basal Membrane Associated Material 
by Neoplastic Cells 

The substance which has especiaJly been analysed with respect to the production site is fibronectin. 
Fibronectin has been thought to interfere with the metastatic behaviour of tumor ceJls (NERI et al. 
1981). Primary carcinomas display a dispersed pattern of fibronectin which is also present in the 
surrounding tissue (STAMPFER et al. 1981). MARTIN et al. (1984) found a reciprocal expression of 
laminin and fibronectin receptors in the different tumor ceJls. 
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On the level of collagen, a difference between the different subtypes and neoplastic growth 
has not been shown (GAY and GAY 1985), although DAVID and VAN DEN BERGHE (1983) report 
the production of less sulfated proteoglycans by transformed mammary cells. KAO et al. (1984) 
showed that the matrix of human breast tumor cells is mitogenic for fibroblasts. 

4.1.2 Synthesis of Basal Membrane Associated Substances 
by Surrounding Tissues as a Distinct Response of the Organism 

Some human tumors are accompanied by a fibrous response. This reaction, often designated as 
scirrhous or desmoplastic, is well documented in mammary carcinomas (GAY and RHODES 1986). 
BARSKY et al. (1982) demonstrated that in the desmoplastic part of human mammary carcinoma 
collagen type V is augmented. Although former papers suggested tumor cells as the source of the 
desmoplastic material, it now generally accepted that cells of the surrounding stroma, especially 
the myofibroblasts (SEEMAYER et al. 1980), are the source (BARSKY et al. 1984). It is collagen type 
V which is synthesized by fibroblasts (GAY and GAY 1985). 

4.1.3 Degradation of Basal Membrane Substances by Tumor Cells 

In normal tissue and benign lesions, the basal membrane is generally intact as has been shown 
on the electron microscopical level (OZZELO 1959; FISHER 1976; STEGNER 1986) and by immunohisto
chemistry (GAY and GAY 1985). In preneoplastic conditions, disturbances of the basal membrane 
substances may be observed. In true invasive carcinomas, parts of the basal membrane are destroyed. 
This may be due to the influence of proteolytic enzymes (LIOTTA 1982; LIOTTA et al. 1983; LIOTTA 
1984). Besides this" active" principle, destruction of the basal membrane may follow the increased 
pressure of proliferating cells (BARSKY et al. 1983; LIOTTA et al. 1983). 

4.2 Changes in Tumors 

An overview over the distribution of basal membrane substances is given in Table 1. 

Table 1. Distribution pattern of basal membrane associated substances in neoplastic diseases. (Modi
fied after BIREMBAUT et al. 1985) 

Tumor 

Preinvasive carcinomas 

Invasive carcinomas 

Sarcomas 
Leiomyosarcoma 
N eurofibrosarcoma 
Liposarcoma 
Malignant fibrous histiocytoma 
Osteosarcoma 
Malignant hemangiopericytoma 
undifferentiated sarcomas 

Intrinsic components 
(collagen type IV, laminin, heparansulfate) 

Basal membrane labelling with interruptions 

Irregular staining around well-differen
tiated (glandular) structures and adjacent 
to the basal cells of solid/epidermoid 
carcinomas 

Irregular pericellular staining in well 
differentiated areas 

Vascular basal membrane labelling 
No pericellular staining 
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Table 1 (continued) 

Tumor 

Preinvasive carcinomas 

Invasive carcinomas 

Sarcomas 
Leiomyosarcoma 
Neurofibrosarcoma 
Liposarcoma 

Malignant fibrous histiocytoma 
Osteosarcoma 
Malignant hemangiopericytoma 
undifferentiated sarcomas 

4.2.1 Skin and Mucosa (Figs. 1, 2) 

Extrinsic components 
(fibronectin) 

Basal membrane labelling with 
interruptions, present in the stroma 

present in the stroma 
intensely in desmoplastic reaction 

irregular pericellular labelling 

irregular peri- and intercellular labelling 
and vascular basal membrane labelling 
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The changes in the multilayered epithelium of skin and mucosa are similar 
with respect to the basal membrane. In invasive and metastatic squamous carci
nomas of the head and neck, collagen type IV displayed focal thickening, redu
plication, aggregation, attenuation and segmental defects (CAM et al. 1984; 
CARTER et al. 1985; VISSER et al. 1986). Focal interruptions oflaminin and colla
gen type IV in the basal membranes are found in dysplasias of the laryngeal 
mucosa (VISSER et al. 1986). However, intact basal membrane and reduplications 
may be found in some squamous cell carcinomas of the skin by the analysis 
of collagen type IV (GUSTERSON et al. 1984; GUSTERSON et al. 1986). A produc
tion of collagen type IV is found in tumors with a higher degree of differentiation 
(GUSTERSON et al. 1986). 

In solid basal cell carcinoma the cells still appear to preserve their characteris
tic production of basal membrane material, but seem to have lost the ability 
of polar distribution of this material (WEBER et al. 1982). 

In cylindromas of the skin, collagen type IV, laminin and bullous pemphigoid 
antigen were localized in the PAS positive hyaline zone, the staining was con
fined to a zone encircling the tumor nests (WICK and TIMPL 1980; WEBER et al. 
1984a, b; KALLIOINEN et al. 1984; KALLIOINEN 1985). Immunoelectronmicros
copic observations revealed a positive staining for collagen type IV and laminin 
throughout the basal membrane material of the tumor (KALLIOINEN 1985). Fi
bronectin was uniformly distributed over the tumor stroma and at the periphery 
of the cell islands (WEBER et al. 1984a, b). Eccrine spiradenomas produce an 
excessive amount of basal membrane associated material, whereas the basal 
membrane is absent in many areas of trichofolliculomas and related tumors 
(KALLIOINEN et al. 1984). Malignant tumors of the skin (hidradenocarcinomas, 
sebaceous carcinomas) display narrow strips between infiltrating tumor cell 
clusters (KALLIOINEN et al. 1984). 



230 J. CASELITZ 

Fig. 1. Fibronectin in stroma of invasive squamous cell carcinoma. Intense staining in the stromal 
part (asterisk). Disrupted fibronectin staining in the part of the basal membrane (arrows). Cryostate 
section. x 300 

Fig. 2. Collagen type IV staining in invasive squamous cell carcinoma (identical cases as in Fig. 1). 
Intact basal membrane around the blood vessels (asterisk). Disrupted basal membrane in the infiltrat
ing part of the tumor (arrow). Cryostate section. x 300 
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4.2.2 Mammary Carcinoma 

In agreement with ultrastructural observations (OZZELLO 1959; FISHER 1976) 
laminin and collagen IV in mammary carcinomas are generally reduced (PITELKA 
et al. 1980; ALBRECHTSEN et al. 1981 ; GAY and GAY 1985; REMBERGER and 
NERLICH 1985; SCHAUER et al. 1985). The stages of neoplastic transforma
tion of human breast tissue can be monitored by dissolution of basement mem
brane components (SIEGAL et al. 1981). Mouse mammary epithelial cells syn
thesize an undersulfated basement membrane proteoglycan (DAVID and 
VAN DEN BERGHE 1983). The synthesis of basement proteins is enhanced during 
the differentiation of rat mammary tumor epithelial cells (WARBURTON et al. 
1982a, b). 

The source of the substances appearing during the desmoplastic reaction 
in mammary carcinomas is the (myo)fibroblast (BARSKY et al. 1984). Collagen 
type V (BARSKY et al. 1982) and fibronectin (STAMPFER et al. 1981) are aug
mented in the desmoplastic stromal reaction of mammary carcinomas (CASELITZ 
et al. 1985a, b) and is found in the stromal part of medullary carcinomas in 
an irregular pattern (LABAT-RoBERT et al. 1981). In culture, fibronectin is re
duced in malignant human mammary epithelial cells (YANG et al. 1980). 

Myoepithelial cells are closely related to the basal membrane. The distur
bances of the basal membrane during neoplastic invasion is accompanied by 
both an interruption of the myoepithelial cell layer and the staining for laminin 
and collagen IV (GUSTERSON et al. 1982; WARBURTON et al. 1982a, b). Myoepi
thelial cells have a close relationsship to basal membrane associated substances, 
collagen type IV, laminin and, in an indirect way, to fibronectin (GUSTERSON 
et al. 1982). 

4.2.3 Salivary Gland Tumors (Figs. 3, 4, 5) 

In pleomorphic adenomas (Figs. 3, 4, 5) a considerable amount of basal mem
brane associated material, collagen type IV and laminin, is localized in the 
stroma and around the tumor cell groups (D'ARDENNE et al. 1983a, b; CASELITZ 
1984; TOTO and Hsu 1985). The labelling for fibronectin is especially intense 
at the border of cell groups and duct-like structures (CASELITZ 1984). At the 
morphological level it cannot be decided whether fibronectin is "epithelial" 
or "mesenchymal" by origin (D'ARDENNE et al. 1983a, b). A possible source 
of part of the basal membrane associated substances is the myoepithelial cell 
(for observations in Sjogren's disease: PALMER 1986). The staining of the basal 
membrane substances seems to be parallel to, but not always identical with, 
the staining for elastic fibers. In adenoid cystic carcinomas laminin and collagen 
were found in the stromal trabeculae and pseudocysts, fibronectin displayed 
a similar, but sometimes more diffuse, staining pattern (D'ARDENNE et al. 1983a, 
b; CASELITZ 1984; CASELITZ et al. 1986; TOIDA et al. 1984; for mammary ade
noid cystic carcinoma: WELLS et al. 1986). Elastic fibers were found in the 
neighbourhood (AZZOPARDI and ZAYID 1971; ADKINS and DALEY 1974; DAVID 
and BUCHNER 1980). 
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Fig. 3. Collagen type IV in pleomorphic adenoma. Strong labelling in stromal (mucoid) part of 
pleomorphic adenoma. Cryostate section. x 300 

Fig. 4. Collagen type III in capsule of pleomorphic adenoma. Only weak stammg in the tumor 
stroma. Cryostate section. x 300. (We gratefully acknowledge the kind gift of collagen type III 
antibody from Dr. SCHUPP AN, Berlin) 
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Fig. 5. Fibronectin in pleomorphic adenoma. Strong labelling in stromal (mucoid) part of pleomorphic 
adenoma. Cryostate section. x 300 

Fig. 6. Collagen type IV in adenoid cystic carcinoma. Strong staining of the material (asterisks) 
in the pseudocysts (especially at the border of the lining myoepithelial-like cells). Cryostate section. 
x 300 
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Fig. 7. Fibronectin in acinic cell tumor. Although the tumor is highly differentiated, there is a 
clear interruption of the fibronectin staining in the region of the basal membrane. Cryostate section. 
x 300. ewe gratefully acknowledge the help of Dr. WUSTROW, Kiel, in providing fresh material) 

In other types of malignant carcinomas of the salivary glands (Fig. 7), the 
staining for laminin, collagen type IV, and for fibronectin is generally inter
rupted in the region of the basal membrane (CASELITZ 1984; D'ARDENNE et al. 
1983a, b). 

4.2.4 Pancreas 

The staining for laminin and collagen type IV is intact in pancreatitis. There 
is a loss of these substances in pancreatic carcinoma (BARSKY et al. 1983; HAG

LUND et al. 1984). 

4.2.5 Stomach 

The so-called" linitis plastica" is accompanied by an intense reaction for fibro
nectin and collagen type III (D' ARDENNE et al. 1983 a, b). These observations 
are similar to that of the desmoplastic carcinoma in mammary carcinoma. 
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4.2.6 Colon 

Laminin was present in an uninterrupted linear staining in the basal membranes 
of normal, hyperplastic and adenomatous colorectal mucosa (KELLOKUMPU 

et al. 1985). The early invasion of colonic carcinomas was generally accompanied 
by a desmoplastic reaction with intense, but somewhat irregular staining for 
fibronectin and collagen IV (D'ARDENNE et al. 1983a, b). The basal lamina 
and the staining for laminin was disrupted in poorly differentiated colonic adeno
carcinomas (BURTIN et al. 1982), whereas slight staining was still observed in 
the better differentiated tumors (KELLOKUMPU et al. 1985). 

4.2.7 Lung and Bronchial Tree 

In intraepithelial lesions, the basal membrane shows a disrupted staining for 
collagen type IV and laminin. These substances, although irregularly distributed 
in true invasive lesions, may be found around some well-differentiated solid 
tumor groups. Fibronectin is augmented in the stroma and displays no special 
augmentation in the region of the basal membrane (LABAT-RoBERT et al. 1981; 
BIREMBAUT et al. 1985). 

4.2.8 Urinary Tract 

Premalignant lesions display an intact basal membrane. Staining for collagen 
type IV and laminin is interrupted in invasive urothelial carcinomas. Fibronectin 
is still preserved in the stroma of the urinary bladder, but it is lost around 
infiltrating cells (LABAT-RoBERT et al. 1981). 

4.2.9 Prostate Gland 

Fibronectin is found pericellularly on the surface of smooth muscle cells in normal and hyperplastic 
prostate glands (LABAT-RoBERT et al. 1981). Athough still present at the surfaces of the muscle 
cells, fibronectin is lost around infiltrating malignant cells (LABAT-RoBERT et al. 1981). 

4.2.10 Female Genital Tract 

In normal exocervix and most dysplastic and malignant preinvasive lesions, the staining for laminin 
and collagen type [Vis linear (BlREMBAUT et al. 1985). Fibronectin is visualized in the basal membrane 
of uterine glands and around the cells of the endometrial stroma (LABAT-RoBERT et al. 1981). It 
is lost at the basal membrane of invasive carcinomas, but may be present in the stroma in large 
quantities (LABAT-RoBERT et al. 1981). 

4.2.11 Endocrine Tissue 

BIREMBAUT et al. (1985) and LABAT-RoBERT et al. (1981) report a loss of basal membrane substances 
in follicular carcinomas of the thyroid gland. 
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4.2.12 Connective Tissue 

In benign proliferations, laminin, collagen type IV and fibronectin are found in all vascular basal 
membranes and around all muscular and Schwann cells and adipocytes in a linear pericellular layer. 

Staining for laminin and collagen type IV is found around the vessels in malignant mesenchymal 
tumors. However, there is a decrease in the pericellular staining of muscle cells, Schwann cells 
and adipocytes (LABAT-RoBERT et al. 1981; BIREMBAUT et al. 1985). Fibronectin, however, persists 
as intercellular and pericellular material in most sarcomas, especially in cases with fibroblastic differ
entiation (BlREMBAUT et al. 1985). STENMAN and V AHERI (1981) found single cells in sarcomas which 
were surrounded by fibronectin. It was abundant in the connective tissue (STENMAN and V AIlERI 
1981) but LABAT-RoBERT et al. (1981), found a loss of the pericellular labelling and a decreased 
staining of fibronectin in the extracellular matrix. Biphasic synovial cell sarcoma is reported to 
exhibit extracellular linear collagen type IV and laminin (BARSKY et al. 1983). In the basal membrane 
of neurofibromas, collagen type IV and laminin were localized (WEBER et al. 1984a). 

5 Conclusion and Outlook 

From the viewpoint of diagnostic pathology, basal membranes can be regarded 
as structural barriers to the invasion and metastatic procedure of malignant 
cells. Separating epithelial and other cells from the surrounding stroma, they 
are obstacles to invasion from tumor cells. For many substances which are 
directly and indirectly associated with the basal membrane, there is some evi
dence that the invasive progression of a tumor is accompanied by a loss of 
these substances. 

In surgical pathology, antibodies against laminin and collagen type IV turn 
out to be very specific and valuable if one is interested in studying the structure 
and integrity of the basal membrane. Consequently, most studies agree that 
the immunohistochemical labelling for laminin and collagen type IV is intact 
and linear in normal tissues (LABAT-RoBERT et al. 1981; BARSKY et al. 1983; 
CARTER et al. 1985; GUSTERSON et al. 1986). As far as can be demonstrated 
at the light microscopic level, there is a co-distribution of collagen type IV 
and laminin. In contrast, there is interruption of the basal membrane in many 
invasive tumors, immunohistologically visualized by the destruction of the de
coration for collagen type IV and laminin (ALBRECHTSEN et al. 1981; LABAT
ROBERT et al. 1981; BlREMBAUT et al. 1985; GAY and GAY 1985). This destruc
tion has been shown in invasive carcinomas of the skin (GUSTERSON et al. 1986), 
of the breast (ALBRECHTSEN et al. 1981; GAY and GAY 1985), of the lung (LABAT
ROBERT et al. 1981), of the pancreas (BARSKY et al. 1983; HAGLUND et al. 1984) 
and of other tissues (BIREMBAUT et al. 1985). Thus, staining for laminin and 
collagen can be used to analyse the process of invasion. 

GUSTERSON et al. (1986), however, observed that in some invasive carcinomas the immunohisto
logical lining for laminin and collagen type IV is intact. This is in particular found in well differentiated 
carcinomas, where some tumor cells seem to preserve the capacity of forming a basal membrane. 
Therefore, there may be some exceptions to the general rule of interruption of the basal membrane 
in malignant tumors. 

In premalignant lesions, many observations show disturbances of the basal 
membrane. This phenomenon has been interpreted as being due to the onset 
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of infiltration. Other authors report an intact basal membrane in premalignant 
lesions. The differences may be explained by the different phases of a "premalig
nant" lesion and by the different sensitivity of immunohistochemistry due to 
technical details like fixation, different antibodies and others. 

Fibronectin is generally reduced on the surface of neoplastic cells in compari
son with their normal counterparts. Since the reduction at the surface of the 
cells is not always accompanied by a reduction of the production of fibronectin, 
its decrease may be due to the influence of proteases (HYNES 1981; HYNES 
and YAMADA 1982; SALO et al. 1982). MCCARTHY et al. (1985) review the litera
ture indicating that there is a general association between the loss in cell surface 
fibronectin and transformation. The details of this relationship may be more 
complicated, since many experimental studies have not always demonstrated 
a clear cut correlation between the metastatic potential of a cell and the lack 
of cell surface fibronectin. Different mechanisms may lead to the decrease in 
fibronectin (MCCARTHY et al. 1985). Transformation may initiate a decrease 
of cell surface associated fibronectin due to the inhibition of production. Alter
natively, the cell may degrade or alter this protein and there may be a change 
in the distribution of the cell surface receptors for fibronectin. Other authors 
offer the model of an inappropriate secretion of fibronectin to the surface (Ruos
LAHTI 1984). From the experimental data, a choice between the different models 
cannot be made at the moment. Given the function of fibronectin in cell move
ment, its absence would perhaps explain the increased tendency to movement 
and invasion by malignant cells. For cell lines a correlation between the decrease 
of the cell surface fibronectin and their tumorigenicity has been found (KAHN 
and SHIN 1979). 

Tumor cells display a receptor for fibronectin and can interact with fibronectin coated surfaces 
(RUOSLAHTI 1984). The future study of this receptor and its interaction with fibronectin will be 
of special interest for certain aspects of tumor biology. 

In metastatic processes (SCHIRRMACHER 1984), attachment of tumor cells 
to lam in in may play an important role. Tumor cells with a high affinity for 
laminin attachment display a higher pulmonary metastatic potential than those 
tumor cells with a low affinity for laminin (TERRANOVA et al. 1982). Antibodies 
against laminin can prevent the metastatic behaviour (MCCARTHY et al. 1985). 
A specific receptor for laminin has been isolated in malignant cells (TERRANOVA 
et al. 1983). There are some indications of an association between the laminin 
molecule and the interaction with the contractile cytoskeleton (MCCARTHY et al. 
1985). 

Future investigations will deal with a number of additional attachment proteins, such as gp 
140, entactin, epinectin (MCCARTHY et al. 1985) and others. 

An interesting aspect is the interaction of the basal membrane associated 
substances with the cytoskeleton of the cell. Immunhistological and immunoelec
tronmicroscopic data point to the fact that fibronectin has an influence on 
binding to the orientation of actin filaments (D'ARDENNE and MCGEE 1984). 
These studies would be interesting for the interpretation of a number of physio
logical and pathological aspects of the cell. 

Basal membrane associated substances have been analysed in the serum of 
patients with neoplastic diseases (D' ARDENNE and MCGEE 1984). A number 
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of authors did not find differences in the plasma levels of fibronectin of normal 
and cancer patients. Intravascular coagulation produced a marked reduction 
in plasma fibronectin; liver metastasis were accompanied by low levels of fibro
nectin (D'ARDENNE and MCGEE 1984). 

Another point is the differences in the distribution pattern of the various 
basal membrane substances. It is necessary to establish the precise distribution 
pattern at the ultrastructural level. This would give new answers to several 
questions. Differences at the conventional immunohistogical level should be 
analysed on the basis of standardized techniques. 

Basement membrane loss, however, is not always accompanied with malig
nancy. Some invasive tumors, especially the well-differentiated ones, exhibit 
focal extracellular reaction for both collagen type IV and laminin (GUSTERSON 
et al. 1986). However, basal membrane loss may be observed in some reparative 
and inflammatory processes (e.g. dermatitis herpetiformis). 

LIOTTA (1984) stressed not only the importance of the composition of the basal membrane 
in neoplastic disease, but also the role of certain receptor proteins against the basal membrane 
substances. Experimental data suggest that there are receptors against this basal membrane compo
nent which may be altered in number or degree of occupancy in human neoplastic disease. Breast 
carcinoma tissue for example, contains a higher number of receptors and unoccupied receptors 
compared with benign breast tissue. The laminin receptors of normal breast epithelium seems to 
be polarized at the basal surface. In contrast, in invasive carcinoma cells this receptor may be 
distributed over the entire surface of the cell. The laminin receptor can stimulate hematogenous 
metastases. 

There is evidence, however, that metastatic cells adhere specifically to basal membranes, essen
tially through an increase in plasma membrane receptors for laminin (ABRAHAMSON 1986). When 
attached to basal membranes, these may be destroyed following the influence of proteolytic enzymes. 
This would permit the neoplastic cells to transmigrate across the altered basal membrane and 
metastasize. In contrast to malignant tumors, little apparent degradation takes place in benign tumors. 

A particular point has to be made about certain special differentiated tumors like mixed salivary 
gland tumors which exhibit a focal augmentation of basal membrane associated material (e.g. laminin 
and fibronectin as "extrinsic" factors). Perhaps this increase in basal-membrane-like material may 
be related to the appearance of myoepitheliai cells (and also to the clinical behavior). Other tumors 
with myoepithelial like cells display an augmentation of basal membrane material, although arranged 
in quite a different manner (e.g. pseudocysts in adenoid cystic carcinomas). This special arrangement 
may be a possible marker for the insiduous behaviour of the adenoid cystic carcinoma in the head 
and neck region. 

References 

Abrahamson DR (1986) Recent studies on the structure and pathology of basement membranes. 
J PathoI149:257-278 

Adkins KF, Daley TJ (1974) Elastic tissues in adenoid cystic carcinomas. Oral Surg 38: 562-569 
Albrechtsen R, Nielsen M, Wewer U, Engvall E, Ruoslahti E (1981) Basement membrane changes 

in breast cancer detected by immunohistochemical staining for laminin. Cancer Res 41 : 5076-5081 
Azzopardi JG, Zayid I (1971) Elastic tissue in tumors of salivary glands. J Path 107: 149--156 
Barsky SR, Rao CN, Grotendorst GR, Liotta LA (1982) Increased content of type V collagen 

in desmoplasia of human breast carcinoma. Amer J PathoI108:276-283 
Barsky SR, Siegal GP, Jannotta F, Liotta LA (1983) Loss of basement membrane components 

by invasive tumors but not by their benign counterparts. Lab Invest 49: 140--147 



Basal Membrane Antigens as Tumor Markers 239 

Barsky SH, Green WR, Grotendorst GR, Liotta LA (1984) Desmoplastic breast carcinoma as a 
source of human myofibroblasts. Amer J Path 115: 329-333 

Birembaut P, Caron Y, Adnet JJ, Foidart JM (1985) Usefulness of basement membrane markers 
in tumoral pathology. J PathoI145:283-296 

Bornstein P, Sage H (1980) Structurally distinct collagen types. Annu Rev Biochem 49:957-1003 
Briggaman RA, Wheeler CE (1975) The epidermal-dermal junction. J Invest Dermatol 65: 71-84 
Bullock GR, Petrucz J (1982) Techniques in immunocytochemistry, vol 1. Academic Press, London 

New York 
Bullock GR, Petrucz J (1983) Techniques in immunocytochemistry, vol 2. Academic Press, London 

New York 
Burtin P, Chavanel G, Foidart JM, Martin E (1982) Antigens of basement membrane and the 

peritumoral stroma in human colonic adenocarcinomas. Immunofluorescence study. Int J Cancer 
30:13-20 

Cam Y, Caulet T, Bellon G, Poulin G, Legros M, Pytlinska M (1984) Immunohistochemicallocaliza
tion of macromolecules of the basement membrane and the peritumoral stroma in human laryn
geal carcinomas. J Pathol 144: 34-44 

Carter RL, Burman JF, Barr L, Gusterson BA (1985) Immunohistochemical localization of basement 
membrane type IV collagen in invasive and metastatic squamous carcinomas of the head and 
neck. J Pathol147: 159-164 

Caselitz J (1984) Das pleomorphe Adenom. Histogenese, zelluHire Differenzierung, Tumormarker. 
Habilitationsschrift, Hamburg 

Caselitz J, Stegner HE, Osborn M, Walther B, Weber K (1985a) Die Rolle der Myoepithe1zellen 
bei normalem und neoplastisch verandertem Mammagewebe. Verh Dtsch Ges PathoI69:119-122 

Caselitz J, Stegner HE, Spiegel A (1985b) Die Stromareaktion beim Mammacarcinom. Verh Dtsch 
Ges Pathol 69: 254-257 

Caselitz J, Schulze I, Seifert G (1986) Adenoid cystic carcinoma of the salivary glands. An immunohis
tochemical study. J Oral PathoI15:308-318 

Chung E, Rhodes RK, Miller E (1976) Isolation of three collagenous components of probable 
basement origin from several tissues. Biochem Biophys Res Commun 71: 1167-1172 

Cooper SM, Keyser AJ, Beaulieu AD, Ruoslahti E, Nimni ME, Quismorio FP (1979) Increase 
in fibronectin in the deep dermis of involved skin in progressive systemic sclerosis. Arthritis 
and Rheumatism 22: 983-987 

Courtoy PJ, Kanwar YS, Hynes RO, Farquhar MG (1980) Fibronectin localization in the rat glomer
ulus. J Cell Bioi 87:691-696 

D'Ardenne AJ, McGee JO (1984) Fibronectin in disease. J PathoI142:235-251 
D'Ardenne AJ, Burns J, Sykes BC, Bennett MK (1983a) Fibronectin and type III collagen in epithelial 

neoplasms of gastrointestinal tract and salivary glands. J Clin PathoI36:756-763 
D'Ardenne AJ, Burns J, Sykes BC, Kirkpatrick P (1983b) Comparative distribution of fibronectin 

and type III collagen in normal human tissues. J Pathol141: 55-69 
Damiano VV, Tsang A, Christner P, Rosenbloom J, Weinbaum G (1978) Immunologic localization 

of elastin by electron microscopy. Am J Pathol 96: 439-456 
Damiano VV, Tsang A, Kucich U, Weinbaum G, Rosenbloom J (1981) Immunoelectronmicroscopic 

studies on cells synthesizing elastin. Conn Tiss Res 8: 185-188 
Damiano VV, Tsang A, Kucich U, Weinbaum G, Christner P, Rosenbloom J (1984) Secretion 

of elastin in the embryonic chick aorta as visualized by immunoelectron microscopy. Conn Tiss 
Res 4: 153-164 

David G, Van den Berghe H (1983) Transformed mouse mammary epithelial cells synthesize undersul
fated basement membrane proteoglycan. J BioI Chern 258: 7338-7344 

David R, Buchner A (1980) Elastosis in benign and malignant salivary gland tumors. Cancer 
45:2301-2310 

Elias JM (1982) Principles and techniques in diagnostic histopathology. Noyes Publications, Park 
Ridge, USA 

Engel J, Odermatt E, Angel A, Madri JA, Furthmayr H, Rohde H, Timpl R (1981) Shapes, domain 
organizations anf flexibility of laminin and fibronectin, two multifunctional proteins of the extra
cellular matrix. J Mol Bioi 150:97-120 

Engvall E, Ruoslahti E, Miller EJ (1978) Affinity of fibronectin to collagen of different genetic 
types and to fibrinogen. J Exp Med 147:1584-1595 



240 J. CASELITZ 

Farquhar MG, Courtoy PJ, Lemkin MC, Kanwar YS (1982) Current knowledge of the functional 
architecture of the glomerula basement membrane. In: Kuehn R, Schoene HH, Timpl R (eds) 
New trends in basement membrane research. Raven Press, New York, pp 9-29 

Fisher ER (1976) Ultrastructure of the human breast and its disorders. Am J Clin Pathol 66:291-375 
Flotte TJ, Bell DA, Greco MA (1980) Tubular carcinoma and sclerosing adenosis. Am J Surg 

Pathol 4: 75-77 
Foidart JM (1984) Les membranes basales. Arch Anat Cytol Path 32: 153-155 
Foidart JM, Yaar M (1981) Type IV collagen, laminin and fibronectin at the dermo-epidermal 

junction. In: Prunieras M, Robert L (eds) Epidermal keratinocyte. Differentiation and fibrillogen
esis. Karger, Basel, pp 175-188 

Foidart M, Bere EW, Yaar M, Rennard SI, Gullino M, Martin GR, Katz SI (1980) Distribution 
and immunoelectron microscopic localization of laminin, a noncollagenous basement membrane 
glycoprotein. Lab Invest 42: 336--342 

Fukuda Y, Ferrans VJ, Crystal RG (1984) Development of elastic fibers of nuchal ligament, aorta 
and lung of fetal and postnatal sheep: An ultrastructural and electron microscopic immunohisto
chemical study. Am J Anat 170: 597-629 

Furcht LT, Mosher DF, Wendelshafer-Crabb G (1978a) Immunocytochemical localization offibro
nectin (LETS protein) on the surface of L6 myoblasts: Light and electron microscopic studies. 
Cell 13:263-271 

Furcht LT, Mosher DG, Wendelschafer-Crabb G (1978b) Effects of cell density and transformation 
on the formation of a fibronectin extracellular filamentous matrix on human fibroblasts. Cancer 
Res 38 :4618-4623 

Furthmayr H (ed) (1982) Immunohistochemistry of the extracellular matrix, vol I, II. CRC Press, 
Boca Raton, Florida 

Fyrand ° (1980) Studies on fibronectin in the skin. IV. Indirect immunofluorescence studies in 
lupus erythematodes. Br J Dermatol 102: 167-171 

Gay S, Gay RE (1985) Pathobiochemistry of connective tissue in breast cancer. Verh Dtsch Ges 
Pathol 69: 62-73 

Gay S, Miller EJ (1983) What is collagen, and what is not. Ultrastruct Pathol 4: 365-377 
Gay S, Rhodes RK (1986) Immunolocalization of the genetically-distinct collagen types in the pathol

ogy of connective tissue. In: Spicer SS, Garvin AJ, Hennigar GR (eds) Applications of his toe hem
isty of pathologic diagnosis. Marcel Decker, New York 

Gay S, Martinez-Hernandez A, Rhodes RK, Milkier EJ (1981) The collagenous exocytoskeleton 
of smooth muscle cells. Collagen Rei Res 1: 377-386 

Gusterson BA, Warbuton MJ, Mitchell D, Ellison M, Neville AM, Rudland PS (1982) Distribution 
of myoepithelial cells and basement membrane proteins in the normal breast and benign and 
malignant breast disease. Cancer Res 42:4763-4770 

Gusterson BA, Warburton MJ, Mitchell D, Kraft N, Hancock WW (1984) Invading squamous 
cell carcinoma can retain a basal lamina. An immunohistochemical study using a monoclonal 
antibody to type IV collagen. Lab Invest 51: 82-87 

Gusterson BA, Clinton SS, Gough G (1986) Studies of early invasive and intraepithelial squamous 
cell carcinomas using an antibody to type IV collagen. Histopathology 10: 161-169 

Haglund C, Nordling S, Roberts PJ, Ekblom P (1984) Expression oflaminin in pancreatic neoplasms 
and in chronic pancreatitis. Am J Surg Pathol 8: 669-676 

Hantai D, Gautron J, Labat-Robert J (1983) Immunolocalization offibronectin and other macromol
ecules of the intercellular matrix in the striated muscle fiber of the adult rat. Collagen Rei 
Res 3:381-391 

Hay ED (1978) Role of basement membranes in development and differentiation. In: Kefalides 
NA (ed) Biology and chemistry of basement membranes. Academic Press, New York, pp 118-136 

Hedman K (1980) Intracellular localization of fibronectin using immunoperoxidase cytochemistry 
in light and electron microscopy. J Histochem Cytochem 28: 1233-1241 

Hedman K, Vaheri A, Wartivaara J (1978) External fibronectin of cultured human fibroblasts is 
predominantly a matrix protein. J Cell Bioi 76: 748-760 

Hynes RO (1981) Fibronectin and its relation to cellular structure and behavior. In: Hay ED (ed) 
Cell biology of extracellular matrix. Plenum Press, New York, pp 295-33 

Hynes RO, Yamada KM (1982) Fibronectins: Multifunctional modular glycoproteins. J Cell Bioi 
95:369-377 



Basal Membrane Antigens as Tumor Markers 241 

Ingber DE, Madri JA, Jamieson JD (1986) Basement membrane reorients pancreatic epithelial tumor 
cells in vitro. Am J Pathol122: 129-139 

Iozzo RV (1984) Proteoglycans and neoplastic-mesenchymal cell interactions. Hum PathoI15:2-10 
Kahn P, Shin SI (1979) Cellular tumorgenicity in nude mice: Test of associations among loss 

of cell-surface fibronectin, anchorage independence, and tumor-forming ability. J Cell Bioi 
82: 1-16 

Kallioinen M (1985) Immunoelectron microscopic demonstration of the basement membrane compo
nents laminin and type IV collagen in the dermal cylindroma. J PathoI147:97-192 

Kallioinen M, Autio-Harmainen H, Dammert K, Risteli J, Risteli L (1984) Basement membrane 
laminin and type IV collagen in various benign and malignent adnexal tumors of the skin: 
An immunohistochemical study. J Invest Dermatol 83:276-280 

Kao RT, Hall J, Engel L, Stern R (1984) The matrix of human breast tumor cells is mitogenic 
for fibroblasts. Am J Patho1115: 109-116 

Kellokumpu I, Ekblom P, Scheinin TM, Andersson LC (1985) Malignant transformation in human 
colorectal mucosa as monitored by distribution of laminin, a basement membrane glycoprotein. 
Acta Pathol Microbiol Immunol Scand Sect A 93: 285-291 

Keski-Oja J, Sen A, Todaro GJ (1980) Direct association of fibronectin and actin molecules in 
vitro. J Cell Bioi 85: 527-533 

Kuehn K, Wiedemann H, Timpl R, Ristelli J, Dieringer H, Voss T, Glanville RW (1981) Macromole
cular structure of basement membrane collagens. Identification of 7S collagen as a crosslinking 
domain of type IV collagen. FEBS Lett 125:123-128 

Kuusela P, Vaheri A, Palo J, Ruoslahti E (1978) Demonstration offibronectin in human cerebrospinal 
fluid. J Lab Clin Med 92: 595-601 

Labat-Robert J, Birembaut P, Robert L, Adnet JJ (1981) Modification of fibronectin distribution 
pattern in solid human tumors. Diag HistopathoI4:299-306 

Laurie GW, Leblond CP, Martin GR (1982) Localization of type IV collagen, laminin, heparan 
sulfate proteoglycan, and fibronectin to the basal lamina of basement membranes. J Cell Bioi 
95:340-344 

Linder E, Vaheri A, Ruoslahti, Wartiovaara J (1975) Distribution of fibroblast surface antigen 
in the developing chick embryo. J Exp Med 142:42-49 

Liotta LA (1982) Tumor extracellular matrix. Lab Invest 47: 112-113 
Liotta LA (1984) Tumor invasion and metastases: Role of the basement membrane. Am J Pathol 

117:339-348 
Liotta LA, Rao CN, Barsky SH (1983) Tumor invasion and the extracellular matrix. Lab Invest 

49:636-649 
Madri JA, Roll FJ, Furthmayr H, Foidart JM (1980) Ultrastructural localization of fibronectin 

and laminin in the basement membranes of the murine kidney. J Cell Bioi 86: 682-687 
Martin GR, Kleinman HK, Terranova VP, Ledbetter S, Hassell JR (1984) The regulation of basement 

membrane formation and cell-matrix interactions by defined supramolecular complexes. Ciba 
Found Symp 108: 197-212 

Martin GR, Timpl R, Miiller PK, Kiihn K (1985) The genetically distinct collagens. Trends Biochem 
Sci 10:285-287 

Martinez-Hernandez A, Amenta PS (1983) The basement membrane in pathology. Lab Invest 
48:656-677 

Martinez-Hernandez A, Marsh CA, Clark CC, Macarak EJ, Brownell AG (1981 a) Fibronectin: 
its relationship to basement membranes. II. Ultrastructural studies in rat kidney. Collagen Rei 
Res 1 :405-418 

Martinez-Hernandez A, Marsh CA, Horn JF, Munoz E (1981 b) Glomerular basement membrane: 
lamina rara, lamina densa. Renal Physiol4: 137-147 

Martinez-Hernandez A, Gay S, Miller EJ (1982) Ultrastructural localization of type V collagen 
in rat kidney. J Cell Bioi 92:343-351 

McCarthy JB, Basara ML, Palm SL, Sas DF, Furcht LT (1985) The role of cell adhesions proteins 
- laminin and fibronectin - in the movement of malignant and metastatic cells. Cancer Metast 
Rev 4: 125-152 

Mosher DF, Saksela 0, Keski-Oja J, Vaheri A (1977) Distribution of a major surface-associated 
glycoprotein, fibronectin, in cultures of adherent cells. J Supramol Struct 6:551-557 

Neri A, Ruoslahti E, Nicolson GL (1981) Distribution of fibronectin on clonal cell lines of a rat 



242 J. CASELITZ 

mammary adenocarcinoma growing in vitro and in vivo at primary and metastatic sites. Cancer 
Res 41 : 5082-5095 

Ozzello L (1959) The behaviour of basement membranes in intraductal carcinoma of the breast. 
Am J Pathol 35: 887-891 

Palmer RM (1986) The identification of myoepithelial cells in human salivary glands. A review 
and comparison oflight microscopical methods. J Oral PathoI15:221-229 

Pitelka D, Hamamoto ST, Taggart BN (1980) Basal lamina and tissue recognition in malignant 
mammary tumors. Cancer Res 40: 1600-1611 

Polak JM, Van Noorden S (1983) Immunocytochemistry, practical applications in pathology and 
biology. John Wright and Sons, Bristol 

Quaroni A, Isselbacher KJ, Rouslahti E (1978) Fibronectin synthesis by epithelial crypt cells of 
rat small intestine. Proc Natl Acad Sci USA 75: 5548-5552 

Remberger K, Nerlich A (1985) Diagnostischer Wert der Darstellung von Basalmembranproteinen 
in benignen und malignen Mammaveriinderungen. Verh Dtsch Ges Pathol69: 123-130 

Roll FJ, Madri JA, Albert J, Furthmayr H (1980) Codistribution of collagen types IV and AB 
2 in basement membranes and mesangium of the kidney. J Cell Bioi 85: 597--616 

Ruoslahti E (1981) Fibronectin. J Oral Pathol10: 3-13 
Ruoslahti E (1984) Fibronectin in cell adhesion and invasion. Cancer Metast Rev 3:43-51 
Ruoslahti E, Hayman EG, Engvall E (1980) Fibronectin. In: Sell S (ed) Cancer markers. Humana 

Press, Clifton, New Jersey, pp 485-505 
Ruoslahti E, Engvall E, Hayman EG (1981) Fibronectin: Current concepts of its structure and 

functions. Coli Rei Res 1 :95-128 
Ruoslahti E, Hayman EG, Pierschbacher M, Engvall E (1982) Fibronectin: Purification, immuno

chemical properties, and biological properties. Meth Enzymol 82: 803-831 
Salo T, Liotta LA, Keski-Oia J, Turpeenniemi-Hujanen T, Tryggvason K (1982) Secretion of base

ment membrane collagen degrading enzyme and plasminogen activator by transformed cells -
role in metastasis. Int J Cancer 30: 669-673 

Sano J, Fujiwara S, Sato S, Ishizaki M, Su I (1981) AB (type V) and basement membrane (type 
IV) collagens in the bovine lung parenchyma: Electron microscopic localization by peroxidase
labeled antibody method. Biomed Res 2:20-29 

Schauer A, Brehler R, Bergholz M (1985) Immunhistochemische Brustkrebsdiagnostik. Verh Dtsch 
Ges PathoI69:171-186 

Scheinman 11, Fisch AJ, Matas A, Michael AF (1978) The immunohistopathology of glomerular 
antigens. Am J Patho190:71-84 

Schirrmacher V (1984) Eigenschaften von Tumorzellen als Voraussetzung der Metastasierung: Unter
suchungen zum metastatischen Phiinotyp. Verh Dtsch Ges Pathol 68: 12-17 

Schuppan D, Timpl R, Glanville RW (1980) Discontinuities in the triple helical sequence Gly-X-Y 
of basement membrane (type IV) collagen. FEBS Lett 115:297-300 

Seemayer TA, Lagac'e R, Schiirch W, Thelmo WL (1980) The myofibroblast: Biologic, pathologic, 
and theoretical considerations. Pathol Annu 15: 443-470 

Siegal GP, Barsky SH, Terranova VP, Liotta LA (1981) Stages of neoplastic transformation of 
human breast tissue as monitored by dissolution of basement membrane components. Invasion 
Metastasis 1 : 54-70 

Stampfer MR, Vlodavsky I, Smith MS, Ford R, Becker FF, Riggs J (1981) Fibronectin production 
in human mammary cells. J Nat! Cancer Inst 67:253-261 

Stanley JR, Beckwith JB, Fuller RP, Katz SI (1982a) A specific antigenic defect of basement mem
brane is found in basal cell carcinoma but not in other epidermal tumors. Cancer 50: 1486-1490 

Stanley JR, Woodley DT, Katz SI, Martin GR (1982b) Structure and function of basement mem
brane. J Invest Dermatol 79, 69s-72s 

Stegner HE (1986) Histopathologie der Mammatumoren. Licht- und elektronenmikroskopischer At
las. Enke, Stuttgart (English edition in preparation) 

Stenman S, Vaheri A (1981) Fibronectin human solid tumors. Int J Cancer 27:427-435 
Takashima A, Grinnell F (1984) Human keratinocyte adhesion and phagocytosis promoted by fibro

nectin. J Invest DermatoI83:352-358 
Tarin D, Hoyt BJ, Evans DJ (1982) Correlation of collagenase secretion with metastic-colonization 

potential in naturally occurring murine mammary tumors. Br J Cancer 23: 417-425 
Taylor CR (1986) Immunomicroscopy: A diagnostic tool for the surgical pathologist. Saunders, 

Philadelphia London Toronto 



Basal Membrane Antigens as Tumor Markers 243 

Terranova VP, Rohrbach DH, Martin GR (1980) Role of laminin in the attachment of PAM 212 
(epithelial) cells to basement membrane collagen. Cell 22: 719-726 

Terranova VP, Liotta LA, Russo RG, Martin GR (1982) Role of laminin in the attachment and 
metastasis of murine tumor cells. Cancer Res 42:2265-2269 

Terranova VP, Rao CN, Kalebic T, Margulies 1M, Goldstein IJ, Liotta LA (1983) Laminin receptor 
on human breast carcinoma cells. Proc Nat! Acad Sci 444--448 

Timpl R, Rohde H, Robey PG, Rennard SI, Foidart JM, Martin GR (1979) Laminin- a glycoprotein 
from basement membranes. J Bioi Chern 254: 9933-9937 

Timpl R, Wiedemann H, Van DeJden V, Furthmayr H, Kiihn K (1981) A network model for 
the organization of type IV collagen molecules in basement membranes. Eur J Biochem 
120:203-211 

Timpl R, Rohde H, Ristelli L, Ott U, Robey PG, Martin GR (1982) Laminin. In: Cunningham 
L, Fredericksen DW (eds) Structural and contractile proteins. Meth Enzymol 82: 831-848 

Timpl R, Dziadek M, Fujiwara S, Nowack H, Wick G (1983) Nidogen: A new, self-aggregating 
basement membrane protein. Eur J Biochem 137:455-465 

Toida M, Takeuchi J, Hara K, Sobue M, Tsukidata K, Goto K, Nakashima K (1984) Histochemical 
studies of intercellular components of salivary gland tumors with special reference to glycosamin
oglycan, laminin and vascular elements. Virchows Arch (Pathol Anat) 403: 15-26 

Tokuyasu KT (1980) Immunochemistry on ultrathin frozen sections. Histochem J 12:381-403 
Toto PD, Hsu DJ (1985) Product definition of pleomorphic adenoma of minor salivary glands. 

J Oral Pathol 14:818-832 
Urry DW (1983) What is elastin; what is not. Ultrastruct PathoI4:227-251 
Vacca LL (1985) Laboratory manual of histochemistry. Raven Press, New York 
Visser R, Van der Beek JMH, Havenith MG, Cleutjens JPM, Bosman FT (1986) Immunocytochemi

cal detection of basement membrane antigens in the histopathological evaluation of laryngeal 
dysplasia and neoplasia. Histopathology 10: 171-180 

Vracko R (1974) Basal lamina scaffold-Anatomy and significance for maintenance of orderly tissue 
structure. Am J Pathol 77:313-346 

Vracko R (1982) The role of basal lamina in maintenance of orderly tissue structure. In: Kuehn 
K, Schoene H, Timpl R (eds) New trends in basement membrane research. Raven Press, New 
York, pp 1-7 

Warburton MJ, Ferns SA, Rudland PS (1982a) Enhanced synthesis of basement membrane proteins 
during the differentiation of rat mammary tumor epithelial cells into myoepithelial-like cells 
in vitro. Exp Cell Res 137:373-380 

Warburton MJ, Mitchell D, Ormerod EJ, Rudland P (1982b) Distribution of myoepithelial cells 
and basement membrane proteins in the resting, pregnant, lactating, and involuting rat mammary 
gland. J Histochem Cytochem 10: 667-676 

Weber L, Krieg T, Miiller PK, Kirsch E, Timpl R (1982) Immunofluorescent localization of type 
IV collagen and laminin in human skin and its application in junctional zone pathology. Br 
J Dermatoll06:267-273 

Weber L, Krieg T, Timpl R (1984a) Ubersicht: Basalmembranen - Struktur, Funktion, Pathologie. 
Hautarzt 35: 279-286 

Weber L, Wick G, Gebhart W, Krieg T, Timpl R (1984b) Basement membrane components outline 
the tumor islands in cylindroma. Br J Dermatoll11 :45-51 

Weiss MA, Ooi BS, Ooi YM, Engvall E, Ruoslahti E (1979) Immunofluorescent localization of 
fibronectin in the human kidney. Lab Invest 41 :340-347 

Wells CA, Nicoll S, Ferguson DJP (1986) Adenoid cystic carcinoma of the breast: a case with 
axillary lymph node metastasis. Histopathology 10:415-424 

Wick G, Timpl R (1980) Study on the nature of the Good-Pasture antigen using a basement-producing 
mouse tumor. Clin Exp ImmunoI39:733-741 

Willingham MC (1980) Electron microscopic immunocytochemical localization of intracellular anti
gens in cultured cells: the EGF and ferritin bridge procedure. Histochem J 12:419-434 

Yang NS, Kirkland W, Jorgenson T, Furmanski P (1980) Absence of fibronectin and presence 
of plasminogen activator in both normal and malignant human mammary epithelial cells in 
culture. J Cell Bioi 84: 120--130 



Lectins and Blood Group Substances 
as "Tumor Markers" * 

J. CASELITZ 

1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 246 
2 Methodology of Detection of Carbohydrate Residues in the Cellular Membrane 248 
2.1 Affinity Histochemistry by Lectins . . . . . . . . 248 
2.2 Methods for the Detection of Blood Group Antigens 249 
3 Distribution Pattern in Human Organs and Tumors 251 
3.1 Epidermis and Mucosa . . . . . . . . . . 251 
3.2 Salivary Glands . . . . . . . . . . . . . 252 
3.3 Mammary Gland and Mammary Carcinoma 254 
3.4 Lung and Bronchial Tree 256 
3.5 Gastrointestinal Tract 257 
3.5.1 Stomach 257 
3.5.2 Colon. 258 
3.6 Liver 259 
3.7 Pancreas 260 
3.8 Urogenital Tract 260 
3.8.1 Kidney 260 
3.8.2 Urinary Bladder 261 
3.8.3 Male Genital Tract 262 
3.8.3.1 Prostate Gland 262 
3.8.3.2 Tests ...... 262 
3.9 Female Gential Tract 263 
3.9.1 Endometrium 263 
3.9.2 Ovary....... 263 
3.9.3 Placenta...... 263 
3.10 Haematopoietic and Lymphoreticular System 263 
3.10.1 Haematopoietic and Related System . . . . 263 
3.10.2 Lymphoid Tissue .. . . . . . . . . . . 264 
3.10.3 Blood Vessels and Lymphatic Vessels UEA (Ulex Europaeus Agglutinin) 264 
3.11 Central Nervous System and Pituitary Gland 265 
3.12 Other Tissues 265 
4 Discussion 266 
References . . . . . 269 

* Supported by the Sonderforschungsbereich 232 and by the Hamburger Stiftung zur Forderung der 
Krebsbekiimpfung 



246 

List of abbreviations 

Abbreviation Name 

BSA I, II 

Con A 

DBA 

HPA 
LCA 
LPA 
LTA 
MPA 
PLA 

PHA 

Bandeira (Griffonia) 
simplicifolia I, II 
Concanavalia A 
(Canavalia ensiformis) 
Dolichos biflorus 
(horse gram) 
Helix pomatia 
Lens culinaris 
Limulus polyphemus 
Lotus tetragonolobus 
Maclura pomifera 
Phaseolus lunatus 
(lima bean) 
Phaseolus vulgaris 
(black kidney bean) 

1 Introduction 

J. CASELITZ 

Abbreviation Name 

PHA 

PNA 

PWA 

PSA 
RCA 
SBA 
STA 
TGP 
UEA 
VVA 
WGA 

Phaseolus vulgaris 
(red kidney bean) 
Arachis hypogaea 
(pea nut) 
Phytolacca americana 
(Pokeweed) 
Pisum sativum 
Ricinus communis 
Glycine max (Soy bean) 
Solanum tuberosum 
Tetragonolobus purpurea 
Ulex europaeus 
Vicia villosa 
Triticum vulgaris 
(Wheat germ) 

In recent decades, research efforts have been focused on demonstrating changes 
in cell surface membrane during neoplastic transformation. This emphasis stems 
from the observation that the cell surface membrane may determine several 
characteristics of neoplastic cells such as decreased adhesion, loss of contact 
inhibition, increased growth rate, prolonged survival, increased invasiveness and 
motility, expression of "new" antigens and escape from immunological surveil
lance (review for glycolipids and glycoproteins in cancer: EMMELOT 1973; KOTT
GEN et al. 1979; YOGEESWARAN 1983; HAKOMORI 1984; BAENZINGER 1986). 

A recent advance in the histochemistry of complex carbohydrates resulted 
from the use of lectins which bind to specific carbohydrates and localize them 
in tissue sections (RAPIN and BURGER 1974). AB isoantigens are widely distrib
uted in human tissues and loss of AB isoantigen has been showp to be an 
early marker for neoplastic transformation in some tissues. The relation of 
ABH blood groups and development has been reviewed by SZULMAN (1980). 

Lectins are defined as proteins or glycoproteins of non-immune origin which bind specifically 
to carbohydrate residues. The term" lectin" is derived from the latin" legere" and refers the specificity 
to "pick out" special carbohydrate chains (GOLDSTEIN and HAYES 1978; Rom 1978). Lectins are 
often, but not exclusively, derived from plants and from animals (invertebrates and in lower verte
brates) (GOLDSTEIN 1981; LEATIIEM and ATKINS 1983). The ubiquitous existence of lectins has now 
been established (LIS and SHARON 1986). More than 100 lectins have been purified. All possess 
at least two binding sites for carbohydrate chains. Through their specific interaction, they exhibit 
many important biological functions such as distinguishing human blood groups, preferential aggluti
nation of immature or malignant cells and mitogenic stimulation of lymphocytes. 

The extensive literature on lectins has been summarized in several reviews (UHLENBRUCK 1971, 
1980,1981; NICOLSON 1974, 1976, 1978; SHARON and LIS 1975; SCHREVEL et al. 1981; BOG-HANSEN 
1982; SCHAUER 1982a, b; Boo-HANSEN and SPENGLER 1983; LEATIIEM et al. 1983; Boo-HANSEN 
and VAN DRiESSCHE 1986; LIS and SHARON 1986). 
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The lectins may be classified on the basis of their carbohydrate binding specificity (usually 
agglutination of erythrocytes or precipitation of carbohydrate containing polymers) (GOLDSTEIN 1981; 
LIS and SHARON 1986). 

1. D-M annose (D-Glucose) binding lectins: 
Canavalia ensiformis, Lens culinaris, Pisum sativum, Vicia faba. 

This group is mitogenic for lymphocytes. According to their amino acid sequences, these lectins 
seem to be closely related. 

2. N-Acetyl-D-Galactosamine binding lectins: 
Dolichos biflorus, Phaseolus vulgaris, Soy bean agglutinin, Helix pomatia, Saphora japonica. 

These lectins bind and agglutinate type A red blood cells. Phaseolus vulgaris (lima bean) is 
a good mitogen. 

3. N-Acetyl-D-Glucosamine binding lectins: 
Wheat germ, Ulex europaeus I, Solanum tuberosum, Phytolacca americana (Poke weed), Datura 
stramonium, Griffonia (sive Bandeiraea) simplicifolia I. 

These lectins bind to chitin and are best inhibited by oligomeres of N acetyl D glucosamine. 
Pokeweed is a potent mitogen for T and B lymphocytes, whereas Wheat germ agglutinin and 

Datura stramonium agglutinin are only weakly mitogenic towards T cells. 

4. D-Galactose binding lectins: 
Abrus precatorius, Arachis hypogaea (Pea nut), Griffonia (sive Bandeiraea) simplicifolia I, Maclura 
pomifera, Ricinus communis (Castor bean). 

The GSA (BSA) and maclura pomifera lectins agglutinate type B erythrocytes. 

5. L-fucose binding lectins: 
Lotus tetragonolobus agglutinin, Ulex europaeus I, Anguilla anguilla. 

These non-mitogenic lectins are useful reagents for typing of human 0 erythrocytes. 

6. Sialic acid binding lectins: 
Sialic acid binding lectins have been isolated from the horseshoe crab (Limulus polyphemus) and 
other types of crabs. 

The importance of sialic acid containing glycoconjugates on cell surfaces should make these 
lectins most interesting for biology and other related scientific disciplines. 

7. Lectins with complex carbohydrate binding sites: 
Phaseolus vulgaris (red kidney bean) 
Agaricus bisporus (mushroom) 

The lectin of the red kidney bean has a complex binding site. 

Neoplastic cell transformation is associated with an altered carbohydrate composi
tion of plasma membranes (NICOLSON 1976; WARREN et al. 1978). Demonstra

tion of altered lectin binding by tumor cells has been used to predict the likeli

hood of recurrence, the invasive potential of the neoplasm and to distinguish 

benign from malignant tumors. Lectin binding by tumor cells in tissue sections 

has been used for the study of various normal, dysplastic, and neoplastic tissues. 

The aim of this presentation is to elucidate the use of lectins as morphological 
tumor markers, and the literature reviewed is influenced by this purpose. Other 

aspects of lectins are dealt with in some excellent reviews (UHLENBRUCK 1971; 

NICOLSON 1974; SHARON and LIS 1975; ROTH 1978; SCHREVEL et al. 1981; 

SCHAUER 1982a, b; LEATHEM et al. 1983; LIS and SHARON 1986). 

Among the large number of lectins, only some of these substances have been analysed on human 
materials. Those which are commonly used are: Peanut agglutinin (Arachis hypopaea), Wheatgerm 
agglutinin (Tritium vulgaris), Ulex europaeus, Helix pomatia, Dolichos biflorus, Ricinus communis, 
Concanavalia ensiformis (COOPER 1984). The relation of some lectins to the blood group substances 
is given in Table 1 (for details: NICOLSON 1974; ROTH 1978; SCHREVEL et al. 1981; LEATHEM et al. 
1983; LIS and SHARON 1986). 



248 

Table 1. Lectins and their relation to blood group substances 

Blood group agglutinated 

A 

B 

A+B 

H 

M 

N 

Disaccharide of the 
Thomsen-Friedenreich antigen 

Origin of lectin 

Phaseolus limensis 
Viccia cracca 
Dolichos biflorus 
Crotalaria aegyptiaca 

Bandeiraea simplicifolia I 

Sophora japonica 
Calpurinea aurea 

Cytisus sessiliformis 
Laburnum alpinum 
Lotus tetragonolobus 
Ulex europaeus 

Iris amara 

Vivia graminea 
Bauhinia purpurea 

Arachis hypopeae 

2 Methodology of Detection of Carbohydrate Residues 
in the Cellular Membrane 

J. CASELITZ 

With regard to application in cytochemistry (SCHREVEL et al. 1979), the methods 
for the detection of cell glycoconjugates are summarized by SCHREVEL et al. 
(1981) and CULLING and REID (1982). Four main methods can be distinguished: 

1. Detection of anionic sites 
a) Use of cationic dyes (Alcian red, toluidine blue, ruthenium red) 
b) Use of cationic colloid (colloidal iron) 
c) Use of cationized ferritin or proteins. 

2. Detection of alcohol residues 
3. Detection of carbohydrate groups by use of lectins 
4. Application of antibodies (esp. monoclonal antibodies). 

Methods 1 and 2 have to be regarded as techniques of broad specificity, 
whereas 3 and 4 are techniques of rather narrow specificity. 

This paper concentrates on the application of lectins. 

2.1 Affinity Histochemistry by Lectins 

Lectins have been used in connection with various techniques for the identifica
tion of specific carbohydrate residues in tissue sections (ROTH and BINDER 1978; 
SCHULTE and SPICER 1983a, b, c, 1984; ALROY et al. 1984; HORISBERGER 1984; 
ROTH and TAATJES 1985). Although for some purposes frozen sections may 
be preferred (study of glycolipid receptors), formaldehyde fixed and paraffin 
embedded material is suitable for the investigation of many lectin binding sites. 
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At the light microscopic level, lectins have been applied with the following 
modifications (LEATHEM and ATKINS 1983): 

1. conjugated lectins (coupled to fluorochromes or chromagens) have been used directly on tissue 
sections, e.g. lectin-fluorescein isothiocyanate (FITC) and lectin-horseradish peroxidase, 

2. in indirect immunological techniques, lectins can be used in modifications like lectin-antilectin
FITC (or horseradish peroxidase). 

3. lectins can be used as the primary step in the peroxidase-anti peroxidase technique (PAP tech
nique) 

4. after being coupled to biotin, lectins can be used in the avidin-biotin-peroxidase technique. 
Although most papers present data for lectin use in light microscopy, elegant studies are being 

presented on the ultrastructural level, by using lectins coupled to gold (RoTH et al. 1983; ROTH 
and TAATJES 1985; ROTH 1986). The principles of the reactions are analogous to those in light 
microscopy. 

Other applications are the use of lectin binding in radioautography, which 
may be quantified (SAVERIANO et al. 1981). 

2.2 Methods for the Detection of Blood Group Antigens 

Several methods can be applied to detect carbohydrate residues and blood group 
antigens on the cellular membrane (DENK et al. 1974; WEINSTEIN et al. 1981). 
The red cell adherence technique has been applied on histological sections for 
some time (WEINSTEIN et al. 1981). Immunohistochemical techniques may be 
used as well: PAP technique (WEINSTEIN et al. 1981) and the avidin-biotin-system 
on the basis of polyclonal and monoclonal antibodies. An overview of the 
distribution of blood grup substances is given in Tables 2 and 3. 

Table 2. ABH antigens in human tumors. (According to WEIN
STEIN et al. 1981) 

Organ 

Blood vessels 

Breast 
Colon 
Fallopian tube 
Larynx 
Lung 

Oral epithelium 
Ovary 

Pancreas 
Prostate 
Skin 
Stomach 
Urinary bladder 

Uterine cervix 

Tumor 

Angioma 
Angiosarcoma 
Adenocarcinoma 
Adenocarcinoma 
Adenocarcinoma 
Squamous carcinoma 
Squamous carcinoma 
adenocarcinoma 
Squamous carcinoma 
Cystadenoma 
Cystadenocarcinoma 
Adenocarcinoma 
Adenocarcinoma 
Epidermal appendage tumours 
Adenocarcinoma 
Transitional carcinoma 
Inverted papilloma 
Squamous carcinoma 
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Table 3. Presence of Isoantigens A, B, H in normal adult human tissues. (According to WEINSTEIN 

et al. 1981) 

Location 

Adrenal 
Blood 
Blood vessels 
Breast 

Bronchus 

Central nervous system 

Esophagus 
Duodenum 

Colon 
Gallbladder 
Endometrium 

Exocervix 
Fallopian tube 
Kidney 

Larynx 
Liver 
Lung 
Muscles 
Ovary 
Pancreas 
Pituitary 
Placenta 

Prostate 
Epidermis 

Small intestine 

Stomach 
Testis 
Tongue 

Trachea 

Urinary system 
Vagina 
Connective tissue 

Positive 

Erythrocytes 
Endothelial cells 
Glands 
Ducts 
Pseudostratified 
columnar epithelia 
Mucous glands 

Squamous epithelium 
Epithelial cells 
Brunner's glands 
Proximal colon 
Columnar epithelia 
Epithelia 
(proliferative and secretory) 
Squamous epithelia 
Columnar epithelia 
Glomeruli collecting tubes 
convoluted tubes 
Squamous epithelia mucous glands 
Kupffer cells 
Mucous glands 

Cyst fluid 
exocrine glands 
colloid pars intermedia 
Trophoblast (partly) 

Glands 
Horny layer of squamous 
epithelium 
Sweat glands 
Columnar epithelia 
Brunner's glands 
Paneth cells 
Columnar epithelia 

Squamous epithelia 
Mucous glands 
Pseudostratified 
Columnar epithelia 
Mucous glands 
Urinary bladder, ureter 
Squamous epithelia mucous glands 

Negative 

Cortex, medulla 
White blood cells 

Serous glands 

Nerve cells 
Glial cells 
Basal cell layer 

Distal colon 

Serous glands 
Hepatocytes 
Serous glands, Hepatocytes 
smooth and striated muscle cells 

islets of Langerhans 

Trophoblast 
Cytotrophoblast 

Cells of basal and 
Malphigian layers 
Sebaceous glands 

Tubules 

Basal layer 

serous glands 

basal layer 
Collagen, bone, cartilage 
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3 Distribution Pattern in Human Organs and Tumors 

3.1 Epidermis and Mucosa 

The human epidermis (and related structures, like oral mucosa) represents a 
model of differentiation, the expression of which may be analysed on fundamen
tal and applied levels (ELIAS et al. 1983; RITTMAN and MACKENZIE 1983). REANO 
et al. (1982) have divided the lectins into 3 groups: 

Group 1 (BSA J, DBA, Limulus polyphemus, TGP, UEA, WGA) did not stain the normal epidermis. 
Group 2 (Canavalia ensijormis, Mac/urapomijera, Phaseolus vulgaris, RCA 1) exhibited a "pemphi
gus-like" intercellular labelling of the whole epidermis with exception of the stratum corneum. 
Group 3 (PNA, Glycine max, Helix pomatia, Sophora japonica) displayed a selective intercellular 
labelling of the stratum spinosum and the stratum granulosum. In psoriatic epidermis, not only 
the basal layer, but also cells from the adjacent lower stratum spinosum were found to be negative 
for the lectins in group 3 (REANO et al. 1982). 

PNA (Peanut Agglutinin) (Fig. 1) 

PNA binding sites in human epidermis have been analysed by REANO et al. 
(1982), HYUN et al. (1984a-d) and LONING (1984). Its expression in squamous 
cell carcinomas is variable. Most Merkel cell tumors were positive for PNA 
(PAJOR et al. 1986), this lectin being considered as a valuable marker for this 
tumor. 

Fig. 1. a PNA binding sites in squamous cell carcinoma of the skin. Intense staining of tumor cells 
after sialidase (neuraminidase) digestion. x 300. b PNA binding sites in carcinoma in situ of the 
cervix. Intense staining of tumor cells after sialidase (neuraminidase) digestion. x 300 
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WGA (Wheat Germ Agglutinin) 

WGA receptors do not play an important role in carcinomas of the epidermis 
and the mucosa (REANO et al. 1982, HYUN etal. 1984a-d). WGA receptors 
display a zonal arrangement in the oral mucosa (HOSAKA et al. 1985). 

UEA (Ulex Europaeus Agglutinin) 

UEA 1 receptors do not play an important role in carcinomas of the epidermis 
and oral mucosa (REANO et al. 1982, HOSAKA et al. 1985). 

HPA (Helix Pomatia Agglutinin) 

The binding of HPA to squamous carcinomas of the epidermis and the mucosa 
is variable (LONING 1984). 

Basal cell carcinomas are negative for DBA, whereas normal basal cells are in about 50% positive 
(COGGI et al. 1983). RCA 1 binding was slightly decreased in actinic keratoses and cases of Bowen's 
disease. In epidermal outgrowths from the edges of healing wound and in squamous and basal 
cell carcinomas, the binding of RCA 1 was diminished (QRAEM 1982). Receptors in oral carcinomas 
could not be demonstrated in invading islands of the tumors (DABELSTEEN and MACKENZIE 1978; 
DABELSTEEN et al. 1978). There is a shift in carbohydrate composition in inflammatory and, more 
important, in neoplastic lesions (DABELSTEEN and MACKENZIE 1978). 

Other lectins (Con A, SBA, BSA, SJA) have been analysed in the human epidermis and oral 
mucosa and its neoplastic counterparts (REANo et al. 1982; QRAEM and DABELSTEEN 1984; HOSAKA 
et al. 1985). 

Blood Group Antigens 

Loss of epithelial blood group substance A in oral premalignant lesions and 
oral carcinomas have been described by DABELSTEEN and PINDBORG (1973), 
by DABELSTEEN et al. (1975) and by DABELSTEEN and DANIELS (1983). Similar 
data are reported by Lm et al. (1974) using the red cell adherence technique, 
and by PRENDERGAST et al. (1968). LIN et al. (1977) compared isoantigens A, 
Band H in normal mucosa and in carcinoma of the larynx. DABELSTEEN et al. 
(1974) analysed blood group substance A in carcinoma of the larynx. 

ENGLAND et al. (1979) analysed blood group antigens A, B, H in normal 
skin and in tumors of the epidermal appendages. 

3.2 Salivary Glands 

PNA (Peanut Agglutinin) (Fig. 2) 

PNA receptors are found in many salivary gland tumours, especially in the 
malignant ones like adenoid cystic carcinomas (CASELITZ et al. 1986), but also 
in pleomorphic adenomas (CASELITZ and SEIFERT 1981; CASELITZ 1987). DALEY 
et al. (1985) report a weak PNA staining in various salivary gland tumours, 
mostly apically localized, in the ductal cells or in the cystic areas. 

WGA (Wheat Germ Agglutinin) (Fig. 3) 

Corresponding to the normal tissue, WGA generally decorates the luminal mem
brane of the duct cells in the tubular parts of pleomorphic adenomas and ade-
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noid cystic carcinomas (CASELITZ et al. 1986; CASELITZ 1987). DALEY et al. 
(1985) report a staining of the stromal part of these tumours. Mucous cells 
and cystic contents in mucoepidernloid tumours stained intensely, whereas inter
mediate and squamous cells were negative (DALEY et al. 1985). 

Con A binding was present in the cytoplasm of many non-ductal cells of pleomorphic adenomas 
and in most of the basaloid cells of adenoid cystic carcinoma (DALEY et al. 1985). Some myoepithelial
like cells were positive. Most mucous cells in mucoepidermoid tumours and most cells in acinic 
cell carcinomas displayed a moderate to intense binding (DALEY et al. 1985). DALEY et al. (1985) 
report a weak, erratic binding of SBA in the apical glycocalyx of ductal cells, mucous cells and 
cystic contents. 

TGP (Tetragonolobus purpurea) binding features were similar to those of WGA (DALEY et al. 
1985). 

Blood Group Antigens 

Blood group substances are found in the saliva. They can be identified in salivary 
gland tissue and salivary gland tumours (HAMPER et al. 1986). In normal tissue 
the expression of blood group substances corresponded to the serological blood 
group. Blood group substance H was found in almost every gland. In some 
glands, Le-b was rather selective for mucous acini. In salivary gland tumours, 
blood group substances were expressed in benign and highly differentiated tu
mors (HAMPER et al. 1986). WOLTERING et al. (1983) analysed parotid neoplasms 
by the specific red cell adherence technique. There was no reaction with red 
cell agglutination with the ductal epithelium. In malignant tumors there seems 
to be a loss of ABH substances as shown by this technique. 

3.3 Mammary Gland and Mammary Carcinoma 

PNA (Peanut Agglutinin) (Fig. 4) 

Various lectins have been analysed in the mammary gland. The most important 
one is the Peanut Agglutinin (PNA) which detects the disaccharide Gal-GalNac 
which plays a leading role in the Thomsen-Friedenreich-phenomenon. It is re
lated to the MN blood group system (SPRINGER et al. 1974, 1975; KLEIN et al. 
1979; FRANKLIN 1983; HAGEMAN et al. 1983). 

Despite the fact that PNA may be helpful in detecting carcinoma cells in 
lymph node metastases (STEGNER et al. 1981) its primary importance lies in 
the observation that the expression of lectin binding sites are demonstrated 
in those carcinomas which are positive for estrogen receptors (LEATHEM et al. 
1983; BOCKER et al. 1984, 1985; KLEIN and WURZ 1985; TOTOVIC et al. 1985; 
VIERBUCHEN et al. 1985; REMMELE et al. 1986). Although these studies confirm 
the general correlation ofPNA binding sites and estrogen receptors, the practical 
problem often lies in finding the right "cut off level" for a given method and 
collective. 

The general association of high differentiation and the expression of PNA 
receptors has been demonstrated by many groups (HOWARD and BATSAKIS 1980; 
HOWARD et al. 1981). Well differentiated mammary carcinomas will localize 



Lectins and Blood Group Substances as "Tumor Markers" 253 

Fig. 2. a PNA binding sites in excretory duct of human parotid gland. Staining of basal cell fraction 
after sialidase digestion. x 300. b PNA binding sites in duct cells of human parotid gland. Staining 
of the apical part of the cells. x 300 

Fig. 3. a PNA binding sites in tubular part of adenoid cystic carcinoma. Staining of the luminal 
surface of the tumor cells. x 300. b WGA binding sites in pleomorphic adenoma. Strong staining 
of the apical part in the tubules. x 300 
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Fig. 4. a PNA binding sites (after sialidase digestion) in solid mammary carcinoma (NOS). Strong 
cytoplasmic staining of the tumor cells. x 300. b PNA binding sites (after sialidase digestion) in 
infiltrating lobular carcinoma of the mammary gland. Vacuolar and globular staining of the cytoplasm 
of the tumor cells. x 300 

PNA to the apical portion of epithelial cells. Solid or poorly differentiated 
carcinomas of the breast will either localize PNA intracytoplasmically or not 
at all. KAHN and BAUMAL (1985) studied the differences in lectin binding in 
tissue sections of human and murine malignant tumors and their metastases. 
There was a weaker staining for PNA (without sialidase (neuraminidase) diges
tion) in those primary breast carcinomas which had no metastases. The staining 
was strong in metastatic tumours of breast carcinomas. 

New aspects are introduced by the combination of affinity histochemistry with PNA and cytopho
tometry, and by the use of cell culture systems (DAXENBICHLER et aL 1985; ZIPPEL et aL 1985). 

WGA (Wheat Germ Agglutinin) (Fig. 5) 

In cancer cells there is generally a shift from luminal towards cytoplasmic stain
ing (LEATHEM et al. 1983; FRANKLIN 1983; WALKER 1984). 

Primary and metastatic breast carcinoma cells are equally positive for WGA 
(KAHN and BAUMAL 1985). WGA binding to tumour cells suggests that a large 
proportion of the exposed carbohydrates in mammary cancers consists of N
acetyl-D-glucosamine (GlucNAc) and/or sialic acid. There are some data sug
gesting that the carbohydrate stained in the current study may include CEA, 
which can be extracted from breast carcinomas by Sepharose columns coupled 
to WGA (SANTEN et al. 1980). 
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Fig. 5. WGA binding sites (after sialidase digestion) in solid carcinoma of the mammary gland. 
Strong cytoplasmic staining of the tumor cells. x 150 

HPA (Helix Pomatia Agglutinin) 

Helix pomatia agglutinin was observed in the luminal surface and the secretion 
of normal cell in the mammary gland (LEATHEM and ATKINS 1983). It is found 
in a subpopulation of cancer cells (LEATHEM et al. 1983). 

DBA, RCA, Con A, PWA, LTA and SBA receptors have been studied in human mammary 
cancer cells (FRANKLIN 1983; LEATHEM and ATKINS 1983; LEATHEM et al. 1983; WALKER 1985b). 

Blood Group Antigens 

AB isoantigen expression in normal breast tissue was found to be largely con
fined to the mammary duct system, whereas loss of AB isoantigen expression 
was a feature of intraductal carcinoma (STRAUCHEN et al. 1980).Varying degrees 
of isoantigen loss were observed in proliferative lesions associated with fibrocys
tic disease. In contrast to other tissues, loss of AB isoantigen expression in 
proliferative breast lesions is not necessarily evidence of malignancy. GUPTA 

and SCHUSTER (1973) compared isoantigens A, B, H in benign and malignant 
lesions of the breast. 

3.4 Lung and Bronchial Tree 

PNA receptors have been analysed in cell lines of small cell lung cancer and 
squamous cell carcinoma (RAEDLER et al. 1985). 80 to 100% of the cells in 
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the cell line were positive for PNA (RAEDLER et al. 1985). MIYAUCHI et al. 
(1982a) have identified PNA receptors in human lung carcinomas. RAEDLER 
et al. (1985) analysed the distribution of WGA, UEA, HPA, and RCA1 in 
cell cultures of human lung cancers (squamous cell carcinoma and oat cell 
carcinoma). 80 to 100% of the tumor cells were positive for RCA 1. Cell cultures 
from oat cell carcinomas were negative for Con A (RAEDLER et al. 1985). LCA 
and SBA receptors were present in cell lines of human oat cell carcinoma and 
squamous cell carcinoma of the lung (RAEDLER et al. 1985). The same group 
analysed various other lectins in human lung carcinomas. 

Blood Group Antigens 

DAVIDSOHN and NI (1969) found a loss of AB isoantigens in human lung carcino
mas. 

3.5 Gastrointestinal Tract 

3.5.1 Stomach 

P N A (Peanut Agglutinin) 

There was some change in the PNA binding pattern during metaplasia of the 
gastric mucosa (COGGI et al. 1983; KUHLMANN et al. 1983; BUR and FRANKLIN 
1985). Carcinomas of the intestine and diffuse types contained both PNA-positive 
and PNA-negative cells of which PNA-positive cells occurred preferentially in 
the tumour periphery adjacent to normal mucosa (KUHLMANN et al. 1983). Ex
tracellular mucus and cell borders are intensely stained by PNA after sialidase 
(neuraminidase) treatment, 50% of the cases being positive even without enzyme 
digestion (COGGI et al. 1983). 

U EA (Ulex Europaeus Agglutinin) 

Gastric carcinomas revealed a heterogenous picture for UEA with positive and 
negative tumor cells (KUHLMANN et al. 1983; BUR and FRANKLIN 1985). 

Some normal cells of the gastric mucosa and some tumors were positive for WGA (FISCHER 
et al. 1983, 1984). About half of carcinomas of the intestinal type were positive for DBA (KUHLMANN 
et al. 1983). Tumour cells were sometimes strongly stained for BSA (BUR and FRANKLIN 1985), 
and occasionally for SBA receptors (COGGI et al. 1983; BUR and FRANKLIN 1985). 

Blood Group Antigens 

Generally, there is a loss of blood group substances in human gastric cancer 
(COWAN 1962; DAVIDSOHN et al. 1971a; DENK et al. 1974; PICARD et al. 1978; 
FINAN et al. 1983), but not in the surrounding normal mucosa (FINAN et al. 
1983). SLOCOMBE et al. (1980) studied the distribution of blood group antigens 
in gastric carcinoma by the immunoperoxidase technique. No clear relationship 
between the tumor differentiation and preservation of blood group substances 
was found. In some, even well differentiated, tumours there was a loss of blood 
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Fig. 6. WGA binding sites in adenocarcinoma of the stomach (intestinal type). x 300 

group substances (A, B, H), obviously due to the fact that in these cells there 
is a blocking of the normal elongation of the carbohydrate portion of blood 
group substances (SLOCOMBE et al. 1980). Gastric carcinomas presented a loss 
of ABH antigens and an augmentation of Lewis a and I (Ma) antigens, the 
neoplastic tissue showing a marked heterogeneity of expression. Ca 19-9, corre
sponding to sialylated Lewis a antigen, was detected in 62% of gastric carcino
mas (HIROHASHI et al. 1984). ERNST et al. (1984) detected Lewis a antigen in 
gastric carcinoma (80%) more often than in normal gastric mucosa (40%). 

3.5.2 Colon 

P N A (Peanut Agglutinin) (Fig. 7) 

In adenomas, PNA reacts with the supranuclear region of adenoma cells that 
produces mucin goblets. On contrast, neoplastic non-mucinous columnar cells 
react with PNA in the apical and glycocalyx region (COOPER and REUTER 1983). 
PNA receptors are found in the apical and glycocalyx region of the colon 
cancer cells, indicating that the synthesis of MN blood group related glycopro
teins is disturbed in these cells (BOLAND et al. 1982; COOPER 1982; Hsu and 
RAINE 1982; COGGI et al. 1983). There was a strong labelling of the mucin ' 
in the lumen (BOLAND et al. 1982), especially in colloid carcinoma. 

UEA (Ulex Europaeus Agglutinin) 

The distribution pattern ofUEA receptors in the normal human gastrointestinal 
tract, including the colon, and in adenomas and carcinomas of the colon have 
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Fig. 7. PNA binding sites (after sialidase digestion) in adenocarcinoma of the colon. x 300 

been analysed by YONEZAWA et al. (1982) and by biochemical methods (MATSU

SHITA et al. 1985). 

In contrast to the finding in the normal mucosa (COGGI et al. 1983), adenomas of the colonic 
mucosa are strongly positive for DBA (COGGI et al. 1983). Although dysplastic epithelium is positive 
for DBA1, this pattern seems to be lost in parts of the true carcinoma. RCA (RCA1) receptors 
are found in epithelial cells of the large bowel (FISCHER et al. 1983). In contrast to the findings 
with HPA, Con A receptors are strongly expressed in epithelial cells of the large bowel (FISCHER 
et al. 1983). According to NAKAYAMA et al. (1985) the Bandeiraea (Groffonia) simplicifolia agglutin
in II displayed a strong affinity to colonic carcinoma cells. The staining was enhanced after prior 
digestion with neuraminidase. 

Blood Group Substances 

DAVIDSOHN et al. (1966) studied the distribution of A, B, H substances in gastro
intestinal carcinoma. ABDELFATTAH-GAD and DENK (1980) analysed epithelial 
blood group antigens in human carcinoma of the distal colon. Other groups 
analysed the glycoproteins metabolism in inflammatory and neoplastic diseases 
of the human colon (KIM et al. 1974; KIM and ISAAcs 1975). DENK et al. (1975) 
found epithelial blood group antigens in the secretory part of goblet cells with 
slight-to-moderate atypia and in the whole cell in cases of pronounced dediffer
entiation. 

3.6 Liver 

Lectin receptors have been especially analysed in rodent tissue. CHERQUI et al. 
(1982) report the use of lectins for the characterization of the insulin receptor 
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glycosidic moiety in rat adipocytes and hepatocytes. VIRTANEN et al. (1978) 
analysed the distribution of various lectins (Con A, WGA, RCA, SBA, Lotus 
tetragonolus agglutinin) in rat liver cell surface fractions. 

3.7 Pancreas 

PNA (Peanut Agglutinin) 

Binding of P N A is only inconsistently found in normal tissue. It is obvious 
in hyperplastic conditions and ductal carcinoma (KLi)PPEL et al. 1984; KLOPPEL 
and FITZGERALD 1986). 

Hyperplastic lesions are strongly positive and duct carcinomas are incon
sistently positive for WGA (KLOPPEL and FITZGERALD 1986). UEA receptors 
are prominent in hyperplastic lesions of the pancreatic gland (KLOPPEL and 
FITZGERALD 1986). HPA receptors are present in the normal pancreatic gland 
and in pancreatic carcinomas (KLOPPEL et al. 1984; KLOPPEL and FITZGERALD 
1986), they are augmented in hyperplastic conditions of the pancreatic tissue 
(KLOPPEL and FITZGERALD 1986). 

Other Lectins 

DBA receptors present a similar distribution pattern as WGA receptors (KLOPPEL et al. 1984). Normal 
pancreatic tissue is negative, hyperplastic lesions are strongly positive, pancreatic carcinomas are 
positive (KLOPPEL and FITZGERALD 1986). 

Blood Group Antigens 

DAVIDSOHN et al. (1971 b) analysed the distribution of isoantigens A, B, H in 
carcinoma of the pancreas. 

3.8 Urogenital Tract 

3.B.1 Kidney 

PNA receptors were localized in nephrogenic adenomas (DEVINE et al. 1984). 
The presence of PNA in renal carcinoma is analysed by LEATHEM and ATKINS 
(1983). Nephroblastomas are positive for PNA (WICK et al. 1986). 

There is a granular staining with renal oncocytomas with WGA (HOLTHOFER 
1986). Epithelial parts of nephroblastomas are positive for WGA (WICK et al. 
1986). UEA only binds to vascular endothelium (ULRICH et al. 1985). In some 
tumors, the degree of vascularization can be evaluated by use of this lectin. 
HPA is present in renal carcinomas (RAEDLER et al. 1982). 

Other Lectins 

Renal oncocytomas are reported to have a high affinity for DBA (ULRICH et al. 1985). In renal 
oncocytomas, there is a granular staining of the cytoplasm (HOLTHOFER 1986). Nephroblastomas 
are positive for SBA (WICK et al. 1986). 
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Blood Group Antigens 

PEDAL and BAEDEKER (1985) analysed the distribution of A, B, H and secretor 
substances in kidneys. They found a reliable staining with the PAP technique, 
by using monoclonal antibodies. 

3.8.2 Urinary Bladder 

The expression and the loss of blood group antigens in bladder antigens have 
been analysed by several groups (for review: WEINSTEIN et al. 1981; ALROY 
et al. 1982 a, b; LIMAS and LANGE 1982). Expression of the ABH blood group 
antigens has been related to tumor behaviour and patient's prognosis in transi
tional-cell carcinoma of the urinary bladder. 

P N A (Peanut Agglutinin) 

COON et al. (1982) found that the Thomsen-Friedenreich Antigen as detected 
by the PNA affinity histochemistry is absent in normal bladder mucosa and 
can only be detected after digestion with sialidase (neuraminidase). Three types 
of PNA binding in urothelial carcinomas were established (COOPER 1984, see 
also Table 4): 

1. cryptic ( + ) neoplasms with PNA binding sites only after neuraminidase digestion 
2. Thomsen-Friedenreich antigen positive carcinoma cells with PNA binding sites prior to neuramini-

dase digestion 
3. cryptic ( - ) neoplasms that were negative for PNA binding sites even after neuraminidase treatment. 

The worst prognosis is found in the group which were cryptic T antigen negative 
(COON et al. 1982). In this context, the expression of the Thomsen-Friedenreich 
antigen (without and after neuraminidase treatment) may be a prognostically 
useful immunohistochemical marker, together with the expression of ABH sub
stances. 

A new approach by dual parameter flow cytometric measurements of DNA content and PNA 
binding is presented by ORNTOFT et al. (1986). The cellular lectin binding seems to be correlated 
to the degree of aneuploidy. 

Table 4. Diagrammatic presentation of probable structures corresponding to different T-antigen 
reactivities of bladder carcinomas (similar findings in other tumours) 

Cryptic T antigen 

NANA---Gal beta 1-3 GalNac alpha Ser/Thr 

I 
NANA 

T Antigen 

Gal beta 1-3 GalNAc alpha SerjThr 

Cryptic antigen undetectable 
? ---Ser/Thr 
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WGA (Wheat Germ Agglutinin) and UEA (Ulex Europaeus Agglutinin) 

WGA receptors which are present in nonnal urothelial epithelium are lost in 
urinary bladder carcinomas (NIELSEN et al. 1986). A positive staining with UEA 
was observed in most blood group 0 patients with a urothelial carcinoma (79%) 
and in most tumours of patients with blood group A or B (90%). In blood 
group A patients, NIELSEN et al. (1986) found staining of the cytoplasm of 
the luminal urothelial cells. In situ dedifferentiation was associated with staining 
of cytoplasm of all layers, the truly invasive cells being negative for DEA (NIEL
SEN et al. 1986). 

Blood Group Antigens 

The behaviour of blood group substances in carcinomas of the urothelium is 
well documented in many papers (among others: KAY and WALLACE 1961; 
KATO 1977; JOHNSON and LAMM 1980; LIMAS and LANGE 1982; for review: 
WEINSTEIN et al. 1981). There is a loss of blood group substances in poorly 
differentiated carcinomas. 

3.8.3 Male Genital Tract 

3.8.3.1 Prostate Gland 

PNA (Peanut Agglutinin) 

A strong expression ofPNA receptors is observed in many prostatic carcinomas. 
The pattern is not changed after antiandrogenic treatment (WERNERT and DHOM 
1986). 

Other Lectins 

UCCI et al. (1983) and LEATIIEM and ATKINS (1983) analysed the distribution oflectins in the normal 
prostate gland and in carcinomas of this organ. 

Blood Group Antigens 

GUPTA et al. (1973) report a loss of AB isoantigens in prostate cancer. 

3.8.3.2 Testis 

In human germ cell tumors, most embryonal carcinomas in adult testis were 
positive, all yolk sac tumours were positive for PNA. Most seminomas and 
choriocarcinomas were negative (TESHIMA et al. 1984). Squamous epithelium 
in teratomas were positive for PNA (TESHIMA et al. 1984). WGA receptors were 
found in spermatoza of man (DE CEREZO et al. 1982). In seminomas, all tumor 
cells were positive for this lectin (LEE et al. 1985). All yolk sac tumours and 
7 of 16 embryonal carcinomas were positive for UEA whereas seminomas and 
choriocarcinomas were negative (TESHIMA et al. 1984). Squamous epithelium 
in teratomas was positive for DEA (TESHIMA et al. 1984). 
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Other Lectins 

LEE et al. (1985) and TESIDMA et al. (1984) report the different binding patterns of lectins in the 
various tumors of the testis. 

3.9 Female Genital Tract 

3.9.1 Endometrium 

More than 70% of endometrial carcinomas displayed a binding for PNA with 
different structural patterns (ZIPPEL et al. 1986). WGA receptors were localized 
at the cell luminal border of endometrial carcinoma (KLUSKENS et al. 1984). 
Con A binding is increased in cells in endometrial carcinoma (KLUSKENS et al. 
1984). LEE and DAMJANOV (1985) analysed different lectin binding pattern with 
respect to the functional status of the endometrium. 

3.9.2 Ovary 

There are few reports on the distribution of lectin binding sites in ovarian 
tissue. DIETEL et al. (1986) found that the staining pattern of various lectins 
(PNA, WGA, UEA I, RCA, Con A, SBA) was not correlated with the cellular 
differentiation of normal tissue and various neoplastic disorders. 

Concerning the blood group substances, blood group substances of the ABO 
system and the Lewis system were found in normal tissues and benign tumors. 
In borderline lesions the over all expression of blood group substances was 
reduced by 15%. The reduction of blood group substance expression was even 
more distinct malignant ovarian tumors (DIETEL et al. 1986). 

3.9.3 Placenta 

PNA and WGA binding sites are found at the basement membrane of the human placenta (LEE 
and DAMJANOV 1984). UEA 1 receptors have not been found in the trophoblast (LEE and DAMJANOV 
1984). LEE and DAMJANOV (1984) analysed various lectins and their stage related binding to human 
placental tissues (HPA, DBA, Con A, BPA, BSA I, BSA II, HAA, LBA, LCA, MPA PHA E, PHA L, 
RCA 1, RCA 2, SBA, STA, VVA). 

Blood Group Antigens 

LOKE and BALLARD (1973) localized blood group A antigens in human trophoblast cells. STEJSKAL 
et al. (1973) analysed the distribution of isoantigens in the human fetus. 

3.10 Haematopoietic and Lymphoreticular System 

3.10.1 Haematopoietic and Related System 

The different blood group substances can be identified on the surface of red cells, either by the 
use of polyclonal and monoclonal antibodies or by appropriate lectins (for review: UHLENBRUCK 
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1971 and others). STODDART et al. (1980) have analysed lectin staining of carbohydrate of haemic 
cells. BAYER et al. (1976) localized lectin and antibody receptors on erythrocytes. 

Untreated erythrocytes do not bind PNA. Owing to the removal of terminal sialic acid from 
its protein (glycophorin), erythrocytes react with PNA after digestion with neuraminidase (POSCH
MANN et al. 1976 and others). The removal of neuraminic (sialic) acid exposes the normally cryptic 
T blood group antigen. WGA labelling for leucocytes is generally stronger than for erythrocytes 
and platelets (ZINSMEISTER and ACKERMAN 1983). RCA reacted with the plasmalemma and cytoplasm 
of normal human bone marrow cells and blood cells. There was no detectable difference between 
normal and leukaemic cells (STODDART et al. 1980). Con A reacted with the plasmalemma and cyto
plasm of normal human bone marrow cells and blood cells. 

3.10.2 Lymphoid Tissue 

PNA (Peanut Agglutinin) 

Different groups obtained different results by use of PNA, probably due to 
the various techniques of detecting lectin receptors (COOPER 1984). PNA has 
been shown to react with activated T cells (CHERVENAK and COHEN 1982), it 
binds to follicular center lymphocytes (STRAUCHEN 1985), to human B lympho
cytes (COOPER 1984), and reacts with immature human thymocytes (REISNER 
et al. 1979). Centro blasts and centrocytes are said to react with PNA (COGGI 
et al. 1983). HOWARD and BATSAKIS (1982) found that PNA was a marker for 
tissue histiocytes. There is an intracytoplasmic binding in histiocytes of reactive 
germinal centers (REE and Hsu 1983). Nodular lymphomas display a diffuse 
staining with PNA (REE and Hsu 1983). Cells in Burkitt's lymphoma are positive 
for PNA (MIYAUCHI et al. 1982). REE et al. (1983) demonstrated that stromal 
macrophage-histiocytes were positive in diffuse large cell lymphomas. MOLLER 
(1982) found that Hodgkin cells are positive for PNA. This kind of reaction 
may be useful in paraffin embedded material. Hsu et al. (1985) did not find 
a constant reaction with Hodgkin and Sternberg-Reed cells (cell line studies 
in Hodgkin's disease: UHLENBRUCK et al. 1986). 

WGA binding sites found in in macrophages and tumor cells of diffuse 
large cell lymphoma (REE et al. 1983). STRAUCHEN (1985) has analysed UEA 
receptors in lymphomas. Lymphatic vessels, in contrast to blood vessels, are 
negative for UEA (WALKER 1985a). 

Con A binding sites have been identified in lymphoma cells (RAPIN and BURGER 1974) and 
in stromal macrophages-histiocytes of diffuse large cell lymphoma (REE 1983). STRAUCHEN (1985) 
reports binding of Con A to the follicular center macrophages and a positive population of dendritic 
cells in follicular lymphomas. Con A labelling to stromal histiocytes in paraffin sections may indicate 
a high risk of relapse in Hodgkin's disease (REE 1986). SEA binding sites have been found in 
lymphoma cells by RAPIN and BURGER (1974). RAEDLER et al. (1986a, b) found that the majority 
of SBA positive cells were T 11 positive and had to be regarded as T cells. The SBA positive 
cells were interpreted as immature. 

3.10.3 Blood Vessels and Lymphatic Vessels UEA (Ulex Europaeus Agglutinin) 

The value of UEA as a marker for vascular epithelium has been demonstrated by various papers 
(YONEZAWA et al. 1982; HOLTHOFER et al. 1982; BORISCH et al. 1983; MIETTINEN et al. 1983; MOLLER 
and LENNERT 1984; WALKER 1985a). Kaposi sarcoma, haemangioma and angiosarcoma are UEA 1 
and factor VIII positive (ANGERVALL et al. 1985; BENDELAC et al. 1985). Another lectin with fucose 



Lectins and Blood Group Substances as "Tumor Markers" 265 

binding, Lotus agglutinin, failed to react with endothelium, suggesting a rather specific type of 
fucose expression in human endothelial cells (HOLTHOFER et al. 1982). 

Blood Group Antigens 

FEIGL et al. (1976) analysed blood group isoantigens in benign and malignant vascular tumors. 

3.11 Central Nervous System and Pituitary Gland 

PNA (Peanut Agglutinin) 

The main targets of PNA binding in the normal central nervous system and pituitary gland are 
the luminal membrane of the ependymal cells, the brush border of the chorioid plexus after neuramini
dase digestion and a subpopulation of cells in the anterior pituitary gland. Astrocytes are positive 
for PNA, as well (SCHWECHHElMER et al. 1984). MULLER et al. 1980 demonstrated receptors for 
PNA in normal choroid plexus and of plexus papillomas, and draw some implications for the role 
of Thomsen Friedenreich antigen in bacterial and viral infections of the brain. Nerve fibers, perineur
inurn and blood vessels are negative for PNA (ESTRUCH and DAMJANOV 1986). Granular cells and 
granular cell tumors are strongly positive for PNA (SCHWECHHEIMER et al. 1983). 

UEA (Ulex Europaeus Agglutinin) 

UEA binding sites were only found in vascular endothelial cells and in some cells of the pituitary 
gland (SCHWECHHElMER et al. 1984). Nerve fibers and perineurinum are negative (ESTRUCH and DAM
JANOV 1986). 

Blood Group Antigens 

JELLINGER and DENK (1974) analysed blood group isoantigens in angioblastic meningiomas and 
haemangioblastomas of the central nervous system. They found that the prominent cell type in 
haemangioblastomas is the endothelial cell. 

3.12 Other Tissues 

Lectin-binding sites have been analysed in melanin-producing cells by UNO et al. (1985). Melanoma 
cells, dermal melanocytes, epidermal melanocytes, and pigmented nevus cells were studied on the 
electron microscopical level by use of horseradish peroxidase coupled lectins (PNA, WGA, RCA, 
CON A). Melanoma cells had a higher number of WGA binding sites and a lower number of PNA 
binding sites (UNO et al. 1985). 

In ameloblastomas (VEDTOFTE and DABELSTEEN 1981), cell membrane bound WGA receptors 
were shown in the epithelial cells. The distribution of RCA 1 and SBA receptors was related to 
the morphology of peripheral cells in ameloblastomas. 

SOBRINHO-SIMOES and DAMJANOV (1986) present data on the lectin binding of papillary and 
follicular carcinoma of the thyroid gland. PNA receptors are not found in normal thyroid tissue 
(follicular cells, colloid, stroma). Only one poorly differentiated carcinoma and one papillary carcino
ma were positive for this lectin (SOBRINHo-SIMOES and DAMJANOV 1986). WGA reacted strongly 
with follicular cells, colloid and stroma. Receptors for this lectin were positive in all thyroid carcino
mas (SOBRINHO-SIMOES and DAMJANOV 1986). UEA only reacted with blood vessels in normal and 
neoplastic thyroid cancers (SOBRINHo-SIMOES and DAMJANOV 1986). 

HPA receptors were found in stromal blood vessels of tissue from blood group A donor patients. 
HPA receptors were localized in all 7 papillary carcinomas of the study (SOBRINHO-SIMOES and 
DAMiANOV 1986). Benign adenomatous lesions and follicular carcinomas were negative for this recep
tor. DBA reacted with stroma of normal thyroid tissue. Only one poorly differentiated follicular 
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carcinoma was positive (SOBRINHO-SIMOES and DAMIANOV 1986). RCA I and II receptors are found 
in follicular cells and colloid to a varying degree. They are regularly present in the stroma. RCA I 
and II receptors were detected in benign adenomatous lesions, as well as in follicular and papillary 
carcinomas (SOBRINHO-SIMOES and DAMIANOV 1986). Succinyl Con A binding sites were demonstrated 
in follicular cells, colloid and stroma. They are present in all carcinomas (SOBRINHO-SIMOES and 
DAMJANOV 1986). 

4 Discussion 

Carbohydrate residues of membrane glycoproteins and glycolipids have a major 
influence on the chemical and physical properties of the cell membrane and 
can serve to regulate cell metabolism, membrane transport, growth and various 
functional activities of the cell. Surface carbohydrates are known to be involved 
in cell recognition, cell interaction and serve as receptor sites for a wide variety 
of substances (KOTTGEN et al. 1979; HAKOMORI 1984; BAENZINGER 1986). The 
type and the spatial orientation of these carbohydrates are variable and form 
branching chains on the external surface of the cell. 

The use of the multifaceted properties of lectins has led to their application 
in the investigation of various cellular phenomena. The primary event in these 
applications involves the interaction of the lectin with specific carbohydrates 
residues on the surface of the cell membrane. Lectins coupled to fluorescent 
tags, ferritin and radio tracers have been used to study the nature, number, 
and distribution of sugars on cells and tissues (UHLENBRUCK 1971; NICOLSON 
1974; SHARON and LIS 1975; SCHREVEL et al. 1981; SCHAUER 1982a, b; YOGEES
WARAN 1983; LEATHEM et al. 1983; LIS and SHARON 1986). A large number 
of biologically important glycoproteins (e.g. membrane components, plasma 
components, enzymes and antigens) have been isolated by means of immobilized 
lectin columns. An effective use of lectins has been the development of tech
niques for the fractionation of animal cells. Lectins have been employed as 
carriers for the delivery of chemotherapeutic agents. 

The distribution of lectin-binding carbohydrates is highly ordered in benign 
tissues and the disorganization of the carbohydrates in neoplasms may be ex
ploited for diagnostic and therapeutic purposes. From morphological studies 
of the application of lectins, the following general observations can be made: 

1. During neoplastic dedifferentiation there is a change of membrane sugars. 
2. There are some lectins which are associated with malignant differentiation (PNA). 
3. In tumors, there is often a loss of "higher" blood group substances, when these substances belong 

to the normal .. background" of the patient. 

A good example for the type of changes occurring in tumours is given 
by a model of PNA related change (Table 4). 

The T antigen is believed to be the precursor carbohydrate of a variety 
of glycoproteins and glycolipids, including M and N blood group determinants. 
Being normally masked by N-acetylneuraminic (sialic) acid residues, this anti
gen is only accessible for binding to PNA after neuraminidase digestion. It 
has been postulated that T antigen expression in malignancy is a result of 
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accelerated degradation or incomplete synthesis of normal cell surface glycopro
teins (SPRINGER et al. 1975; see Table 4). Different patterns of distribution are 
found by PNA affinity histochemistry: granular globular pattern, vacuolar pat
tern, diffuse pattern (BaCKER et al. 1985). The data show that the lectin binding 
sites are the expression of functional differentiation. Obviously, the disaccharid 
Gal-Gal-Nac which is detected by the peanut agglutinin is not bound to 
the same protein components as in erythrocytes (HAMPER et al. 1984; BaCKER 
et al. 1985). The expression of PNA receptors is correlated with the appearance 
of estrogen receptors in mammary carcinomas (BaCKER et al. 1984; KLEIN and 
WiiRz 1985; TOTOVIC et al. 1985). 

PNA receptors are found in various types of salivary tumors. It seems to 
be expressed more intensely in malignant salivary gland tumors (e.g. carcinomas 
in pleomorphic adenomas) than in the benign counterparts (CASELITZ 1987). 
The expression of PNA receptors alone cannot be taken as a sign of malignancy, 
but as a marker displaying a certain tendence of differentiation. The PNA
receptor specific disaccharide is not bound to the same protein component 
as in erythrocytes (HAMPER et al. 1984). 

The presence of PNA receptors in colonic epithelium has been identified 
bound to the Golgi apparatus in normal cells (SATO and SPICER 1982a, b; 
COOPER 1984). Taking the normal route of glycoprotein synthesis, the supra
nuclear distribution corresponds to the detection of PNA of nascent oligosac
charides prior to the addition of terminal neuraminic acid (COOPER 1984). This 
orderly arrangement is distributed during neoplastic development (COOPER 
1984). 50% of the adenocarcinomas are positive for PNA (COGGI et al. 1983). 
Other authors found a labelling of mucin in all carcinomas of the large bowel. 
The divergence of the results may be due to technical reasons (fixation, embed
ding procedure, different types of affinity histochemistry). 

In urothelial carcinomas, the presence of TF antigen is generally detected 
in the low differentiated tumors (COON et al. 1982). Interestingly, there are neo
plasms with direct (without digestion) PNA receptors, neoplasms with cryptic 
PNA receptors and those without any PNA receptors. The worst prognosis 
was found in those carcinomas which were directly positive for Thomsen Frie
denreich receptors and the cryptic Thomsen Friedenreich negative tumors. 

In lymphoid tissue, PNA receptors have been found in activated T cells 
(CHERVENAK and COHEN 1982), follicular center cells (STRAUCHEN 1985), in B 
cells and in histiocytes (REE et al. 1983). MOLLER (1982) claimed that Hodgkin 
cells are positive for PNA. Thus, PNA may be used in identifying several cell 
types in a given tissue. SCHWECHHEIMER et al. (1983) showed that this lectin 
was positive for granular cells. In this context, it can be used as an histochemical 
marker. 

A lectin which is valuable in differential diagnosis is the UEA lectin. Many 
authors (HOL mOFER et al. 1982; BORISCH et al. 1983; MIETTINEN et al. 1983; 
MOLLER and LENNERT 1984) have shown that this fucose specific lectin binds 
to endothelial cells under normal and neoplastic conditions. It may be used 
to analyse the normal architecture in different tissues (e.g. MOLLER and LENNERT 
1984), and to identify the vascular nature of some tumors (ANGERVALL et al. 
1985; BENDELAC et al. 1985). 
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The AB isoantigens, in addition to their presence on erythrocytes and in 
secretions of certain individuals, are expressed by a variety of body tissues. 
AB isoantigens are demonstrable on the cell surface of epithelial cells of the 
skin, oral cavity, bronchopulmonary tract, gastrointestinal tract, genitouronary 
tract, and vascular endothelium. The expression of AB isoantigens by epithelial 
lining type cells and general absence of these antigens in mesenchymal cells 
may imply that these antigens are related to epithelial differentiation. In strati
fied epithelia, AB isoantigen expression is absent from the least differentiated 
cell type, namely the basal layer. AB antigens become present in the more 
differentiated superficial layers. This gives support to the idea that AB isoantigen 
expression is a marker of differentiated epithelial cell function. 

The disappearance of AB isoantigens in malignant epithelial tumours has 
been demonstrated for carcinomas of the lung, the gastrointestinal tract, blad
der, cervix uteri, and prostate. The loss of blood group A and B determinants 
has been documented in a large variety of human tumours. 

On the basis of large studies HAKOMORI (1984, 1986) found the following 
changes: 
1. Tumor tissues delete A and B determinants due to blocked activity of A 

and B transferases. 
2. The type 2 chain is fucosylated by enhanced transferases and accumulates 

Le x (or X) hapten in some tumors. 
3. The type 1 chain is fucosylated by enhanced transferases, Le a and Le b 

hapten being accumulated regardless of the Lewis status of the host (HAKO
MORI1984). 
Many monoclonal antibodies with a distinctive reactivity towards human 

lung, gastric and colonic cancer and towards leukaemias, are identified as being 
directed against Le x structure (HAKOMORI and KANNAGI 1983). Le x structure 
is present in many normal human tissues (gastrointestinal epithelial cells of 
kidney tubules) and its accumulation in human neoplasms (e.g. colonic cancer) 
is noteworthy (FUKUSHI et al. 1984; HAKOMORI et al. 1983). 

Some monoclonal antibodies reacting with tumour cells were specific for 
Le b or sialosyl Le a (KOPROWSKI et al. 1979, 1981). Accumulation of both Le 
a and Le b antigens in human adenocarcinoma may be the basis for an associa
tion of sialosyl Le a or Le b. 

Blocked synthesis of ABH antigens may go together with the accumulation 
of precursor carbohydrates type 1 or type 2 chain (HAKOMORI 1984). A-like 
antigens may be expressed in tumours of 0 or B blood group. Other antigens 
playing a role in human tumours are P-like and Pi-like antigens, P K antigen 
in Burkitt's lymphoma and the Forssman and related antigens (HAKOMORI 1984). 

The following conclusions may be drawn from the studies with human blood 
groups in tumours (HAKOMORI 1984). 

1. Human blood group ABH determinants in erythrocytes are carried by unbranched and 
branched type 2 chains. Fetal and newborn erythrocytes contain mainly unbranched type 2 chain 
and adult erythrocytes contained branched type 2 chain. 

2. In the majority of human carcinomas, blood group ABH determinants are lost due to incom
plete synthesis, consequently the precursor substances increase, either type 1 chain (Le c type) or 
type 2 chain (Ii type). 
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3. Various types of human adenocarcinoma (lung, gastric, colonic, liver, pancreatic) accumulate 
a large quantity offucolipids with Le a, X (Le x) and their sialylated derivatives. Various monoclonal 
antibodies have been identified as being directed to these structures. 

4. Some tumours derived form gastrointestinal tissue of blood group 0 or B individuals present 
a neosynthesis of the incompatible A-like antigen, different from the Forssman antigen. P-like struc
tures may playa special role in individual cases (HAKOMORI 1984). 
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Neuroendocrine tumors arise from organs known to secrete neuroendocrine 
messengers, e.g. hormones or substances with paracrine activity, and/or to con
tain cells displaying neuroendocrine characteristics or activity. The term "neuro
endocrine" is used here to define the secretory products of the cells and tumors 
rather than their nature and embryological derivation (see SOL CIA et al. 1984). 
Although individual tumor types do not occur frequently, neuroendocrine tu
mors as a group are common. 

There are several markers characteristic of neuroendocrine cells, some of 
which have been used for tumor typing (see below). One group of markers 
occurs independently of production of regulatory peptides by normal or tumor
ous neuroendocrine cells. This group of broad-spectrum markers (Sect. 1.3) in
cludes 1) the presence of voltage-dependent Na + and/or Ca + + channels in 
the cell membrane, 2) receptors for specific ligands, e.g. nerve growth factor, 
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3) cytoskeletal proteins, e.g. intermediate filaments, neurofilaments (Sect. 1.3.2), 
4) neuron-specific enolase (Sect. 1.3.3), 5) granule matrix constituents, e.g. chro
mogranins and Leu-7 (Sects. 1.3.4 and 1.3.5), 6) granule membrane constituents, 
e.g. cytochrome B 561 or synaptophysin (Sect. 1.3.5), and 7) amine biosynthetic 
enzymes. 

The second group of markers represents specific markers, including regulato
ry peptides (Sect. 1.4). 

1.2 Role of Tumor Markers in the Diagnosis 
and Differential Diagnosis 

The purpose of the use of tumor markers depends on the investigated tumor 
types. In general, the following questions can often be answered, at least par
tially: 
- localization of the tumor, 
- precise functional diagnosis, 
- differential diagnosis, 
- grade of differentiation, 
- assessment of biological behavior, 
- effects of therapy, 
- morphologico-functional correlations. 

Conventional histology using tinctorial stains is still a prerequisite for the 
diagnosis of tumors. However, it is not possible to reach a precise, functionally 
significant diagnosis of neuroendocrine tumors using conventional histology. 
These tumors often cause characteristic symptoms, or well defined syndromes 
caused by inappropriate hormone secretion. The concentration in the patient's 
serum of many secretory products can be determined. It is necessary that the 
pathologist provide a specific and functionally significant diagnosis and deter
mine the morphological-functional correlations. The final evidence for the pro
duction and secretion of a substance can be provided only by the combined 
effort of the clinician, the biochemist, and the morphologist. 

In order to define posttranslational products or to localize mRNA at the 
cellular and/or subcellular levels, the morphologist must use immunocytochemi
cal methods or in-situ hybridization techniques. The use of these techniques 
is of particular interest in the differentiation of metastases of neuroendocrine 
tumors. Some types of tumors, e.g., pancreatic endocrine tumors, endocrine 
tumors of the gastrointestinal tract (carcinoids) are of low grade malignancy, 
and can be treated, using drugs with a specific action directed against specific 
types of tumor cells. The precise definition of a metastasis and/or the localization 
of the primary is therefore important for the patient. 

1.3 Broad-Spectrum Markers (see Fig. 12) 

1.3 .1 Significance 

The importance of broad-spectrum markers is to provide the pathologist with 
a clue to the neuroendocrine differentiation of a tumor, if conventional histology 
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does not reveal it. In addition, these markers are independent of hormone pro
duction by tumor cells, e.g. they are valuable in the diagnosis of tumors produc
ing messengers, as well as in the diagnosis of inactive or poorly differentiated 
tumors. 

1.3.2 Cytokeratins 

With a few exceptions, cells of neuroendocrine tumors contain cytokeratins, in particular cytokeratins 
8 and 18 (HOEFLER et al. 1986). Using a monoclonal antibody directed against an epitope 'of a 
sequence common to all presently known cytokeratins (FRANKE et al. 1987), and reacting with the 
cytoskeleton of all epithelial and mesothelial cells (monoclonal antibody lu-5; VON OVERBECK et al. 
1985), virtually all cells of neuroendocrine tumors yield a reaction. The reaction pattern may be 
pancytoplasmic, "dot-like" paranuclear, or cell membrane-associated (Fig. 1 a, 2a, 5a). Exceptions, 
e.g. tumor cells not containing cytokeratins, are cells of tumors of the adrenal medulla and paragang
liomas, steroid-hormone-producing twnors of the adrenal cortex, testis, and ovary, and melanocytes. 
An immunocytochemical reaction for cytokeratins used as the first step in a diagnostic algorithm 
(Fig. 12) may therefore give an important clue to the differential diagnosis of neuroendocrine tumors. 

1.3.3 Neuron-Specific Enolase 

The soluble, cytoplasmic metallo-enzyme enolase (E.C. 4.2.1.11) catalyzes the interconversion of 
2-phospho-D-glycerate and phosphoenolpyruvate (PEP) in the glycolytic pathway, and is present 
in every cell. Enolase is a dimer with a molecular weight of 87,000 daltons. The following dimers 
occur in various cell types: dimer alpha-alpha in the hepatocyte and other non-neural tissues, dimer 
beta-beta in muscle cells, and dimer gamma-gamma in neurones and neuroendocrine cells ("neuron
specific enolase "). A heterodimer alpha-gamma has also been found to occur in neurons and neuroen
docrine cells (SCHMECHEL et al. 1978a, b, 1980). 

The occurrence of various dimers in a given cell is not mutually exclusive, but there is a markedly 
higher concentration of enolase gamma-gamma than of other dimers in neurons and neuroendocrine 
cells. The term" neuron-specific enolase" is therefore too restrictive because this dimer is not restricted 
to neuroendocrine cells. Nevertheless, using antisera of high specificity for dimer gamma-gamma, 
it is possible to localize it at the light and electron microscopic level in the cytoplasm of neurons 
and neuroendocrine cells (Fig. 1 b, 2b), but only to a very limited extent in non-neuroendocrine 
cells. This reaction has been used extensively and successfully in morphological analysis (TAPIA 
et al. 1981; DHILWN et al. 1982; OSKAM et al. 1985; IWASE et al. 1986; OSBORN et al. 1986), and 
as a serum marker of neuroendocrine tumors (CARNEY et al. 1982; PRINZ and MARANGOS 1982; 
ZELTZER et al. 1983). 

In our experience, neuron-specific enolase is a useful marker for neuroendo
crine tumors in the second step of a diagnostic flow-chart (Fig. 12), provided 
that the tissue was rapidly and thoroughly fixed. A non-specific reaction often 
occurs in necrotic or autolytic areas. It is rare that all cells of a given tumor 
display a clear-cut reaction. There is no detectable reaction for neuron-specific 
enolase in tumors of the parathyroid glands, tumors of the thyroid with follicular 
differentiation, and in tumors producing steroid hormones. 

1.3.4 Chromogranins 

Chromogranins are a group of acidic monomeric proteins of various sizes, which form a major 
part of the soluble proteins in the secretory granules of the adrenal medulla (WILSON and LWYD 
1984). The largest of the polypeptides is chromogranin A (MW 68,000 daltons), which makes up 
approx. 40 to 50% of the total soluble granule proteins of the adrenal medulla. A monoclonal 
antibody to hwnan chromogranin A has been shown to react with normal (endocrine) cells and 
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Fig. la, b. Merkel cell tumor (neuroendocrine carcinoma of the skin). Avidin-biotin complex tech
nique, differential interference contrast optics. a "Dot-like" reaction for cytokeratins in many tumor 
cells. Monoclonal antibody to a panepithelial antigen, x 1000. b Neuron-specific enolase in the 
cytoplasm of the majority of tumor cells, x 200 
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Fig. 2a, b. Malignant vipoma of the pancreas. Avidin-biotin complex technique. a Diffuse cytoplasmic 
reaction for cytokeratins in virtually all tumor cells, x 100. b Neuron-specific enolase present in 
the cytoplasm of almost all tumor cells, x 100 
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Fig. 3. Malignant insulinoma of the pancreas. Strong reaction for chromogranin A in a large number 
of tumor cells. Avidin-biotin complex technique, x 400, differential interference contrast optics 

tumors arising in the adrenal medulla, endocrine pancreas (Fig. 3), parathyroid glands, anterior 
pituitary gland, the thyroid (C-cells), and medullary carcinomas. In addition, a focal staining has 
been observed in Merkel cell tumors, neuroblastoma, and small-cell carcinoma of the lung. The 
antibody did not react with melanomas, naevi, the posterior pituitary gland, and neurones (LWYD 
and WILSON 1983; EHRHART et al. 1986). Chromogranin A could be localized in cytoplasmic secretory 
granules of paragangliomas by immunoelectron microscopy (WILSON and LLOYD 1984). In addition, 
chromogranin A was shown to be secreted by the aforementioned tumors. The measurement of 
plasma chromogranin A may therefore be a useful diagnostic procedure in patients presumed to 
be suffering from neuroendocrine tumors (O'CONNOR and DEFTOS 1986). Recently, the sequence 
of bovine chromogranin A has been described, using its complementary DNA. In addition, the 
presence of the mRNA of prechromogranin A in adrenal medulla, brain, anterior pituitary and 
parathyroid glands has been demonstrated. It is conceivable that chromogranin A is a precursor 
for smaller peptides or that it may be important in the binding process of intragranular calcium 
(IACANGEW et al. 1986). 

In our experience, using the aforementioned monoclonal antibody the specif
ic reaction for chromogranin A is a useful adjunct in the diagnosis of neuroendo
crine tumors, yielding good results on formaldehyde-fixed and paraffin-embed
ded tissue. A large number, but not all, cells react in the tumors mentioned 
above. However, we found the following exceptions: 1) We were unable to 
obtain a reaction of chromogranin A in small cell carcinoma of the bronchus, 
and 2) in our series the reaction was not reliable in endocrine tumors of the 
gastrointestinal tract (carcinoids), and it was often negative in carcinoids of 
the colon and rectum. In contrast to tumors a large number of cells were regu-
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larly visualized in the epithelium of the entire gastrointestinal tract. In contrast 
to neuron-specific enolase, the reaction for chromogranin A is useful to differen
tiate me1anocytic tumors from other neuroendocrine neoplasms. It can be used 
as a second-step marker (Fig. 12). 

1.3.5 Other Broad-Spectrum Markers 

A new monoclonal antibody (phe-5) has recently been commercialized. It can be used on formalde
hyde-fixed paraffin-embedded tissue. In our test series, the reactions were almost identical to the 
antibody directed against chromogranin A. A reaction was obtained in some carcinoids of the colon, 
but there was no reaction in small cell carcinomas of the lung. At present, no literature concerning 
this antibody and the recognized antigen is yet available. 

One potentially useful marker for neuroendocrine cells is synaptophysin. 
Synaptophysin is a specific component isolated from the membranes of presyn
aptic vesicles of bovine neurons. It is a glycosylated polypeptide (MW 38,000 
daltons), and it has been reported to be visualized regularly in almost all neurons 
and in a majority of neuroendocrine tumors. A prerequisite for its demonstration 
is good preservation of conventionally fixed and paraffin-embedded tissue or 
incubation offreshly frozen tissue (GOULD et al. 1986; WIEDENMANN et al. 1986; 
GOULD et al. 1987). 

Recently, it has been reported that anti-lymphocyte antibody Leu-7 (HNK), directed against 
an epitope present on the cell surface of natural killer (NK) lymphocytes, and with myelin-associated 
glycoprotein (MAG), yields an intense reaction with normal and neoplastic adrenal medullary cells. 
Immunocytochemical studies and immunoblot analyses showed that this antibody apparently reacts 
with the carbohydrate moiety of a protein (molecular weight 75,000 daltons) localized in the matrix 
of chromaffin granules. The antibody was shown to react with a small percentage of normal pancreatic 
islet cells, cells of the anterior pituitary, and endocrine cells of the gastrointestinal tract. We found 
a reaction in tumor cells of formaldehyde-fixed, paraffin-embedded tissue of medullary thyroid carci
nomas, pheochromocytomas, paragangliomas, endocrine pancreatic tumors, and carcinoids of the 
stomach, duodenum, ileum, and rectum. No reaction was obtained in carcinoids of the colon. It 
was suggested that Leu-7 immunoreactivity might be a marker of specific subsets of secretory granules. 
It is also important to realize that antibody Leu-7 reacts with the surface of cells of small-cell 
carcinoma of the lung (TISCHLER et al. 1986). • 

1.4 Specific Markers (see Fig. 12) 

Peptides, glycoproteins, biogenic amines, catecholamines, and, to a limited ex
tent, steroid hormones may be used as markers in a second or third step of 
an algorithm designed for the precise typing of neuroendocrine tumors. The 
immunocytochemical localization of secretory products of neurons and of endo
crine cells producing peptides, proteins, glycoproteins and/or amines, and of 
chromogranins is based on the fact that the intracellular pathway of these sub
stances is regulated as well as polarized. In a steady state of the cell metabolism, 
a post-Golgi pool of secretory products, precursors thereof, and substances 
contained in the matrix of secretory granules exists. The secretory products 
can be stored for several hours in granules (KELLY 1985; LAUFFER et al. 1985; 
WICKNER and LODISH 1985). In this post-Golgi compartment, a high concentra
tion of secretory products and other substances contained in the granular matrix 
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is present. The granules can be analyzed morphologically by electron microsco
py. Secretory products as well as other substances in the granular matrix can 
be identified and localized at light and electron microscopic levels by immuno
logical reactions. 

The extensive use of these markers has provided the cell biologist and the 
pathologist with new insights into the process of hormone biosynthesis and 
the secretion and the regulation thereof, and into the phenotypic heterogeneity 
of tumor cells. 

2 Tumors of the Pituitary Gland 

Tumors of the adenohypophysis leading to symptoms account for 6-10% of 
all intracranial neoplasms; microadenomas can be detected in 8-22.5% of all 
autopsied patients. Their prevalence increases with age. By using tinctorial stains 
(HE and PAS-orange G stains) the following variants of pituitary tumors can 
be differentiated: acidophil, mucoid, chromophobe, and oncocytic tumors 
(SAEGER 1981 ; for the complete classification of the W orId Health Organization 
see WILLIAMS et al. 1980). By far the most frequent tumors are chromophobe 
adenomas, followed by acidophil and mucoid tumors. The delimitation of these 
tumors from the adjacent pituitary parenchyma is often difficult because a tumor 
capsule is most often lacking. In addition, it is unfortunately impossible to 
correlate reliably the properties of tumor cells based on tinctorial stains, with 
the production of hormones (Fig. 4a and b). 

The precise diagnosis of tumors of the pituitary gland was based for a 
long time on electron microscopy (LANDOLT 1975; EZRIN et al. 1982; KOVACS 
and HORVATH 1986). At present, the diagnosis is most often made by using 
immunocytochemistry, which is more reliable and faster than electron microsco
py (HEITZ and OBERHOLZER 1984). Electron microscopy and immunoelectron 
microsco"y are important tools for research. 

The purpose of localizing hormonal tumor markers in the pituitary gland 
is to provide a precise diagnosis, to establish morpho10gico-functiona1 correla
tions, and to observe the effects of therapy. Assessment of the biological behav
iour of pituitary tumors can still be based on conventional histological observa
tion because metastasizing carcinomas are extremely uncommon, and the inva
sion of bony structures surrounding the sella can be readily seen at conventional 
histology. The localization of the tumor is possible using tinctorial stains because 
the alveolar structure is in general much coarser or may be lacking in the 
tumor, in contrast to the adjacent pituitary parenchyma. 

The most important immunocytochemical reactions are those for prolactin, 
growth hormone (Fig. 4 b), and corticotropin. In addition, it is very useful to 
localize the alpha-chain, which is virtually identical in all glycoprotein hormones 
(LANDOLT and HEITZ 1986), the hormone specific beta-chains offollicle stimulat
ing hormone (FSH), luteinizing hormone (LH), and thyrotropin (TSH). 

The ratio of chromophobe tumors is 39.1-79.5%, of acidophil tumors 
15-59%, and of mucoid tumors 0-19% based on conventional histology (BAKAY 
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Fig. 4a, b. Pituitary adenoma causing acromegaly. Differential interference contrast optics. a Absence 
of staining: chromophobe adenoma, PAS-orange G, x 200. b Presence of growth hormone in the 
cytoplasm of many tumor cells: growth hormone secreting adenoma. Avidin-biotin complex tech
nique, x 400 
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Table 1. Type of tumors of the pituitary gland 

Prolactinomas 
Growth hormone-producing adenomas 
Corticotropin-producing adenomas 
FSH-producing adenomas 
LH-producing adenomas 
TSH-producing adenomas 
"Alpha-only" adenomas 
Multihormonal adenomas 
Adenomas without detectable secretory products 

194 
93 
26 
3 
5 
4 

13 
13 
30 

381 
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51 % 
24.1% 
7 % 
0.8% 
1.3% 
1 % 
3.4% 
3.4% 
8 0/0 

100 % 

FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone 

Table 2. Alpha-subunit of glycoprotein hormones in 92 pituitary 
adenomas 

Alpha-only 
GH and alpha 
PRL and alpha 
ACTH and alpha 
GH and PRL and alpha 
Beta-subunits of FSH, LH, and alpha 
Beta-subunits and GH, and alpha 

13 
6 
1 
1 

10 
12 

3 

46 

GH, growth hormone; PRL, prolactin; ACTH, corticotropin; 
FSH, follicle-stimulating hormone; LH, luteinizing hormone 

1950; GIROD et al. 1980; SAEGER 1981). The systematic use ofimmunocytochem
istry has led to a considerably more precise diagnosis (Table 1). 

The progress in comparison with conventional histology is obvious because 
in only 8% of the tumors no secretory product was identified. This progress 
allowed the establishment of a modem, functionally-oriented classification of 
pituitary tumors (Table 1). It is striking that the prolactinoma is by far the 
most common tumor of the pituitary, followed by growth hormone and cortico
tropin producing adenomas. FSH-, LH- and TSH-producing adenomas are rare. 
One of the important findings was the common occurrence of phenotypically 
heterogeneous tumors producing two or more hormones, most often prolactin 
combined with growth hormone (HEITZ 1979). Another striking result was a 
combined production of growth hormone and of the alpha-chain (common 
to the pituitary glycoprotein hormones and human chorionic gonadotropin; 
Table 2). An additional finding was the occurrence of" alpha-only adenomas", 
which was found by radioimmunoassay of the patient's sera (MACFARLANE 
et al. 1980; RIDGWAY et al. 1981; KLIBANSKY et al. 1983), and by immunocyto
chemistry (LANDOLT and HEITZ 1986). These tumors do not cause hormonally
induced symptoms. 
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The results obtained with immunocytochemical techniques on tumor tissue 
correlate well with clinical and biochemical findings. In addition, the immunocy
tochemical localization of hormones can be correlated with the localization 
of receptors for hypothalamic hormones on tumor cells, which opens new ave
nues for future research (REUBI et al. 1987). 

3 Tumors of the Thyroid Gland 

Diagnosis and treatment of tumors of the thyroid gland are good examples 
of the use of functional criteria in oncology, e.g. determination of iodine-trap
ping by tumor tissue, or of the production of thyroglobulin. The two most 
important problems in the diagnosis of these tumors are 1) the assessment 
of the biological behaviour of highly differentiated follicular adenomas and 
carcinomas respectively, and 2) the classification of poorly differentiated tumors. 
At present, the first problem can be solved only by a very precise and thorough 
histological inspection of the tumor, carefully excluding or confirming penetra
tion and perforation of the tumor capsule, and the invasion of blood vessels. 
Immunocytochemistry and electron microscopy are of no help in solving this 
problem. 

Significant progress has been made in the differentiation of poorly differen
tiated tumors. Information on the cellular characteristics of these tumors is 
essential because therapy and prognosis of the various tumor types are very 
different (MEISSNER 1984). Tumor cells with epithelial differentiation can be 
defined by immunocytochemical localization of cytokeratins. There is a coex
pression of cytokeratins and vimentin in approx. 50% of follicular, and in 
virtually all papillary carcinomas (SCHROEDER 1986). The analysis of large series 
of poorly differentiated tumors has yielded the following information: 1) The 
presence of cytokeratins (Fig. 5a), often combined with vimentin (Fig. 5b) can 
be observed in most anaplastic carcinomas (CARCANGIU et al. 1985; HEITZ 1986). 
2) "Undifferentiated carcinomas" of the small cell type according to the WHO 
classification (HEDINGER and SOBIN 1974) are often malignant non-Hodgkin 
lymphomas (TOBLER et al. 1984; ANSCOMBE and WRIGHT 1985; RALFKIAER et al. 
1985). They are most often negative for cytokeratins, but give reactions for 
various markers of lymphocytes. 3) Tumors with characteristics of malignant 
hemangioendotheliomas are uncommon but they apparently exist (EGLOFF 1983; 
PFALTZ et al. 1983; RUCHTI et al. 1984). Their reaction pattern can be summa
rized as follows: factor VIII-related antigen positive, Ulex europaeus agglutinin 
1 positive, cytokeratins negative. 4) The histological aspect of medullary carcino
mas can be solid and poorly differentiated. These carcinomas may be identified 
by a positive reaction for calcitonin, calcitonin-gene-related peptide and carcino
embryonic antigen. 

The differential diagnosis of tumors with follicular or C-cell differentiation 
is most often possible by visualizing markers such as triiodothyronin (T3), thyr
oxin (T4), and thyroglobulin (Fig. 6) in tumors with follicular differentiation. 
Calcitonin, neuron-specific enolase, chromogranin A, and carcinoembryonic anti-
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Fig. 5a, b. Undifferentiated (anaplastic) carcinoma of the thyroid. Avidin-biotin complex technique. 
a Presence of cytokeratins in the cytoplasm of many tumor cells, x 500. b Co-expression of vimentin 
with cytokeratin, x 500 
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4 Tumors of the Parathyroid Gland 

Conventional histology of an adenoma or a hyperplasia of the parathyroid 
glands provides the most important clues to the diagnosis (AKERSTROEM 1980; 
ALTENAEHR 1981). It is possible to localize parathyroid hormone by immunocy
tochemical techniques (DmTEL et al. 1980). In addition, adenomas of the para
thyroid glands have been reported to contain chromogranin A. The localization 
of these markers is rarely necessary for the diagnosis of these tumors, but 
they have played an important role in the research into the pathways of intracel
lular transport of hormones. 

5 Endocrine Tumors of the Pancreas 

The classification of pancreatic endocrine tumors has been revolutionized by 
the systematic use of radioimmunoassay for measuring hormones in the patient's 
plasma, and by electron microscopy and immunocytochemistry for visualizing 
the site of hormone production in the cells. Prior to the use of these techniques 
the classification was simple, as only B- and non-B cell tumors could be differen
tiated by conventional histology with special tinctorial stains. No reliable criteri
on for typing cells, or for hormone production or secretion is possible by means 
of histological observation. The growth pattern of a tumor, e.g. trabecular, 
glandular, or solid, cannot be reliably correlated with the various types of tumors 
(HEITZ 1984). 

In our opinion, immunocytochemical and/or electron microscopical analysis 
of these tumors is a must at present for functional classification (HEITZ et al. 
1982). 

Virtually all endocrine tumors of the pancreas contain broad-spectrum 
markers, e.g. cytokeratins, neuron-specific enolase (HEITZ and KLOEPPEL 1984), 
and chromogranins (Fig.2b, 3), and yield positive reactions to the antibody 
Phe-5. By these reactions they can be differentiated reliably from exocrine tu
mors, which sometimes resemble endocrine tumors, e.g. the solid cystic (papil
lary-cystic) tumor (MOROHOSHI et al. 1987). The markers of the second or third 
steps in the diagnostic algorithm are eutopic pancreatic hormones, e.g. insulin, 
glucagon, somatostatin, and pancreatic polypeptide. In addition, hormones" ec
topic" to the adult human pancreas can be visualized, e.g. gastrin, vasoactive 
intestinal polypeptide (VIP), or, if appropriate, corticotropin, calcitonin and 
others. The occurrence of growth hormone-releasing hormone immunoreactivity 
has recently been reported in approx. 25% of pancreatic endocrine tumors, 
even in the absence of associated acromegaly (DAYAL et al. 1986). 

The problem of the definition of the biological behavior in pancreatic endo
crine tumors is particularly difficult to solve. Many authors agree that histologi
cal observation does not allow a prediction of the course of the disease in 
the absence of massive invasion of vessels or of an adjacent organ, which are 
rare findings. The only reliable criterion is metastases in the regional lymph 
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Fig. 6. Papillary thyroid carcinoma producing thyroglobulin. Unlabeled antibody enzyme technique, 
x 500 

gen are typical markers of medullary carcinomas. Recently the production of 
several other peptides by medullary thyroid carcinomas has been reported. These 
findings offer an additional possibility of recognizing tumors with C-cell charac
teristics (KRISCH et al. 1985; SIKRI et al. 1985). Lately, some authors have de
scribed tumors with combined follicular and C-cell differentiation in a limited 
number of tumors (LJUNGBERG et al. 1984). 

An important aid in the diagnosis and therapeutic management of the patient 
is the determination of production of thyroglobulin by thyroid tumors with 
follicular or papillary differentiation. Most authors agree that the majority of 
tumors with histologically recognizable follicular or papillary differentiation 
produce thyroglobulin (92-98%). Production of thyroglobulin can be shown 
by immunocytochemistry on formaldehyde-fixed and paraffin-embedded tissue 
(BOECKER et al. 1980; RYFF-DE LECHE et al. 1986). After total thyroidectomy 
the determination of the serum concentration of thyroglobulin can serve as 
a guide in the search for metastases without carrying out a total body scan. 
Levels of serum thyroglobulin rising above the normal range provide an indica
tion of recurrency or metastases. On the other hand, tumors lacking follicular 
differentiation (solid tumors), and poorly differentiated carcinomas do not pro
duce significant amounts of thyroglobulin. The immunohistochemical findings 
in the tumor tissue correlate well with the findings of serum levels of thyroglobu
lin (RYFF-DE LECHE et al. 1986). 
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Table 3. Pancreatic endocrine tumors 

Tumor 

Insulinoma 
Glucagonoma 
Somatostatinoma 
PP-oma 
Gastrinoma 
VIP-oma 

Non-secreting tumors 

Approx. ratio of all secreting 
pancreatic endocrine tumors 

70-75% 
1% 

rare 
rare 
20-25% 

3-5% 

20-25%" 

" of the total of pancreatic endocrine tumors 
PP, pancreatic polypeptide; VIP, vasoactive intestinal polypeptide 

Biological 
behavior 

90% benign 
50% malignant 
? 
50% benign 
60% malignant 
60% malignant 

50% malignant 
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nodes or the liver. It is therefore of interest that the production, and sometimes 
the secretion, of the alpha-subunit of glycoprotein hormones (and possibly the 
rare production of the beta-subunit of human chorionic gonadotropin) could 
be found in up to 75% of tumors with proven malignancy (KAHN et al. 1977; 
BLACKMAN et al. 1980; OEBERG and WIDE 1981; HEITZ et al. 1983). These find
ings mean that the tumor producing the alpha-subunit should be considered 
malignant, while the absence of alpha by no means proves the benign behavior 
of the tumor. In some patients the course of the illness, and the presence of 
metastases could be monitored by measuring serum levels of pancreatic hor
mones and of the alpha-subunit over several years (KOELZ et al. 1987). 

The present widely accepted classilfication of pancreatic endocrine tumors, 
their prevalence, and their biological behavior are given in Table 3. 

6 Endocrine Tumors (Carcinoids) of the Gastrointestinal Tract 
and Bronchus 

The histological growth pattern of carcinoid tumors is quite uniform. It is there
fore impossible to draw a conclusion concerning the site of the primary by 
analyzing a metastasis by histological observation. In addition, it is often impos
sible to differentiate carcinoids from pancreatic endocrine tumors, and it may 
be difficult to distinguish an atypical carcinoid of the bronchus from a small 
cell carcinoma. Reactions, which visualize markers specific to particular localiza
tions of carcinoids, and which differentiate atypical bronchus carcinoids from 
small-cell carcinomas, are therefore useful. 

Carcinoids consistently react to antibodies directed against "broad-spec
trum" markers, with the exception of chromogranin A and Phe-5 (Sections 
1.3.4, 1.3.5). 

Several series of carcinoid tumors of the gastrointestinal tract have been 
analyzed by immunocytochemistry using antibodies to serotonin and a large 
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Fig. 7. Endocrine tumor of the ileum (carcinoid). Presence of substance P in many tumor cells. 
Unlabeled antibody enzyme method, x 200 

series of pep tides, including tachykinins (ALUMETS et al. 1977, 1980, 1981, 1983; 
YANG et al. 1983; DAYAL and WOLFE 1984; CONLON et al. 1985; MARTENSSON 
et al. 1985; IWAFUCHI et al. 1986; KOMMINOTH 1986; STAMM et al. 1986). The 
most important findings in gastrointestinal carcinoids can be summarized as 
follows: serotonin is the most important marker for the entire group of tumors, 
while tachykinins, especially substance P, occur almost exclusively in endocrine 
tumors of the ileum (Fig. 7). These two markers also allow the differentiation 
of carcinoids · of the gastrointestinal tract from pancreatic endocrine tumors, 
in which they never occur. Gastrin, somatostatin, and pancreatic polypeptide 
can be localized predominantly in carcinoids of the duodenum. The other pep
tides investigated, including neurotensin, motilin, glicentin, peptide YY (T A TE

MOTO et al. 1982), calcitonin, corticotropin, and growth hormone-releasing hor
mone (DAYAL et al. 1986) occur much less frequently, and are not specific for 
any localization of the primary. In addition, the alpha-chain of glycoprotein 
hormones was found in carcinoids of the stomach, duodenum, and rectum, 
but not in tumors of the ileum. This marker is therefore of only limited use 
for the localization of the primary, or for the differentiation of a metastasis 
from a pancreatic endocrine tumor (HEITZ et al. 1987). A striking new finding 
is the occurrence of a substance identical to prostatic acid phosphatase, or 
cross-reacting with antisera and monoclonal antibodies raised against prostatic 
acid phosphatase (SOBIN et al. 1986). We can confirm this finding. It is also 
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important to realize that there is a reaction for protein S-100-beta (VAN ELDIK 
et al. 1986) in the majority of tumors. This reaction is not localized in epithelial 
tumor cells, but in Schwann-cells included in the tumors (HOEFLER and AUBOECK 
1984; KOMMINom 1986). 

The substances localized in bronchial carcinoids, including atypical bronchial 
carcinoids, and in small-cell cancer include some of the broad-spectrum markers 
(Section 1.3). In addition, the alpha-chain of glycoprotein hormones was found 
in 27 out of 55 bronchial carcinoids, but not in small-cell cancer. Serotonin 
and other peptides could be localized less frequently in carcinoids, but not 
in 12 small-cell carcinomas. The immunocytochemical reactions for these sub
stances may therefore be useful for the differentiation of atypical carcinoids 
from small-cell carcinomas (KOMMINOTH 1986). 

7 Tumors of the Adrenal Medulla and the Chemoreceptor System 

The diagnosis of these tumors often relies on histology. Cytokeratins are lacking 
in the tumor cells (VON OVERBECK et al. 1985) while virtually all tumors contain 
significant amounts of neuron-specific enolase (TAPIA et al. 1981; KOMMINOTH 
1986; OSBORN et al. 1986), chromogranin A (WILSON and LLOYD 1984) and 
the neurofilament polypeptide with a molecular weight of 68 kD (OSBORN et al. 
1986). Catecholamines may be visualized by using formaldehyde-induced fluo
rescence (FALCK et al. 1962) or by condensation with glyoxylic acid (DE LA 
TORRE and SURGEON 1976; LINDVALL et al. 1980). These reactions cannot be 
carried out in formaldehyde-fixed and paraffin-embedded tissue. Sometimes the 
production of neuropeptides, e.g. vasoactive intestinal polypeptide, somatostatin 
and others can be demonstrated. 

Protein S-100 can be visualized in satellite, or sustentacular cells (LAURIOLA 
et al. 1985; PELC et al. 1986). This reaction yields sometimes very striking pat
terns (Fig. 8). 

8 Steroid Hormone-Producing Tumors of the Adrenal Cortex, 
the Testis, and the Ovary 

Steroid hormone-producing cells lack broad spectrum markers, such as cytoker
atins, neuron-specific enolase, or chromogranin. It is difficult to localize steroid 
hormones specifically by immunocytochemistry because their intracellular con
centration is low. This is due to the absence of a post-Golgi pool in steroid 
hormone-producing cells. Enzyme deficiencies or the activity of enzymes can 
sometimes be demonstrated by enzyme histochemistry, e.g. 3-beta-OH-steroid
dehydrogenase (Fig. 9). By this means, cells producing steroids or lacking this 
enzyme, e.g. virilizing tumors, can be localized. The diagnosis of this group 
of tumors can in general be made by conventional histology, and electron mi
croscopy is often valuable for a precise diagnosis. 



296 PH.V. HEITZ 

Fig. 8. Lymph node metastasis of a malignant paraganglioma. Localization of protein S-100 in 
satellite, but not in tumor cells. Avidin-biotin complex technique, x 400 

Fig. 9. Virilizing adenoma of the adrenal cortex. Absence of 3-beta OH-steroid dehydrogenase in 
the tumor, presence of reaction product in non-tumorous adrenal cortical cells (right). Enzyme 
histochemical reaction for 3-beta OH-steroid dehydrogenase, x 200, differential interference contrast 
optics 
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9 Melanoma 

The diagnosis of metastases of melanoma is a difficult problem to solve histolog
ically if small amounts of melanin are present, or if pigment is lacking. The 
precise diagnosis can often be made by electron microscopy based on the pres
ence of cytoplastic (pre-)melanosomes. Immunocytochemistry can also be help
ful: Tumorous melanocytes and their normal counterparts fail to react to anti
bodies directed against cytokeratins and chromogranin A, but contain vimentin, 
neuron-specific enolase, and protein 5-100 (LOEFFEL et al. 1985; KOMMINOTH 
1986; VANSTAPEL et al. 1986). Using one or more of these markers, melanocytic 
cells can be identified reliably and differentiated from other tumor cells. The 
reactions for vimentin and 5-100 (Fig. lOa and b) are in general intense and 
present in virtually all tumor cells, while the reaction for neuron-specific enolase 
is often only focally positive and of lesser intensity. CHERESH et al. (1984) have 
reported an alkali-labile O-acetylated product of the neurectoderm-associated 
disialoganglioside GD3 to be expressed specifically by melanoma cells. It will 
perhaps be possible in the near future to diagnose melanocytic lesions specifically 
by using single markers. At present, the electron microscopic diagnosis and/or 
the findings of the aforementioned combination of markers is the most reliable 
way to diagnose melanocytic tumors. 

It is sometimes very difficult to differentiate benign from malignant melano
cytic lesions in the skin. A reliable marker should be found for malignancy 
expressed exclusively by melanocytic tumor cells displaying malignant biological 
behavior. It has been shown that the expression of neuron-specific enolase 
increases progressively from benign to malignant (DHILLON and RODE 1982), 
but this quantitative change has not proved to be a useful criterion in our 
hands, because differences in staining intensity of neuron-specific enolase may 
be caused by a large number of technical factors, not related to the biological 
behavior of the tumor cells. Recently the expression of a high molecular weight 
chondroitin sulphate proteoglycan consisting of a 250 kD core glycoprotein 
and a number of glycosaminoglycan side chains by human malignant, but not 
by normal melanocytes, has been reported (RETTIG et al. 1986). It is therefore 
conceivable that specific markers for malignancy may be used for melanocytic 
lesions. 

10 Merkel Cell Tumors 
(Neuroendocrine Carcinoma of the Skin) 

TOKER described 5 tumors of the skin with a trabecular growth pattern in 
1972, and subsequently TANG and TOKER (1978) reported the ultrastructural 
features of these tumors, including cytoplasmic granules. On the basis of the 
structural resemblance of the tumor cells to cells of the epidermis first described 
by MERKEL (1875) the tumors are now known as Merkel cell tumors (neuroendo
crine carcinomas) of the skin. 

The differentiation of this tumor type from skin metastases of malignant 
non-Hodgkin lymphomas, melanomas, or of other tumors is very important 
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Fig. lOa, b. Malignant melanoma. Avidin-biotin complex technique, differential interference contrast 
optics. a Localization of vimentin in the cytoplasm of the majority of tumor cells, x 1000. b Localiza
tion of protein S-100 in several tumor cells, x 1000 



Neuroendocrine Tumor Markers 299 

in view of its biological behavior of low grade malignancy and, therefore, of 
the therapeutic implications. 

Most authors agree that Merkel cell tumors display characteristics of epithe
lial and neuroendocrine cells. They yield a strong reaction to cytokeratins 8 
and 18, often a dot-like paranuclear reaction is present (Fig. 1 a). By this reac
tion, a metastasis of a malignant lymphoma, of melanoma, and of all types 
of sarcomas can be excluded. In addition, a generally conspicuous reaction 
for neuron-specific enolase (Fig. 1 b) in at least some of the tumor cells, and 
for chromogranin A in the large majority of the tumor cells and neurofilaments, 
permit the differentiation of Merkel cell tumors from all non-neuroendocrine 
neoplasms (GLOOR et al. 1982; WICK et al. 1983; GOULD et al. 1985; BATTIFORA 
and SILVA 1986; KOMMINOTH 1986). Additional characteristics of a Merkel cell 
tumor are the presence of a narrow rim of connective tissue between the dermal 
tumor and the epidermis, and the presence of cytoplasmic granules (diameter 
100 to 200 nm; SILVA and MACKAY 1981; PILOTTI et al. 1982; FRIGERIO et al. 
1983) and bundles of intermediate filaments (thickness approx. 10 nm). In a 
small number of tumors the production and secretion of peptides has been 
reported (GOULD et al. 1980; IWASAKI et al. 1981; DRIJKONINGEN et al. 1986), 
but this is apparently uncommon. In a recent series the absence of an immunocy
tochemical reaction for bombesin, leu-enkephalin, met-enkephalin, and beta
endorphin has been reported (WICK et al. 1985). In one report the presence 
of protein S-100 in Merkel cell tumors has been described (VOIGT et al. 1985). 
This finding is at variance with those of other authors. 

11 Tumors Producing "Ectopic Hormones" 

Rapidly accumulating evidence indicates that many tumors produce a variety 
of substances, including molecules with hormonal or hormone-like biological 
activity. Ectopic hormone production is one particular form of paraneoplasia. 
The term ectopic hormone production refers to production of tumor cells caus
ing remote effects resembling known biological actions of hormones (LIDDLE 
et al. 1969). By definition, ectopic hormones are produced by tumors arising 
in an organ not secreting the substance under normal physiological conditions. 
This definition implies that hormone production by metastases of a tumor aris
ing in an endocrine gland is eutopic rather than ectopic. However, it becomes 
increasingly difficult to apply the given definitions strictly, since new substances 
are currently found to be produced by hitherto unexpected tissues (HEITZ and 
STAUB 1981; HEITZ and OBERHOLZER 1984). The proof of ectopic hormone 
production is difficult. It includes, among other techniques, histology, electron 
microscopy, immunocytochemistry and immunoelectron microscopy (HEITZ 
et al. 1981; HEITZ 1986). It is impossible to correlate morphology as analyzed 
by conventional histology with the production of any hormones by a tumor. 

A large number of symptoms induced by ectopic hormone production have 
been described. The most common tumors associated with ectopic hormone 
production are carcinomas of the bronchus and the pancreas, carcinoids in 
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Fig. 11. Malignant paraganglioma of the mediastinum associated with Cushing's disease: production 
of opiocortins (Iipotropin) in a group of tumor cells. Unlabeled antibody enzyme method, x 100 

various organs, and thymomas. In many organs the tumors are of the so-called 
small-cell type. The substances most frequently secreted by these tumors excert 
effects identical or similar to those of opiocortins (lipotropin-corticotropin-en
dorphin; Fig. 11), vasopressin (antidiuretic hormone), and gastrin. In addition, 
elevated serum concentrations of calcitonin and the alpha-chain of the glycopro
tein hormones can often be found. The hormones can also be localized in the 
tumor by immunocytochemistry. Immunocytochemical evidence for ectopic hor
mone production by tumors is important, because it cannot be provided by 
conventional histology. 

12 Conclusions 

The discovery of tumor markers for neuroendocrine tumor cells has permitted 
far more precise characterizations of many tumors than conventional histology. 
However, a careful histological observation of a given tumor is a prerequisite 
for a rational and precise immunocytochemical analysis. In some cases, electron 
microscopy may be more appropriate than immunocytochemistry for the typing 
of a tumor, or both techniques might be used in combination to solve such 
a problem. In the near future in-situ hybridization techniques visualizing mRNA 
of markers may become an important and sensitive tool in typing tumor cells. 

The definition of marker production is at present feasible for many tumors 
on formaldehyde-fixed and paraffin-embedded tissue. The correlation with clini-
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Fig. 12. Proposed systematic diagnostic flow-chart for neuroendocrine tumors. In general, only se
lected reactions are necessary to reach a final diagnosis. The indicated results of reactions refer 
exclusively to tumor cells. For details see text. First step of the diagnostic algorithm: Reactions 
1 and 2, second step: reactions 3 to 5. 

Key: First-step: 1, cytokeratins; 2, vimentin. Second step: 3, neuron-specific enolase; 4, chromo
granin A; 5, protein S-100. CT, calcitonin; CEA, carcino-embryonic antigen; Tg, thyroglobulin; 
Alpha-chain, alpha subunit of glycoprotein hormones; 5-HT, 5-hydroxytryptamine (serotonin); VIP, 
vasoactive intestinal polypeptide; SP, substance P. ( ): Reactions only in part of the tumors, (( »: 
reactions uncommon 

cal and biochemical findings can often be established. This represents great 
progress over conventional histology. 

The extensive use of immunocytochemistry has revolutionized the morpho
logical classification of some groups of neuroendocrine tumors. In order to 
make a classification useful it must be as simple as possible, and it must be 
meaningful to everybody working in the field. We therefore classify the tumors 
according to the leading clinical symptoms or to the predominantly secreted 
hormone. In addition, the probable biological behavior of the tumor (e.g. benign 
versus malignant), and additional secretory products are mentioned in the diag
nosis. 

It is furthermore important to realize that most tumors are not characterized 
by a single marker specific for the given type of tumor cells, but by a group 
of markers. A precise diagnosis can therefore often be reached by using a diag
nostic flow-chart, using combinations of markers (Fig. 12). One important find
ing made by immunocytochemical observation of tumors was the frequently 
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occurring phenotypic cell heterogeneity of neuroendocrine tumors (and probably 
of many other tumors), exemplified by the simultaneous or asynchronous pro
duction of more than one secretory product by various cells of the same tumor. 
With a few exceptions, reliable markers of malignancy are not known at present. 
The search for this type of tumor marker must be one of the goals of future 
research. 

Acknowledgements. The author acknowledges the expert technical assistance of Mrs. M. KASPER, 
Mrs. E. OBRIST, and the excellent secretarial work of Mrs. C. SroCKLI. 

References 

Akerstrom G (1980) Parenchymal cell mass determination in parathyroid diagnosis. Acta Univ Upsal 
352 

Alteniihr L (1981) Nebenschilddriisen. In: Dorr W, Seifert E, Uehlinger E (eds) Spezielle patholo
gische Anatomie, vol 14, Endokrine Organe. Springer, Berlin Heidelberg New York, pp 415-521 

Alumets J, Hakanson R, Ingemansson S, Sundler F (1977) SP and 5-HT in granules isolated from 
an intestinal argentaffin carcinoid. Histochemistry 52: 217-222 

Alumets J, Falkmer S, Grimelius L, Hakanson R, Ljungberg 0, Sundler F, Wilander E (1980) 
Immunocytochemical demonstration of enkephalin and beta-endorphin in endocrine tumors of 
the rectum. Acta Pathol Microbiol Scand Sect A 88: 103-109 

Alumets J, Aim P, Falkmer S, Hakanson R, Ljungberg 0, Martensson H, Sundler F, Tibblin S 
(1981) Immunohistochemical evidence of peptide hormones in endocrine tumors of the rectum. 
Cancer 48:2409-2415 

Alumets J, Falkmer S, Hakanson R, Martensson H, Nobin A, Lasson A (1983) Neurohormonal 
peptides in endocrine tumors of the pancreas, stomach and upper small intestine: an immunohisto
chemical study of 27 cases. Ultrastruct Path 5: 55-72 

Anscombe AM, Wright DH (1985) Primary malignant lymphoma of the thyroid - a tumor of 
mucosa-associated lymphoid tissue: Review of seventy-six cases. Histopathology 9: 81-97 

Bakay L (1950) The results of 300 pituitary adenoma operations. J Neurosurg 7:204-255 
Battifora H, Silva EG (1986) The use of anti keratin antibodies in the immunohistochemical distinction 

between neuroendocrine (Merkel cell) carcinoma of the skin, lymphoma, and oat cell carcinoma. 
Cancer 58:1040-1046 

Blackman NR, Weintraub BD, Rosen SW, Kourides lA, Steinwascher K, Gail MH (1980) Human 
placental and pituitary glycoprotein hormones and their subunits as tumor markers. A quantita
tive assessment. J Natl Cancer Inst 65:81-93 

Bocker W, Dralle H, Hiisselmann H, Bay V, Brassow M (1980) Immunohistochemical analysis 
of thyroglobulin synthesis in thyroid carcinomas. Virchows Arch A (Pathol Anat) 385: 187-200 

Carcangiu ML, Steeper T, Zampi G, Rosai J (1985) Anaplastic thyroid carcinoma. A study of 
70 cases. Am J Clin Pathol 83: 135-158 

Caruey DN, Ihde DC, Cohen MH, Marangos PJ, Bunn PA Jr, Minna JD, Gazdar AF (1982) 
Serum neuron-specific enolase: A marker for disease extent and response to therapy of small-cell 
lung cancer. Lancet I: 583-585 

Cheresh DA, Reisfeld RA, Varki AP (1984) O-acetylation of disialoganglioside GD3 by human 
melanoma cells creates a unique antigenic determinant. Science 225:844-846 

Conlon JM, Schafer G, Schmidt WE, Lazarus LH, Becker HD, Creutzfeldt W (1985) Chemical 
and immunochemical characterisation of substance P-like immunoreactivity and physalaemin-like 
immunoreactivity in a carcinoid tumor. Regnlatory Peptides 11: 117-132 

Dayal Y, Wolfe HJ (1984) Regulatory substances in clinically nonfunctioning gastrointestinal carci
noids. In: Falkmer S, Hakanson R, Sundler F (eds) Evolution and tumor pathology of the 
neuroendocrine system. Elsevier, Amsterdam New York Oxford, pp 497-517 

Dayal Y, Lin HD, Tallberg K, Reichlin S, DeLellis RA, Wolfe HJ (1986) Immunocytochemical 
demonstration of growth hormone-releasing factor in gastrointestinal and pancreatic endocrine 
tumors. Am J Clin Pathol 85: 13-20 



Neuroendocrine Tumor Markers 303 

De La Torre JC, Surgeon W (1976) A methodological approach to rapid and sensitive monoamine 
histofluorescence using a modified glyoxylic acid technique. The SGP method. Histochemistry 
49:81-93 

Dhillon AP, Rode J (1982) Patterns of staining for neurone specific enolase in benign and malignant 
melanocytic lesions of the skin. Diagnostic Histopathology 5: 169-174 

Dhillon AP, Rode J, Leathem A (1982) Neurone specific enolase: an aid to the diagnosis of melanoma 
and neuroblastoma. Histopathology 6: 81-92 

Dietel M, Dorn-Quint G (1980) By-pass secretion of human parathyroid adenomas. A particular 
intracellular form ofrapid adaptation to external stimuli. Lab'Invest 43: 116-125 

Drijkoningen M, DeWolf-Peeters C, Van Limbergen E, Desmet V (1986) Merkel cell tumor of 
the skin. An immunohistochemical study. Hum PathoI17:301-307 

Egloff B (1983) Hemangioendothelioma of the thyroid. Virchows Arch A (Pathol Anat) 400: 119-142 
Ehrhart M, Grube D, Bader MF, Aunis D, Gratz! M (1987) Chromogranin A in the pancreatic 

islet: Cellular and subcellular distribution. J Histochem Cytochem (to be published) 
Ezrin C, Kovacs K, Horvath E (1982) Pathology of the adenohypophysis. In: Bloodworth JMB 

(ed) Endocrine pathology. General and surgical 2nd edn. Williams & Wilkins, Baltimore London, 
pp 101-132 

Falck B, Hillarp NA, Thieme G, Torp A (1962) Fluorescence of catecholamines and related com
pounds condensed with formaldehyde. J Histochem Cytochem 10: 348-354 

Franke WW, Gudat F, Heitz PU (1987) Reaction of antibody lu-5 with epitopes of cytokeratins. 
Virchows Arch A 411: 137-147 

Frigerio B, Capella C, Eusebi V, Tenti P, Azzopardi JG (1983) Merkel cell carcinoma of the skin: 
the structure and origin of normal Merkel cells. Histopathology 7:229-249 

Girod C, Mazzuca M, Trouillas J, Tramu G, Lheritier M, Beauvillain JC, Claustrat B, Dubois 
MP (1980) Light microscopy, fine structure and immunohistochemistry studies of 278 pituitary 
adenomas. In: Derome JP, Jedynak CP, Peillon F (eds) Pituitary adenomas. Biology, physiopa
thology and treatment. Asclepios, France, pp 3-18 

Gloor F, Heitz PU, Hofmann E, Hofler H, Maurer R (1982) Das neuroendokrine Merkelzellkarzinom 
der Haut. Schweiz Med Wochenschr 112: 141-148 

Gould VE, Dardi LE, Memoli VA, Johannessen JV (1980) Neuroendocrine carcinomas of the skin: 
Light microscopic, ultrastructural, and immunhistochemical analysis. Ultrastruct Pathol 
1:499-509 

Gould VE, Moll R, Moll I, Lee I, Franke WW (1985) Biology of Disease. Neuroendocrine (Merkel) 
cells of the skin: Hyperplasias, dysplasias, and neoplasms. Lab Invest 52: 334-353 

Gould VE, Lee I, Wiedenmann B, Moll R, Chejfec G, Franke WW (1986) Synaptophysin: A novel 
marker for neurons, certain neuroendocrine cells and their neoplasms. Hum Pathol17: 979-983 

Gould VE, Wiedenmann B, Lee I, Schwechheimer K, Dockhorn-Dworniczak B, Radosevich JA, 
Moll R, Franke WW (1987) Synaptophysin expression in neuroendocrine neoplasms as determined 
by immunocytochemistry. Am J PathoI126:243-257 

Hedinger C, Sobin LH (1974) Histological typing of thyroid tumors. International Histological Classi
fication of Tumors. WHO, Geneva 

Heitz PU (1979) Multihormonal pituitary adenomas. Hormone Res 10: 1-13 
Heitz PU (1984) Pancreatic endocrine tumors. In: Kloppel G, Heitz PU (eds) Pancreatic pathology. 

Churchill Livingstone, pp 206-232 
Heitz PU (1986) Hormonale Tumormarker. Verh Dtsch Ges Pathol 70:64-81 
Heitz PU, Kloppel G (1984) Pancreatic endocrine tumors. In: Falkmer S, Hakanson R, Sundler 

F (eds) Evolution and tumor pathology of the neuroendocrine system. Elsevier Biomedical Press, 
Amsterdam, pp 481-496 

Heitz PU, Oberholzer M (1984) Electron microscopy as a tool in the diagnosis of endocrine tumors. 
Pathol Res Pract 178:427-430 

Heitz PU, Staub JJ (1981) Paraneoplastische endokrine Syndrome. In: Dorr W, Seifert G, Uehlinger 
E (eds) Spezielle pathologische Anatomie, vol 14, Endokrine Organe. Springer, Berlin Heidelberg 
New York, pp 1205-1271 

Heitz PU, Kloppel G, Polak JM, Staub JJ (1981) Ectopic hormone production by endocrine tumors: 
Localization of hormones at the cellular level by immunocytochemistry. Cancer 48:2029-2037 

Heitz PU, Kasper M, Polak JM, Kloppel G (1982) Pancreatic endocrine tumors. Immunocytochemi
cal analysis of 125 tumors. Hum Pathol13:263-271 



304 PH.U. HEITZ 

Heitz PU, Kasper M, Kloppel G, Polak JM, Vaitukaitis JL (1983) Alpha-chain production ofpancre
atic endocrine tumors - a specific marker for malignancy. Cancer 51 :277-282 

Heitz PU, Von Herbay G, Kloppel G, Komminoth P, Kasper M, Hofler H, Muller KM, Oberholzer 
M (1987) The expression of subunits of human chorionic gonadotropin (hCG) by nontrophoblas
tic, nonendocrine, and endocrine tumors. Am J Clin Pathol 88 

Hofler H, Aubock L (1984) S-100 Protein in Karzinoiden. Verh Dtsch Ges PathoI68:86-91 
Hofler H, Denk H, Lackinger E, Helleis G, Polak JM, Heitz PU (1986) Immunocytochemical demon

stration of intermediate filament cytoskeleton proteins in human endocrine tissues and (neuro-) 
endocrine tumors. Virchows Arch A (Pathol Anat) 409: 609-626 

lacangelo A, Affolter HU, Eiden LE, Herbert E, Grimes M (1986) Bovine chromogranin A sequence 
and distribution of its messenger RNA in endocrine tissues. Nature 323: 82-86 

Iwafuchi M, Watanabe H, Ishihara N, Shimoda T, Iwashita A, Ito S (1986) Peptide YY immunoreac
tive cells in gastrointestinal carcinoids: Immunohistochemical and ultrastructural studies of 60 
tumors. Hum Pathol17:291-296 

Iwasaki H, Mitsui T, Kikuchi M, Imai T, Fukushima K (1981) Neuroendocrine carcinoma (trabecular 
carcinoma) of the skin with ectopic ACTH production. Cancer 48: 753-756 

Iwase K, Nagasaka A, Kato K, Ohtani S, Nagatsu I, Ohyama T, Nakai A, Aono T, Nakagawa 
H, Shinoda S, Inagaki M, Tei T, Miyakawa S, Kawase K, Miura K, Nakamura T, Kanno 
T, Kuwayama A, Kageyama N (1986) Enolase subunits in patients with neuroendocrine tumors. 
Clin Endocrinol Metab 63: 94-101 

Kahn CR, Rosen SW, Weintraub BD, Fajans SS, Gorden P (1977) Ectopic production of chorionic 
gonadotropin and its subunits by islet cell tumors. N Engl J Med 297: 565-569 

Kelly B (1985) Pathways of protein secretion in eukaryotes. Science 230:25-32 
Klibansky A, Ridgway EC, Zervas NT (1983) Pure alpha subunit-secreting pituitary tumors. J Neu

rosurg 59:585-589 
Koelz A, Kriinzlin M, Gyr K, Meier V, Bloom SR, Heitz PU, Stalder H (1987) Rebound effect 

and escape of diarrhea inhibition during treatment with a long-acting somatostatin analogue 
(SMS 201-995) in patients with vipoma. Gastroenterology 92: 527-531 

Komminoth P (1986) Immunzytochemie: Ein Fortschritt in der Differenzierung unklarer Tumoren. 
Immunzytochemische Studie an 224 neuroendokrinen Tumoren. Inaug. Diss., University of Basel, 
Switzerland 

Kovacs K, Horvath E (1986) Atlas of tumor pathology, vol 21, 2nd series, Tumors of the pituitary 
gland. Armed Forces Institute of Pathology, Washington 

Krisch K, Krisch I, Horvat G, Neuhold N, Ulrich W (1985) The value of immunohistochemistry 
in medullary thyroid carcinoma: A systematic study of 30 cases. Histopathology 9: 1077-1089 

Landolt AM (1975) Ultrastructure of human sella tumors. Correlations of clinical findings and 
morphology. Acta Neurochir Suppl 22 

Landolt AM, Heitz PU (1986) Alpha-subunit-producing pituitary adenomas: Immunocytochemical 
and ultrastructural studies. Virchows Arch A (Pathol Anat) 409:417-431 

Lauffer L, Garcia PD, Harkins RN, Coussens L, Ullrich A, Walter P (1985) Topology of signal 
recognition particle receptor in endoplasmic reticulum membrane. Nature 318: 334-388 

Lauriola L, Maggiano N, Sentinelli S, Michetti F, Cocchia D (1985) Satellite cells in the normal 
human adrenal gland and in pheochromocytomas. An immunohistochemical study. Virchows 
Arch B (Cell Pathol) 49:13-21 

Liddle GW, Nicholson WE, Island DP, Orth DN, Abe K, Lowder SC (1969) Clinical and laboratory 
studies of ectopic humoral syndromes. Rec Progr Horm Res 25: 283-314 

Lindvall 0, Bjorklund A, Falck B, Loren I (1980) New aspects on factors determining the sensitivity 
of the formaldehyde and glyoxylic acid fluorescence histochemical methods for monoamines. 
Histochemistry 68: 169-181 

Ljungberg 0, Bondeson L, Bondeson AG (1984) Differentiated thyroid carcinoma, intermediate 
type. A new tumor entity with features of follicular and parafollicular cell carcinoma. Hum 
PathoI15:218-228 

Lloyd RV, Wilson BR (1983) Specific endocrine tissue marker defined by a monoclonal antibody. 
Science 222: 628-630 

Loffel SC, Gillespie Y, Mirmiran SA, Miller EW, Golden P, Askin FB, Siegal GP (1985) Cellular 
immunolocalization of S100 protein within fixed tissue sections by monoclonal antibodies. Arch 
Pathol Lab Med 109: 117-122 



Neuroendocrine Tumor Markers 305 

MacFarlane lA, Beardwell CG, Shalet SM, Darbyshire PJ, Hayward E, Sutton ML (1980) Glycopro
tein hormone alpha subunit secretion by pituitary adenomas: Influence of external irradiation. 
Clin Endocrinol13:215-222 

Martensson H, Nobin A, Sundler F, Falkmer S (1985) Endocrine tumors of the ileum. Cytochemical 
and clinical aspects. Pathol Res Pract 180:356-363 

Meissner WA (1984) Atlas of tumor pathology, 2nd series, Tumors of the thyroid gland, suppl. 
fasc. 4. Armed Forces Institute of Pathology, Washington 

Merkel F (1875) Tastzellen und Tastkorperchen bei den Hausthieren. Arch Mikrosk Anat Entwick
lungsmech 11 : 636-652 

Morohoshi T, Kanda M, Horie A, Chott A, Dreyer T, Kloppel G, Heitz PU (1987) Immunocytochem
ical markers of uncommon pancreatic tumors: Acinar cell carcinoma, pancreatoblastoma and 
solid cystic (papillary-cystic) tumor. Cancer (to be published) 

O'Connor DT, Deftos LJ (1986) Secretion of chromogranin A by peptide-producing endocrine neo
plasms. N Engl J Med 314:1145-1151 

Oeberg K, Wide L (1981) hCG and hCG subunits as tumor markers in patients with endocrine 
pancreatic tumors and carcinoids. Acta EndocrinoI98:256-260 

Osborn M, Dirk T, Kaser H, Weber K, Altmannsberger M (1986) Immunohistochemical localization 
of neurofilaments and neuronspecific enolase in 29 cases of neuroblastoma. Am J Pathol 
122:433-442 

Oskam R, Rijksen G, Lips CJM, Staal GEJ (1985) Enolase isozymes in differentiated and undifferen
tiated medullary thyroid carcinomas. Cancer 55: 394-399 

Pe1c S, Gompel C, Simonet ML (1986) S-I00 protein expression in satellite and Schwann cells 
in neuroblastoma. An immunohistochemical and ultrastructural study. Virchows Arch B (Cell 
Pathol) 51 :487-495 

Pfaltz M, Hedinger C, Saremaslani P, Egloff B (1983) Malignant hemangioendothelioma of the 
thyroid and factor XIII-related antigen. Virchows Arch A (Pathol Anat) 401: 177-184 

Pilotti S, Rilke F, Lombardi L (1982) Neuroendocrine (Merkel cell) carcinoma of the skin. Am 
J Surg PathoI6:243-254 

Prinz RA, Marangos PJ (1982) Use of neuron-specific enolase as a serum marker for neuroendocrine 
neoplasms. Surgery 92: 887-889 

Ralfkiaer N, Gatter KC, Alcock C, Heryet A, Ralfkiaer E, Mason DY (1985) The value ofimmunocy
tochemical methods in the differential diagnosis of anaplastic thyroid tumors. Br J Cancer 
52: 167-170 

Rettig WJ, Real FX, Spengler BA, Biedler JL, Old LJ (1986) Human melanoma proteoglycan: 
Expression in hybrids controlled by intrinsic and extrinsic signals. Science 321: 1281-1284 

Reubi JC, Heitz PU, Landolt AM (1987) Visualization of somatostatin receptors and correlation 
with immuno-reactive GH and PRL in human pituitary adenoma. J Clin Endocrinol Metab 
65:65-73 

Ridgway EC, Klibansky A, Ladenson PW, Clemmons D, Beitins IZ, McArthur JW, Martorana 
MA, Zervas NT (1981) Pure alpha-secreting pituitary adenomas. N Engl J Med 304: 1254-1259 

Ruchti C, Gerber HA, Schaffner T (1984) Factor VIII-related antigen in malignant hemangioendothe
lioma of the thyroid: Additional evidence for the endothelial origin of this tumor. Am J Clin 
PathoI82:474-480 

Ryff-de U:che A, Staub JJ, Kohler-Faden R, Miiller-Brand J, Heitz PU (1986) Thyroglobulin produc
tion by malignant thyroid tumors: An immunocytochemical and radioimmunoassay study. Cancer 
57: 1045-1053 

Sager W (1981) Hypophyse. In: Dorr W, Seifert G, Uehlinger E (eds) Spezielle pathologische Anato
mie. Springer, Berlin Heidelberg New York, pp 1-226 

Schmechel DE, Marangos PJ, Brightman M (1978a) Neurone-specific enolase is a molecular marker 
for peripheral and central neuroendocrine cells. Nature 276: 834-836 

Schmechel DE, Marangos PJ, Zis AP, Brightman M, Goodwin FK (1978b) Brain enolases as specific 
markers of neuronal and glial cells. Science 199:313-315 

Schmechel DE, Brightman MW, Marangos PJ (1980) Neurons switch from non-neuronal enolase 
to neuron-specific enolase during differentiation. Brain Res 190: 195-214 

Schroder S (1986) Morphologische Prognosekriterien maligner Schilddriisentumoren. Immunhistolo
gie, Elektronenmikroskopie, Autoradiographie, DNS-Cytophotometrie. Habil. Schrift, Uni
versitat Hamburg 



306 PH.V. HEITZ: Neuroendocrine Tumor Markers 

Sikri KL, Varndell 1M, Qutllyba A, Hamid MB, Wilson BS, Karney T, Ponder BAJ, Lloyd RV, 
Bloom SR, Polak JM (1985) Medullary carcinoma of the thyroid. An immunocytochemical and 
histological study of 25 cases using eight separate markers. Cancer 56: 2481-2491 

Silva E, MacKay B (1981) Neuroendocrine (Merkel cell) carcinomas of the skin: An ultrastructural 
study of nine cases. Vltrastruct Pathol 2: 1-9 

Sobin LH, Hjermstad BM, Sesterhenn lA, Helwig EB (1986) Prostatic acid phosphatase activity 
in carcinoid tumors. Cancer 58: 136-138 

Solcia E, Capella C, Buffa R, Vsellini L, Fiocca R, Sessa F, Tortora 0 (1984) The contribution 
of immunohistochemistry to the diagnosis of neuroendocrine tumors. Semin Diagn Pathol 
1:285-296 

Stamm B, Hedinger CE, Saremaslani P (1986) Duodenal and ampullary carcinoid tumors. A report 
of 12 cases with pathological characteristics, polypeptide content and relation to the MEN I 
syndrome and von Recklinghausen's disease (neurofibromatosis). Virchows Arch A (Pathol Anat) 
408:475-489 

Tang CK, Toker C (1978) Trabecular carcinoma of the skin: an ultrastructural study. Cancer 
42:2311-2321 

Tapia FJ, Barbosa AJA, Marangos PJ, Polak JM, Bloom SR, Dermody C, Pearse AGE (1981) 
Neuron-specific enolase is produced by neuroendocrine tumors. Lancet I: 808-811 

Tatemoto K, Carlquist M, Mutt V (1982) Neuropeptide Y - a novel brain peptide with structural 
similarities to peptide YY and pancreatic polypeptide. Nature 296:659--660 

Tischler AS, Mobtaker H, Mann K, Nunnemacher G, Jason WJ, Dayal Y, DeLellis R, Adelman 
L, Wolfe HJ (1986) Anti-lymphocyte antibody Leu-7 (HNK-1) recognizes a constituent ofneuro
endocrine granule matrix. J Histochem Cytochem 34: 1213-1216 

Tobler A, Maurer R, Hedinger C (1984) Vndifferentiated thyroid tumors of diffuse small cell type. 
Histological and immunohistochemical evidence for their lymphomatous nature. Virchows Arch 
A (Pathol Anat) 404: 117-126 

Toker C (1972) Trabecular carcinoma of the skin. Arch Dermatol105: 107-110 
Van Eldik LJ, Jensen RA, Ehrenfried BA, Whetsell WO (1986) Immunohistochemical localization 

of S100 beta in human nervous system tumors by using monoclonal antibodies with specificity 
for the S100 beta polypeptide. J Histochem Cytochem 34:977-982 

Vanstapel MJ, Gatter KC, DeWolf-Peeters C, Mason DY, Desmet VD (1986) New sites of human 
S-100 immunoreactivity detected with monoclonal antibodies. Am J Clin Pathol 85: 160-168 

Voigt JJ, Alsaati T, Gorguet B, Caveriviere P, Scarna H, Bugat R, Delsol G (1985) Carcinome 
a cellules de Merkel de la peau. Etude anatomo-clinique, ultrastructurale et immunohistochimique 
de 14 cas. Ann Pathol 5: 195-203 

Von Overbeck J, Stiihli C, Gudat F, Carmann H, Lautenschlager C, Diirrmiiller V, Takacs B, 
Miggiano V, Stiihe1in T, Heitz PV (1985) Immunocytochemical characterization of an anti-epithe
lial monoclonal antibody (mAB lu-5). Virchows Arch A (Pathol Anat) 407: 1-12 

Wick MR, Goellner JR, Scheithauer BW, Thomas JR, Sanchez NP, Schroeter AL (1983) Primary 
neuroendocrine carcinomas of the skin (Merkel cell tumors). A clinical, histologic, and ultrastruc
tural study of thirteen cases. Am J Clin Pathol 79: 6-13 

Wick MR, Millns JL, Sibley RK, Pittelkow MR, Winkelmann RK (1985) Secondary neuroendocrine 
carcinomas of the skin. An immunohistochemical comparison with primary neuroendocrine carci
noma of the skin ("Merkel cell" carcinoma). J Am Acad Dermatol13: 134-142 

Wickner WT, Lodish HF (1985) Multiple mechanisms of protein insertion into and across mem
branes. Science 230: 400-407 

Wiedenmann B, Franke WW, Kuhn C, Moll R, Gould VE (1986) Synaptophysin: A marker protein 
for neuroendocrine cells and neoplasms. Proc Nat! Acad Sci VSA 83: 3500-3504 

Williams ED, Siebenmann RE, Sobin LH (1980) Histological typing of endocrine tumors. Interna
tional Histological Classification of Tumors. WHO 

Wilson BS, Lloyd RV (1984) Detection of chromogranin in neuroendocrine cells with a monoclonal 
antibody. Am J Patho1115: 458-468 

Yang K, Ulrich T, Cheng L, Lewin KJ (1983) The neuroendocrine products of intestinal carcinoids. 
An immunoperoxidase study of 35 carcinoid tumors stained for serotonin and eight polypeptide 
hormones. Cancer 51: 1918-1926 

Zeltzer PM, Parma AM, Dalton A, Siegel SE, Marangos PJ, Sather H, Hammond D, Seeger RC 
(1983) Raised neuron-specific enolase in serum of children with metastatic neuroblastoma. Lancet 
II: 361-363 



Morphological Markers in Neuro-Oncology 

P. KLEIHUES, M. KIESSLING and R.C. JANZER 

1 
2 

Introduction . . . . . . . . . . . . . . . 
Biochemically Defined Neural Marker Proteins 

2.1 Glial Fibrillary Acidic Protein (GFAP) 
2.2 S-100 Protein ...... . 
2.3 
2.4 
2.5 
3 

Neuron-Specific Enolase . . . 
Neurofilament Proteins (NFP) 
Synaptophysin . . . . . . . 
Human Brain Tumor-Associated Antigens Defined by Monoclonal Antibodies 

4 Application of Tumor Markers to Diagnostic Neuro-Oncology 
4.1 Neuronal Tumors 
4.2 Astrocytomas .......... . 
4.3 Oligodendrogliomas ....... . 
4.4 Ependymal and Choroid Plexus Tumors 
4.5 Glioblastoma Multiforme ..... . 
4.6 Medulloblastomas and Related Primitive Neuroectodermal Tumors (PNET) 
4.7 Tumors of the Peripheral Nervous System . . . . . . . 
4.8 Meningiomas .................. . 
5 Immunohistochemical Determination of Proliferating Cells 
6 Concluding Remarks 
References . . . . . . . . . . . . . . . . . . . . . . . 

1 Introduction 

307 
308 
308 
313 
314 
316 
316 
317 
318 
318 
319 
321 
322 
323 
324 
325 
326 
327 
328 
329 

Like many other morphological disciplines, surgical neuropathology has been 
greatly advanced by the introduction of immunohistochemical methods. The 
assessment of antigenic marker proteins in nervous system tumors has generally 
led to a higher level of diagnostic accuracy. Although the spectrum of available 
antibodies with proven diagnostic usefulness is still limited, some previously 
difficult differential diagnoses have become less troublesome and ambiguous 
(BONNIN and RUBINSTEIN 1984). This is particularly true for the distinction 
of gliomas and embryonal CNS tumors from metastatic lesions of epithelial 
and mesenchymal origin, as well as from malignant lymphomas. In addition, 
immunocytochemistry has expanded our knowledge of the origin of some human 
brain tumors with a re-evaluation of several entities, the histogenesis and classifi
cation of which had been disputed for decades (ZULCH 1979) due to the lack 
of reliable histomorphological criteria. Thus, the identification of abundant glial 
fibrillary acidic protein (GFAP) in most giant cells of the 'monstrocellular sar
coma' has led to its re-classification as giant cell glioblastoma with a sarcoma-
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tous component, i.e., a variant of the glioblastoma. The presence of numerous 
GFAP positive cells in superficially located cerebral neoplasms of young adults 
previously classified as malignant mesenchymal tumors, has allowed the identifi
cation of a new and now widely acknowledged tumor type, the pleomorphic 
xanthoastrocytoma (KEPES et al. 1979; GRANT and GALLAGHER 1986). The fre
quent lack of GFAP expression and the presence of NSE (STEFANSSON and 
WOLLMANN 1980, 1981) in the subependymal giant cell astrocytoma associated 
with tuberous sclerosis have caused speculations that these slowly growing, 
benign lesions may be partially of neuronal origin (NAKAMURA and BECKER 
1983; BONNIN et al. 1984). It should, however, be emphasized that the presence 
within tumor cells of the astrocytic intermediate filament protein GFAP is not 
necessarily proof of their astrocytic origin. In contrast to their normal counter
parts, neoplastic cells have a tendency towards unpredictable changes in gene 
expression, which may lead to the suppression of a gene product typically pres
ent, or the synthesis of marker proteins normally absent, in the cell line of 
origin. In embryonal tumors, the focal expression of glial or neuronal markers 
may be indicative of a tendency towards a distinct line of differentiation. In 
some instances, the possibility cannot be dismissed that a marker protein such 
as GFAP has been taken up from neighbouring reactive astrocytes. This is 
exemplified by the dilemma of how to interpret the occasional presence of 
GF AP in stromal cells of the cerebellar hemangioblastoma (DECK and RUBIN
STEIN 1981; MCCOMB et al. 1986). Future studies employing in situ hybridization 
techniques for the identification of specific mRNA sequences (LEWIS and COWAN 
1985) may aid in overcoming such ambiguities. 

2 Biochemically Defined Neural Marker Proteins 

2.1 Glial Fibrillary Acidic Protein (GFAP) 

Since its discovery by ENG et al. in 1971, GFAP has been extensively investigated 
and is presently regarded as the most useful marker antigen for astroglial cells 
in health and disease. Its impact on surgical neuropathology is unrivalled by 
any other tumor marker. This is mainly due to the availability of a large panel 
of reliable antibodies, a high immunocytochemical "signal to noise" ratio and 
a low chance of cross reactivity with GF AP-like antigens in extraneural neo
plasms. 

Biochemical and immunological studies have revealed that GFAP is a cytoskeletal protein of 
55 kD which was shown to polymerize in vitro to form smooth, curvilinear or rectilinear 10 nm 
intermediate filaments. When the in vitro assembly is carried out in the absence of reducing agents, 
approximately 50% of the total protein migrates as a dimer, indicating that the polymerization 
is accompanied by oxidation ofSH-groups (RUEGER et al. 1979). There is recent evidence that subtypes 
of GFAP exist which can be distinguished by specific monoclonal antibodies (GHEUENS et al. 1984). 
It remains to be seen whether this polymorphism can be related to specific cell populations or 
disease entities. 

The distribution ofGFAP in the normal brain has been extensively reviewed (ENG 1980; OSBORN 
and WEBER 1983; TRAUB 1985) and is summarized in Table 1. It should be pointed out that the 
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Table 1. Expression of GFAP in normal and neoplastic tissues 

Cell type/Tissue 

Central nervous system 

Astrocytes 

Bergmann glia 

Radial glia 
Tanycytes 

Oligodendrocytes 
Ependymal cells 
Rosenthal fibers 

Comment 

More accentuated in fibrous (reactive) than in protoplasmic astro
cytes 
In normal cerebellum and, more markedly, following the loss of 
Purkinje neurons (SCHACHNER et al. 1977) 
In the developing fetal brain (CHO! and LAPHAM 1978; CHO! 1986) 
Subependymal tapering cells (ROESSMANN et al. 1980 ; SHAW et al. 
1981) 
Transient expression during ontogeny (CHOI and KIM 1984) 
Only during brain development (ROESSMANN et al. 1980) 
Variable staining; amorphous core often negative (JANZER and 
FRIEDE 1981; SMITH and LANTOS 1984) 

Peripheral and autonomic nervous system 

Schwann and satellite cells Limited expression in human Schwann cells. Antigen may differ 
from that present in CNS astrocytes (JESSEN et al. 1984; JESSEN 
and MIRSKY 1985) 

Enteric glia Positively identified in rats (JESSEN and MIRSKY 1980) 

Neural tumors 

Astrocytomas 

Oligoastrocytomas 

Oligodendrogliomas 

Choroid plexus papillomas 
Ependymomas 

Glioblastoma multiforme 
Medulloblastoma 
Neurofibromas 

Extraneural tissues 

Adenohypophysis 
Epiglottis 
Salivary gland 
Liver 

Extraneural tumors 

Pituitary adenoma 
Pleomorphic salivary adenoma 

Metastatic renal carcinoma 
Papillary meningioma 

Reliable marker for this tumor type (see KUMAR and MARSDEN 
1986) 
Mainly in neoplastic astrocytes (HERPERS and BUDKA 1984; NAKA
GAWA et al. 1986) 
In neoplastic' gliofibriIlary oligodendrocytes' (HERPERS and BUDKA 
1984; NAKAGAWA et al. 1986) 
Only focal expression (RUBINSTEIN and BRUCHER 1981) 
Variable expression; often accentuated in perivascular pseudoro
settes (DUFFY et al. 1979) 
Patchy distribution of GFAP, accentuated in the giant ceIl subtype 
Focal expression in approx. 10% of cases (see Table 2) 
Only occasionaIly expressed (MEMOLY et al. 1984) 

Follico-stellate cells (VELASCO et al. 1982; HOFLER et al. 1984) 
Epiglottic cartilage (KEPES et al. 1984; BUDKA 1986) 
Myoepithelial cells (ACHTSTATTER et al. 1987) 
Peri sinusoidal steIlate cells of rat liver (GARD et al. 1985) 

Only one case reported (HOFLER et al. 1984) 
Case report; only few cells were GFAP positive (NAKAZUTO et al. 
1982) 
Case report (BUDKA 1986) 
Case report; triple expression of GFAP, vimentin and desmin 
(BUDKA 1986) 
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extent of GFAP expression is closely linked to the functional state of astroglia and greatly influenced 
by surrounding tissue elements. Generally, protoplasmic astrocytes contain little GFAP whereas 
reactive fibrous astrocytes show abundant GFAP expression (Fig. 1 a). Exposure to cyclic AMP 
(SENSENBRENNER et al. 1980), wounding of the cerebral cortex with formation of a glial scar (BIGNAMI 
and DAHL 1976) and contact with mesodermal tissue (HERPERS et al. 1984) is accompanied by a 
marked increase in immunoreactive GF AP (Fig. 1 d). Glial filament proteins are evenly distributed 
in the perikaryon and cytoplasmic processes, the cell nucleus usually being spared. Rosenthal fibers, 
i.e. conglomerates of glial filaments, present in a variety of chronic pathological conditions, show 
variable GFAP antigenicity but the surrounding rim of cytoplasm is usually strongly GFAP positive 
(JANZER and FRIEDE 1981; SMITH and LANTOS 1985). Co-expression of GFAP with vimentin is not 
uncommon and this has led to the suggestion that in response to functional differences, these interme
diate filaments may act together in the formation of the cytoskeleton (WANG et al. 1984). There 
is, however, evidence that certain GFAP-positive cells do not express vimentin and these have tentati
vely been classified as protoplasmic astrocytes (SHAW et al. 1981). In addition, GFAP is frequently 
co-expressed witII S-100 protein, particularly in reactive astrocytes and differentiated astrocytomas. 
In several neoplasms, however, immunoreactivities to these marker proteins dissociate and this may 
be a valuable diagnostic criterion (KIMURA et al. 1986). 

Intermediate filament typing in diagnostic oncology is based on the concept 
that neoplastic cells retain the pattern of intermediate filament proteins typical 
for the tissue or cell type of origin (OSBORN and WEBER 1983; RAMAEKERS 
et al. 1983). For GFAP this has been largely confirmed, although the practicing 
pathologist should be aware of some notable exceptions (Table 1). The role 
of GFAP in the histopathological diagnosis of gliomas has been extensively 
reviewed (DECK et al. 1978; VELASCO et al. 1980; T ASCOS et al. 1982; BONNIN 
and RUBINSTEIN 1984; COLLINS 1984; GULLOTTA et al. 1985; KUMAR and MARS
DEN 1986; SCHWECHHEIMER 1986). Two major limitations to the application 
of GF AP should be emphasized. First, it does not allow a clear-cut distinction 
of neoplastic cells from reactive astrocytes in the adjacent brain or from en
trapped astrocytes within an invading neoplasm. Although in tumor cells GFAP 
expression is often restricted to the perikaryon and a few, plump cell processes 
(Figs. 1 f, 2b), it can be very difficult to unequivocally identify astrocytic differ
entiation in non-astroglial tumors, e.g. oligodendrogliomas (HERPERS and 
BUDKA 1984; NAKAGAWA et al. 1986) and medulloblastomas (MANNOJI et al. 
1981; COFFIN et al. 1983). In hamartomatous lesions, astrocytes may show long, 
but irregularly formed cell processes (Fig. 1 h). Secondly, the histopathological 
assessment of G F AP in astrocytic tumors is oflittle assistance in tumor grading. 

<l Fig. 1. a Infiltration zone of a glioblastoma multiforme. Expression of GFAP by reactive astrocytes. 
In contrast to neoplastic astrocytes (shown in b), reactive astrocytes characteristically have numerous 
delicate cell processes. b Gemistocytic astrocytoma. GFAP-immunoreactivity is accentuated in the 
perinuclear cell body of neoplastic cells. Note the virtual absence of celll processes. c Glioblastoma 
multiforme. Marked expression of GFAP by large, multinucleated giant cells. d Anaplastic ependy
moma. Expression of GFAP is accentuated at tlIe border towards surrounding connective tissue. 
e Anaplastic ependymoma. GF AP-immunoreactivity is largely restricted to perivascular pseudoro
settes. f Malignant glioma with an anaplastic focus lacking GFAP and a sharp transition into 
a more differentiated tumor area with marked GFAP expression. g Glial hamartoma of the temporal 
lobe. Clusters of undifferentiated small cells show marked immunostaining with S-1OO protein. h 
Glial hamartoma (same case as in g). GF AP immunostaining shows malformed astrocytes with 
long, but irregular cell processes. i Cerebral metastasis of a malignant melanoma. Most tumor cells 
are strongly positive for S-100 protein 
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Although neoplastic progression with increasing anaplasia is usually paralleled 
by a decrease in GFAP expression (JACQUE et al. 1979; DUFFY et al. 1980), 
this inverse correlation is too variable to be of prognostic value. 

Comparison of results obtained in different labaratories is often difficult 
since a steadily increasing range of commercially available polyclonal and mono
clonal antibodies is in use, with variable specificity and sensitivity. In addition, 
the immunoreactivity of GF AP in paraffin-embedded sections depends on the 
dilution of the primary antibody (BIGBEE et al. 1977), the interval between tissue 
removal and fixation (DEARMOND et al. 1983), on the type of fixative and the 
length of fixation (DIXON and ENG 1981; JIE et al. 1986). With respect to the 
latter, it is generally agreed that rapid fixation in neutral buffered 4% formalde
hyde (NBF) overnight or short fixation in NBF (1 hr) followed by 70% ethanol, 
give satisfactory results with most available antibodies (ZHENG et al. 1986). The 
quenching effect of formalin fixation is probably due to extensive protein cross
linking and can be partially reversed by trypsin digestion (MEPHAM et al. 1979; 
ENG 1985). Monoclonal antibodies tend to bind less consistently to GFAP 
in formalin-fixed tissues since each of them recognizes antigenic determinants 
which may be spatially closely related, but not identical. These epitopes may 
be unpredictably sensitive or resistant to fixation. It has, therefore, been pro
posed to use a 'cocktail' of monoclonal antibodies to GFAP. This makes a 
loss of immunoreactivity due to fixation-induced alteration of antigen structure 
less likely (McLENDON et al. 1986). In contrast to polyclonal antisera, such 
MAB mixtures offer the advantage of continuous, unlimited supply. 

2.2 S-100 Protein 

A thermolabile, acidic protein of MW 20-25,000 found in bovine brain but not liver was first 
isolated in 1965 by MOORE. It was named S-100 because of its solubility in 100% ammonium sulphate 
solution at neutral pH. Later it was shown to consist of two polypeptide chains of 93 and 91 
amino acids (alpha- and beta-subunit), sharing 54 identical amino acids. S-100-alpha and S-100-beta 
form homo- and heterodimers (alpha/alpha=S-100ao, alpha/beta=S-100a, beta/beta=S-100b) but 
the physiological role of these dimers has not been determined (!sOBE et al. 1983). 

Based on biochemical structural similarity, it was suggested that S-100 was a member of the 
group of calcium binding proteins. There is a soluble and a membrane-bound form of S-100 (HAGLID 
et al. 1976). The latter is bound to the cytoplasmic side of mitochondria, endoplasmic reticulum 

<l Fig. 2. a Cerebral ganglioglioma. Marked GFAP expression by the neoplastic glial component. 
b Cerebral ganglioglioma. NSE immunoreactivity in numerous neoplastic neuronal cell bodies and 
processes. c Spinal ganglioneuroblastoma. NFP expression by ganglionic cells and their processes. 
d Focal expression ofNSE in a medulloblastoma, indicating neuronal differentiation. e Medulloblas
toma with neuronal differentiation. NFP expression is restricted to mature ganglionic cells. f Medul
loblastoma with astrocytic differentiation. GFAP immunoreactivity is restricted to a small perinuclear 
cytoplasmic rim. g Ganglioglioma. Synaptophysin stains the neuronal tumor compartment. Note 
the punctuate accentuation along the plasma membrane, reflecting the distribution of synaptic junc
tions. h Supratentorial primitive neuroectodermal tumor (PNET) with focal neuronal differentiation. 
Synaptophysin immunoreactivity in these areas shows a granular, network-like pattern. i Diffuse 
expression of carbonic anhydrase C in the cerebral metastasis of an anaplastic choroid plexus papil
loma 
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and Golgi apparatus. It is found in free and membrane-bound ribosomes and can be secreted into 
the extracellular space (COSGRAVE et al. 1983). In addition to its cytoplasmic distribution, S-1OO 
is expressed in the cell nucleus where a stimulatory effect on RNA polymerase I has been reported 
(MICHETTI et al. 1976). Its synthesis is cell cycle dependent and highest in quiescent cells (FAN 1982), 
but nothing is known about a possible gene-regulatory function. In the development of the CNS 
it promotes neurite extension (KLIGMAN and MARSHAK 1985), and has been implicated in microtubule 
disassembly (BAUDIER et al. 1982), in cation permeability regulation of lipid membranes (CALISSANO 
and BANGHAM 1971) and in the regulation of protein phosphorylation and dephosphorylation (Kuo 
et al. 1986). Its detailed biological function, however, is still unknown (for review see DONATO 1986). 

Originally thought to be nervous system-specific, S-100 has now been identi
fied in over 20 different cell types of normal tissues and their neoplastic counter
parts (DONATO 1986; NAKAJIMA et al. 1984; WEISS et al. 1983). Within the nor
mal nervous system, it is present in astrocytes and oligodendrocytes (LUDWIN 
et al. 1976), ependymal cells (yAMAGUCHI 1980), in some neurons (HAAN et al. 
1982; LoEFFEL et al. 1985; MOLNAR et al. 1985; VANSTAPEL et al. 1985), and 
in Schwann cells (VANSTAPEL et al. 1985). In contrast to GFAP, it is preferen
tially expressed in cell nuclei (Figs. 2g, h). The relative amount and the distribu
tion of the S-100 subunits in different human tumors is very variable (TAKAHASHI 
et al. 1984). More than 90% of the cerebral S-100 belongs to the S-100b fraction 
(JENSEN et al. 1985). Accordingly, the immunohistochemical staining obtained 
by heterologous polyclonal antibodies recognizing both subunits is very similar, 
if not identical, to that seen with mono specific anti-S-100-beta antisera as far 
as the normal (MOLNAR et al. 1985; LOEFFEL et al. 1985; VANSTAPEL et al. 1985) 
and neoplastic (VAN ELDICK et al. 1986) nervous system is concerned. S-100 
is expressed in astrocytomas, ependymomas, glioblastomas, schwannomas, glial 
hamartomas (Fig. 1 g), and the adamantinomatous areas of craniopharyngio
mas. In addition, it is strongly positive in melanocytic lesions and can be ex
pressed in chordomas, chondrosarcomas, lipomas, liposarcomas, fibromatosis, 
histiocytosis X, eosinophilic granulomas, mixed sweat gland tumors, pleo
morphic adenomas of the salivary gland, medullary carcinomas of the breast, 
bronchioalveolar carcinomas of the lung and teratomas of the ovary (KAHN 
et al. 1982; NAKAMURA et al. 1983; TAKAHASHI et al. 1984; WEISS et al. 1983). 
Its principal diagnostic application in neuro-oncology is the differential diagno
sis of benign and malignant spindle cell tumors since it is consistently expressed 
in schwannomas and neurofibromas (WEISS et al. 1983; WEIDENHEIM and CAMP
BELL 1986). The strong intracytoplasmic expression of S-100 in all melanocytic 
lesions, including amelanotic melanomas (Fig. 1 i) has also proved very useful. 
It has recently been reported that the alpha-subunit of S-100 is present in human 
malignant melanomas, but not in Schwann cell-derived tumors of the peripheral 
nervous system (ISOBE et al. 1984). 

2.3 Neuron-Specific Enolase 

Neuron-specific enolase (NSE) was first isolated from brain tissue by MOORE and co-workers (1965) 
and initially referred to as 14.3.2 protein, based on chromatographic and electrophoretic criteria 
(MOORE 1975). Later, it was designated neuron-specific protein (MARANGOS et al. 1975) until BOCK 
and DISSING (1975) discovered that this protein was in fact an isoenzyme of the glycolytic enzyme 
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enolase (2-phospho-D-glycerate hydrolase, E.C. 4.2.1.11). Like several other glycolytic enzymes, eno
lase exists as a set of isoenzymes. Each of the 5 dimeric isoenzymes known is composed of two 
out of three immunologically distinct subunits (a, p and y) which are coded for by separate genes 
(PEARCE et al. 1976; CHEN and GIBLET 1976). Unlike liver and skeletal muscle which express mainly 
a single isoenzyme (aa or pp, respectively) it has been established by chromatographic and immunoas
say techniques (MARANGOS et al. 1979; SUZUKI et al. 1980) that nervous tissue contains a mixture 
of isoenzymes, two homodimers (0(()( and yy) and one heterodimer (ay). The y subunit, present either 
in the hybrid or yy form, accounts for approximately 2% of total soluble brain proteins (MARANGOS 
et al. 1979; HULLIN et al. 1980; KATO et al. 1982). Most other tissues (e.g. liver and skeletal muscle) 
have y subunit levels three orders of magnitude lower than the brain. Compared to the aa homodimer 
(MW 87,000), yy enolase is characterized by a lower molecular weight (MW 78,000), a more acidic 
isoelectric point and greater stability towards chloride inactivation (MARANGOS et al. 1978; SCHME
CHEL 1985). Immunochemical studies of the subunit distribution in normal tissues have been per
formed employing purified antibodies specific for either the a or y subunits (RoYDS et al. 1982; 
HAIMOTO et al. 1985). At present, immunohistochemical techniques do not allow discrimination be
tween the neuron-specific (yy) and the hybrid (IXY) enolase. 

Within the eNS, y enolase is almost exclusively localized in neurons whereas 
()( enolase expression is found in glial, meningothelial, endothelial and Schwann 
cells and has thus been referred to as non-neuronal enolase (NNE) (SCHMECHEL 
et al. 1978). Neuroblasts also contain NNE, but show a switch of expression 
from ()( to y enolase during the process of differentiation (SCHMECHEL et al. 
1980). Immunohistochemical and the more sensitive enzyme-linked immunoas
say techniques have demonstrated that y-enolase (mainly in the hybrid form) 
is also widely distributed in extraneural tissues. High levels of enolase are present 
in the adrenal and pituitary gland, in cells of the diffuse neuroendocrine system 
(SCHMECHEL et al. 1978), and in a variety of non-neuronal and non-neuroendo
crine cell populations (HAIMOTO et al. 1985). 

In spite of the recognition that this protein is not neuron-specific, y-enolase 
is currently employed as a broad-range marker for neoplastic neuronal and 
neuroendocrine cells (TAPIA et al. 1981; GHOBRIAL and Ross 1986; TAYLOR 
et al. 1986). Within the eNS, it has been used as an indicator of neuronal 
differentiation in neuroblastomas (ODELSTAD et al. 1981), retinoblastomas (NAK
AJIMA et al. 1984) and a variety of primitive neuroectodermal tumors, including 
the medulloblastoma (Fig. 2d). Reservation about its usefulness for the classifi
cation of eNS tumors, however, has arisen from the co-expression of GF AP 
and NSE in reactive astrocytes (VINORES et al. 1984; VINORES and RUBINSTEIN 
1985) and the positive immunoreactivity of tumor cells occasionally found in 
various types of gliomas (HAGLID et al. 1973; NAKAJIMA et al. 1984; VINORES 
et al. 1984), in meningiomas (NAKAJIMA et al. 1984) and neurinomas (NAKAJIMA 
et al. 1984). This clearly demonstrates that the y subunit of NSE can no longer 
be regarded as a neuron-specific tumor marker. NSE is further expressed in 
neuroblastomas, ganglioneuroblastomas, gangliogliomas (Fig. 2 b), paraganglio
mas (IRONSIDE et al. 1985) and in the majority of neuroendocrine tumors, includ
ing intermediate and small cell carcinomas of the lung. In addition, there are 
numerous studies reporting NSE-like immunoreactivity in non-neuronal tumors 
including malignant melanomas, Schwann cell neoplasms, chordomas, fibroade
nomas of the mammary gland and a variety of carcinomas of non-neuroendo
crine origin (DHILLON et al. 1982; NAKAJIMA et al. 1983, 1984; VINORES et al. 
1984; NESLAND et al. 1986; PAHLMAN et al. 1986). 
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2.4 Neuromament Proteins (NFP) 

Neurofilaments constitute one of five subclasses of intermediate filaments. All 
intermediate filaments have a strongly conserved, rod-shaped, alpha-helical 
40 kD domain, probably derived from an ancestral intermediate filament gene 
(SHAW et al. 1984; PRUSS et al. 1981). NFP have a hypervariable amino-terminal 
head and carboxy-terminal tail on both sides of the 40 kD alpha-helix. The 
tail ends of the neurofilament proteins, which are unusually long for an interme
diate filament, contain a domain with a high content of acidic residues (LIEM 
et al. 1985a). This "b" domain represents the binding site for the Bodian silver 
stain, which specifically stains neurofilament proteins (WEBER et al. 1983; GAM
BETTI et al. 1981). Expression of neurofilament proteins has, so far, only been 
recorded in neuronal cells, predominantly in axons (DRAKE and LASEK 1984). 
Its function is not clear, but may not be essential since it is entirely lacking 
in the well functioning nervous system of arthropods. Neurofilaments are com
posed of 3 subclasses of polypeptide chains with molecular weights of 68-75, 
140-175 and 180-212 kD (SHAW etal. 1984). Since there is a relatively great 
interspecies variation in molecular weight the terms H-, M- and L-subunit (for 
"high", "middle" and" low") are commonly used. These subunits are differen
tially expressed during brain development (SHAW and WEBER 1982) and have 
a differential distribution within the neuronal cell (HIROKAWA et al. 1984). Al
though all three subunits are found in the axon as well as in the cell body 
and dendrites, phosphorylated epitopes on the H- and M-subunits recognized 
by monoclonal antibodies have so far only been detected in the axon, but 
not in cell bodies or dendrites (STERNBERGER and STERNBERGER 1983; GOLDSTEIN 
et al. 1983). The H-subunit forms cross-bridges between neurofilaments (HIRo
KAWA 1982) while the L-subunit represents the binding site for cross-links with 
microtubule associated proteins, including tau-protein (LIEM et al. 1985b). In 
diagnostic neuro-oncology, commercially available monoclonal antibodies re
cognizing the H- and M-subunit have preferentially been used. In most reports, 
it is not specified whether these reacted with phosphorylated or non-phosphory
lated epitopes. Despite these limitations, neurofilament protein expression in 
tumor cell bodies has only been found in neuronal tumors, e.g., phaeochromocy
toma, ganglioneuroma, ganglioneuroblastoma (Fig.2c), and neuroblastoma 
(MUKAI et al. 1986; OSBORN et al. 1986; TROJANOWSKI et al. 1984). In our experi
ence, the presence of neurofilaments is highly specific for neuronal tumors. 
However, NFP are most consistently expressed in neoplasms with advanced 
neuronal differentiation and may be difficult to detect in undifferentiated neu
roblastomas. 

2.5 Synaptophysin 

Synaptophysin, an acidic homoligomeric glycoprotein of subunit MW 38,000 was first isolated from 
rat and bovine brain in 1985 (JAHN et al. 1985; WIEDENMANN and FRANKE 1985). Its expression 
during brain development correlates with synaptogenesis and nerve terminal differentiation (KNAUS 

et al. 1986). Recent biochemical characterization has identified this protein as an integral ca1cium
binding membrane protein of presynaptic vesicles in neurons and similar vesicles in neuroendocrine 



Morphological Markers in Neuro-Oncology 317 

cells (WIEDENMANN and FRANKE 1985; REHM et al. 1986). Synaptophysin appears to span the mem
brane of these vesicles and has an epitope exposed on the cytoplasmic surface to which several 
polyclonal (JAHN et al. 1985) and monoclonal antibodies have been raised (WIEDENMANN and FRANKE 
1985; WIEDENMANN et aI. 1986). The epitope recognized by the antibody SY 38 is reliably demonstra
ble by immunofluorescence in frozen sections (WIEDENMANN et aI. 1986; SCHWECHHEIMER et al. 1987) 
and in conventionally fixed, routinely processed paraffin embedded material (for details see GOULD 
et al. 1986). 

In normal tissues, immunoreactivity is present in all types of neurons, at the neuromuscular 
junction of cross striated muscle, in the adrenal medulla and certain cells of the dispersed neuroendo
crine system (WIEDENMANN and FRANKE 1985; GOULD et al. 1986; WIEDENMANN et al. 1986). Immuno
staining characteristically reveals a fine punctuate cytoplasInic pattern which most probably reflects 
the distribution of synapses and/or neurosecretory vesicles. Accordingly, immunoreactivity in mature 
eNS neurons is accentuated at the cell periphery (Fig. 2g), whereas in neuroendocrine cells it is 
spread rather evenly throughout the cytoplasm (WIEDENMANN et al. 1986; GOULD et al. 1987). Within 
the neuroendocrine system, synaptophysin is present in both "neural" and" epithelial" cell types, 
indicating its independence from cytoskeletal characteristics or the neuropeptide composition of 
individual cells (GoULD et aI. 1986). Thus, co-expression with the neurofilament triplet, cytokeratins, 
vimentin or a combination of intermediate filament markers has been observed. 

Synaptophysin immunostaining was found to be reliable and specific for 
a variety of differentiated and undifferentiated neuronal tumors, including neu
roblastomas, ganglioneuroblastomas, ganglioneuromas, glio-neuronal hamarto
mas as well as primitive neuroectodermal tumors (Fig. 2h), including the medul
loblastomas (GoULD et al. 1986; SCHWECHHElMER et al. 1987). Synaptophysin 
is further expressed in almost the entire spectrum of neural and epithelial neuro
endocrine neoplasms, irrespective of their degree of differentiation, cytoskeletal 
constituents and hormone production. In contrast to NSE, immunohistochemi
cal studies of malignant epithelial and mesenchymal tumors have so far failed 
to show synaptophysin expression. The consistent negativity of malignant mela
nomas is particularly remarkable, despite their positive immunoreactivity for 
NSE and several neuropeptide antigens. The absence of synaptophysin immuno
staining in non-neural and non-neuroendocrine cells and in neoplasms derived 
therefrom indicates that synaptophysin may prove to be a specific and highly 
reliable marker for the identification of neuroblastic and neuroendocrine cells. 

3 Human Brain Tumor-Associated Antigens 
Defined by Monoclonal Antibodies 

Being directed towards a single antigenic deterIninant, MABs have the potential of recognizing 
proteins that are unique to certain tumor types and restricted to neoplastic cells. In addition, the 
continuous production of a homogeneous antibody could result in diagnostic and therapeutic applica
tions in vivo. Over the past five years, a great number of murine MABs has been raised, using 
different approaches for immunization. Their potential use and liInitations have recently been re
viewed by BULLARD and BIGNER (1985). These authors concluded that the antibodies developed 
so far have greatly advanced our knowledge of the complexity of antigenic determinants in human 
brain and brain tumors, but that their practical use is stillliInited by a variety of inherent disadvan
tages. These include a marked phenotypic heterogeneity of human neuroectodermal tumors, limited 
sensitivity, inability to detect certain human histocompatibility complex (HLA) specificities and to 
evoke in mice the autochthonous human immunological response to tumor-associated antigens. 

Following immunization with fetal human brain, KEMSHEAD and co-workers developed the murine 
antibody UJ13A which selectively binds to tissues of neuroectodermal origin and neoplasms derived 
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therefrom. This pan-neuroectodermal antibody has been successfully used to distinguish neural tu
mors from lymphomas and epithelial metastatic lesions but the antigen is inactivated by fixation 
(ALLAN et al. 1983). This also applies to a panel of MABs to neuroectodermal oncofetal antigens 
developed by WIKSTRAND et aI. (1982) and GARSON et al. (1985) which recognize neuroectodermal 
tumors as well as human fetal CNS and lymphoid tissues. A similar specificity for neuroectodermal 
tumors and oncofetal tissues was found in a hybridoma raised against melanoma cells (LIAO et al. 
1981). In several studies, antibodies were produced by immunizing mice with cultured glioma cell 
lines. The MABs BF7 and GE7 demonstrated specific binding to glioma cells in a radioimmunoassay 
(SCHNEGG et al. 1981) but histologically detectable immunoreactivity was present in both normal 
astrocytes and a subset of neoplastic glial cells in human gliomas (KRAJEWSKI et aI. 1986). Special 
fixation and embedding techniques were necessary to maintain antigenicity. 

A detailed analysis of MABs developed by immunization with human glioma-derived cell lines 
(HGL) revealed a complex pattern of antigenic heterogeneity (WIKSTRAND et al. 1985). Human glioma 
lines which reacted most extensively with anti-HGL MABs also had the highest reactivity rate with 
anti-lymphoid marker antibodies. Antigenicity in frozen sections from human glioblastomas and 
astrocytomas was found to be even more complex, with immunoreactivity to anti-HGL MABs 
present in 66-100% of cases. None of the MABs tested was sufficiently specific and reliable for 
diagnostic purposes. This also holds true for most antibodies raised against neuroblastomas which 
usually cross-react with haematopoietic cells and neuroectoderm-derived tissues and tumors. The 
recently developed MAB 5A7 appears to be more selective, showing no reactivity with normal 
or neoplastic haematopoietic cells (GROSS et al. 1986). 

In conclusion, the MABs raised in an attempt to selectively define glioma-associated antigens 
are at present not very helpful in the histopathological diagnosis of human nervous system tumors, 
mainly due to extensive cross-reactivity with normal CNS cells and extraneural tissues and their 
general sensitivity to formalin fixation. 

4 Application of Tumor Markers to Diagnostic Neuro-Oncology 

4.1 Neuronal Tumors 

Highly differentiated neuronal neoplasms do not usually give rise to diagnostic 
problems. This is particularly true for gangliocytomas, gangliogliomas, gan
glioneuromas and ganglioneuroblastomas in which mature ganglionic cells can 
be identified both by their histological appearance and immunoreactivity for 
NSE (Fig.2b), NFP (Fig. 1c) and synaptophysin (Fig. 2g). However, these 
neuronal marker proteins can be of great assistance in the interpretation of 
neoplasms with less advanced neuronal differentiation. Thus, retroperitoneal 
and adrenal neuroblastomas can be difficult to distinguish from other small 
round-cell tumors (e.g., Ewing's sarcoma, malignant lymphoma, rhabdomyosar
coma, Wilms' tumor). Neuroblastomas can be positively identified by their im
munoreactivity for NFP, but abundant neurofilaments are only present in the 
more differentiated neoplasms. In immature neuroblastomas, immunoreactivity 
for NFP is lower and can easily be abolished by fixation. A recent report 
by OSBORN et al. (1986) indicates that alcohol fixation and paraffin embedding 
causes a preferential inactivation of epitopes recognized by antibodies to the 
low molecular weight NFP. This is at variance with a study by MUKAI et al. 
(1986) who found that in formalin-fixed, paraffin-embedded neuroblastomas, 
a polyvalent rabbit antiserum to the 68-kD subcomponent was most reliable 
and sufficiently discriminating for diagnostic application. NSE is also con-
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sistently expressed in neuroblastomas, but is less specific than NFP since it 
has also been found in a variety of other tumors (VINORES et al. 1984; NAKAJIMA 
et al. 1984; OSBORN et al. 1986). Synaptophysin (GOULD et al. 1986) and micro
tubule-associated proteins (ARTLIEB et al. 1985) may soon be established as 
the most useful marker proteins for neuroblastomas and neoplasms of the diffuse 
neuro-endocrine system since their distribution appears to be highly specific 
and their immunoreactivity less affected by fixation. None of these markers 
has been shown to be of use in the grading of neuroblastomas. In contrast, 
immunoreactivity to S-100 protein has recently been claimed to be associated 
with favourable prognosis (SHIMADA et al. 1985). 

In the olfactory neuroblastoma, both NSE (CHO! and ANDERSON 1985) and 
synaptophysin (Fig. 2h) are expressed in irregularly shaped cell clusters. Immu
noreactive S-100 protein is restricted to cells that form an interconnecting net
work at the periphery of lobular tumor cell nests (CHO! and ANDERSON 1985). 
With progressive differentiation, olfactory neuroblastomas also express NFP 
(TROJANOWSKI et al. 1982). Due to their common origin from photoreceptor 
cells, retinoblastomas and pineal parenchymal tumors (pineocytomas) express 
the retinal S-antigen (DONOSO et al. 1985; KORF et al. 1986; PERENTES et al. 
1986). 

4.2 Astrocytomas 

The most valuable marker for normal and neoplastic astrocytes is GF AP (RAFF 
et al. 1979; BONNIN and RUBINSTEIN 1984). In astrocytomas, there is a general 
tendency for decreasing GF AP expression to accompany increasing dedifferen
tiation (TASCOS et al. 1982; VELASCO et al. 1980; JACQUE et al. 1979). This is 
well illustrated (Fig. 1 f) by the occasional finding in anaplastic gliomas of 
sharply delineated foci of small anaplastic subclones with complete lack of 
GF AP expression within more differentiated areas with correspondingly high 
levels ofGFAP (SCHMITT 1983a, 1983b). However, even in the most anaplastic 
variants of astrocytoma, there are some tumor cell clusters still expressing 
GFAP. On the other hand, in highly differentiated astrocytomas there is never 
GFAP-expression by 100% of the tumor cells. Occasionally, low grade astrocy
tomas demonstrate a surprisingly meager GF AP-expression whereas frankly 
malignant lesions may contain a high incidence of GF AP-positive tumor cells 
(KIMURA et al. 1986). Two immunohistological staining patterns are usually 
observed. Cytoplasmic staining with perinuclear accentuation is mostly found 
in protoplasmic and gemistocytic astrocytomas, in the astrocytic component 
of gangliogliomas (Fig. 2a), and in the bizarre giant cells of anaplastic astrocyto
mas. A diffuse staining of the fibrillary matrix corresponds to neoplastic cell 
processes in pilocytic and fibrillary astrocytomas. Small round cells with scanty 
cytoplasm and processes tend not to express GFAP. Rosenthal fibres are typi
cally found in pilocytic astrocytomas, but are occasionally encountered in other 
subtypes of astrocytic tumors (HWANG and BORIT 1982). They show a variable 
immunoreactivity for G F AP but a positively stained cytoplasmic rim is con
sistently visible (JANZER and FRIEDE 1981; SMITH and LANTOS 1985). Pale eosino-
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philic hyaline granules, structures of unknown origin and significance, are often 
present in pilocytic and fibrillary astrocytomas (SMITH and LANTOS 1985) and 
stain diffusely positive for GFAP. 

The expression of S-100 protein in astrocytomas is very similar to that of 
GFAP. Co-expression has been reported (KIMURA et al. 1986), with a similar 
staining pattern of perinuclear accentuation in gemistocytic lesions versus a 
preferential staining of cell processes in pilocytic and fibrillary astrocytomas. 
However, there is often an additional expression of S-100 protein in the nucleus 
of neoplastic astrocytes, especially in small tumor cells with scanty cytoplasm. 
A dissociation of immunoreactivity with preferential or selective expression of 
S-100 protein is found in the subependymal giant cell tumors associated with 
tuberous sclerosis (KIMURA et al. 1986), in glial hamartomas of the temporal 
lobe (Fig. 19) and, occasionally, in malignant astrocytic tumors. As for GFAP, 
a low S-100 protein content correlates with advanced dedifferentiation (JACQUE 
et al. 1979). 

Another useful marker is glutamine synthetase, an enzyme abundant in ex
traneural tissues like liver, but within the CNS restricted to normal, reactive 
and neoplastic astrocytes (PILKINGTON and LANTOS 1982). Co-expression with 
GF AP has been reported. The overall staining pattern is very similar to that 
found with GFAP and S-100 protein, including the tendency for decreasing 
expression with increasing dedifferentiation of the astrocytoma. However, there 
are some differences in the cellular staining pattern. Glutamine synthetase is 
expressed most heavily in the cytoplasm of protoplasmic astrocytes with a low 
content of glial intermediate filaments and to a lesser extent in the cell processes 
of fibrous astrocytes. 

The following markers are not specific for astrocytomas. Expression of NSE 
(mostly the alpha-, but to a lesser extent also the gamma-subunit) has been 
observed in all histopathological variants. In most astrocytic neoplasms, a small 
proportion of cells co-expresses NSE and GFAP, while in the majority of cells 
either NSE or GFAP is exclusively present (VINORES and RUBINSTEIN 1985). 
Vimentin, an intermediate filament protein of 57 kD, originally thought to be 
specifically expressed in mesenchymal cells (ALTMANNSBERGER et al. 1981), is 
consistently expressed in normal (CHID et al. 1981) and neoplastic (YUNG et al. 
1985) astrocytes. Its cellular staining pattern is very similar to that of GFAP. 
GF AP-positive cells in astrocytomas may also be positive for vimentin, but 
some vimentin-positive cells in astrocytomas are GFAP-negative (WAI-KwAN 
et al. 1985). Since vimentin is expressed early in astrogliogenesis (DAHL 1981; 
PIXLEY and DEVELLIS 1984), one could assume that its presence in astrocytomas 
indicates a lower degree of differentiation. However, this could not be estab
lished in larger series comparing GF AP and vimentin expression in human 
gliomas (SCIllFFER et al. 1986). 

Fibronectin expression in astrocytomas is controversial. In vivo studies have 
failed convincingly to demonstrate fibronectin in locations other than the extra
cellular matrix produced by leptomeningeal or blood vessel cells. A faint diffuse 
staining pattern with an intercellular distribution around neoplastic glial cells 
was interpreted as being due to vessel leakage (PAETAU et al. 1980; BELLON 
et al. 1985). However, neoplastic cells derived from astrocytomas definitely ex-
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press fibronectin in vitro, in addition to laminin and collagen (McKEEVER et al. 
1986). Within individual neoplastic glial cells, co-expression of fibronectin with 
GF AP, S-100 or NSE has never been observed. On the other hand, non-neoplas
tic astrocytes are able to produce fibronectin and laminin in vitro, and co
expression of fibronectin and GFAP within the cytoplasm of embryonic and 
early postnatal rat brain cells has recently been reported (LmsI et al. 1986). 
NFP and synaptophysin are not expressed in neoplastic astrocytes. Staining 
of entrapped axons is, however, frequently observed. 

4.3 Oligodendrogliomas 

Several marker proteins have been identified in human and rodent oligodendro
cytes, including galactocerebroside (RAFF et al. 1978), cyclic nucleotide phospho
diesterase (KIM et al. 1984), myelin-specific P2 (TRAPP et al. 1983) and proteoli
pid proteins (HARTMAN et al. 1982). However, these antigens are not consistently 
expressed in neoplastic oligodendrocytes. This is similarly true for myelin basic 
protein (MBP), myelin-associated glycoprotein (MAG) and carbonic anhydrase 
C (KUMPULAINEN et al. 1982; WELLER et al. 1985; NAKAGAWA et al. 1986). Al
though some oligodendrogliomas show patchy immunoreactivity for NSE and 
S-100 protein, these markers are neither reliable nor specific for this tumor 
type (WELLER et al. 1985; NAKAGAWA et al. 1986). 

GF AP immunoreactivity in oligodendrogliomas has been identified in three 
cell types. As in a variety of other CNS tumors, reactive astrocytes are found 
to be entrapped within the tumor or around the vascular mesenchymal stroma. 
These reactive astrocytes are characterized by their stellate morphology and 
abundant cytoplasm (NAKAGAWA et al. 1986). Neoplastic astrocytes with eccent
ric nuclei are mainly found in oligo-astrocytomas, often closely intermingled 
with GFAP-negative neoplastic oligodendroglial cells. In addition, about half 
of all oligodendrogliomas contain GFAP-positive neoplastic oligodendrocytes 
which may be scattered singly or in clusters throughout the tumor. These cells 
are categorized as neoplastic by their typical appearance, with centrally located 
nuclei surrounded by a small rim of immunoreactive cytoplasm (HERPERS and 
BUDKA 1984; NAKAGAWA et al. 1986). Although various interpretations have 
been put forward to explain the presence of GFAP-positive neoplastic cells 
with oligodendroglial morphology, most authors favour the hypothesis of 
HERPERS and BUDKA (1984), who related this feature to the transient ontogenetic 
GF AP expression by oligodendrocytes during myelinogenesis (CHO! and KIM 
1984). Alternatively, the possibility of a divergent differentiation based on the 
existence of a common bipotential glial pregenitor cell for astrocytes and oligo
dendrocytes (RAFF et al. 1983) has been discussed. 

The monoclonal antibody anti-Leu 7 (ABO and BALCH 1981), a marker for 
natural killer cells (HNK-1), recognizes a carbohydrate determinant present 
on a family of neural plasma membrane glycoproteins, including myelin-asso
ciated glycoprotein (MAG), the neural cell adhesion molecule (N-CAM), and 
the L1 and J1 glycoproteins (KRUSE et al. 1985). It is expressed in various 
components of the nervous system, including oligodendroglia (SCHULLER-PE-
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TROVIC et al. 1983). Consequently, anti-Leu 7 has been suggested as a useful 
marker for oligodendrogliomas (MOTOI et al. 1985). This was confirmed by 
PERENTES and RUBINSTEIN (1986) and NAKAGAWA et al. (1986) who tested a 
large series of oligodendrogliomas, as well as a variety of other neuroepithelial 
tumors. To a variable extent, up to 90% of oligodendrogliomas were stained 
with anti-Leu 7. Although not specific, it was much more abundant (in terms 
of the number of immunoreactive tumor cells) in oligodendrogliomas than in 
other gliomas, primitive neuroectodermal tumors and schwannomas (PERENTES 
and RUBINSTEIN 1985). Immunoreactivity is restricted to cell membranes and 
processes, in contrast to the intracytoplasmic immunoreactivity for GFAP. 
Thus, the demonstration of abundant cell-surface anti-Leu 7 immunoreactivity 
in combination with interspersed GF AP-positive neoplastic cells may be helpful 
in the diagnosis of oligodendroglial neoplasms. 

4.4 Ependymal and Choroid Plexus Tumors 

No marker antigen specific for normal or neoplastic ependymal cells has yet 
been identified. In analogy to fetal ependymal lining cells (ROESSMANN et al. 
1980), ependymomas focally express S-100 protein and GFAP (DUFFY et al. 
1979; WELLER et al. 1985; KIMURA et al. 1986; MIETTINEN et al. 1986), preferen
tially in the perivascular pseudorosettes (Fig. 1 e). In our experience, this distri
bution pattern, rather than the specificity of GF AP expression itself, is a helpful 
diagnostic feature. If perivascular pseudorosettes are not found, the multiplicity 
and variability of GF AP expression largely reduces its value as a single immuno
probe for ependymomas. In these cases, the additional expression of vimentin 
and the lack of immunoreactive cytokeratins may serve to discriminate ependy
momas from choroid plexus papillomas and metastatic carcinomas (MIETTINEN 
et al. 1986). 

Choroid plexus papillomas (CPP) are usually distinguishable from other 
intraventricular tumors (e.g., papillary ependymomas and metastatic adenocar
cinomas) by their distinctive his to architecture with a layer of isomorphic cuboi
dal or columnar epithelium resting on a fibrovascular stroma. Rare anaplastic 
variants and metastatic tumors may, however, lack these typical morphologic 
features and require immunohistochemical analysis for classification and ade
quate therapy. In accordance with their histogenetic origin from neuroepithelial 
(ventricular) precursor cells, choroid plexus neoplasms frequently show immu
noreactivity for S-100 protein (NAKAMURA et al. 1983; WELLER et al. 1985; COF
FIN et al. 1986; KIMURA et al. 1986). In rare cases, focal NSE expression has 
also been reported (VINORES et al. 1984; COFFIN et al. 1986). A high proportion 
of CPP contain either clusters or single GF AP~positive cells which are morpho
logically indistinguishable from adjacent epithelial cells without GF AP expres
sion (RUBINSTEIN and BRUCHER 1981; TARATUTO et al. 1983; MCCOMB and 
BURGER 1983; WELLER et al. 1985; COFFIN et al. 1986; MIETTINEN et al. 1986; 
GIANGASPERO et al. 1987). This finding has been interpreted as an indication 
of focal ependymal differentiation (RUBINSTEIN and BRUCHER 1981; TARATUTO 
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et al. 1983). The epithelial character of choroid plexus cells. is reflected by the 
expression of epithelial marker antigens. In contrast to ependymomas, most 
benign and malignant CPP contain cytokeratins (in particular the 'non-epider
mal' keratin types 8, 18, and 19) and the desmosome plaque proteins desmop
lakin I and II (COFFIN et al. 1986; MIETTINEN et al. 1986). In addition to these 
markers, anaplastic choroid plexus papillomas may also express the carcinoem
bryonic antigen (CEA) (COFFIN et al. 1986). 

Due to their specialized function in CSF production, normal and neoplastic 
choroid plexus epithelia contain high concentrations of carboanhydrase C (CAC) 
(ROUSSEL et al. 1979; KUMPULAINEN and KORHONEN 1982; WELLER et al. 1986), 
an enzyme engaged in active transport processes (MASUZAWA and SATO 1983). 
Immunohistochemical studies of a large series of primary and metastatic brain 
tumors (WELLER et al. 1985) have demonstrated that CAC immunoreactivity 
is conserved in all benign and malignant choroid plexus papillomas (Fig.2i), 
but absent in gliomas (including ependymomas) and metastatic carcinomas. 
CAC thus appears to be the most reliable and specific immunoprobe for choroid 
plexus neoplasms. 

4.5 Glioblastoma Multiforme 

All marker antigens detected in astrocytomas can also be expressed in the glio
blastoma multiforme (GBM), although usually with a lower percentage of im
munopositive cells and a reduced staining intensity. There is no evidence that 
the extent of GFAP expression in glioblastomas correlates with favorable prog
nosis. Although major portions of a GBM may not express any of the above 
mentioned markers, in our experience wider sampling will reveal some tumor 
cell clusters positive for GF AP or S-100. It is noteworthy that multinucleated 
giant cells often strongly express G F AP (Fig. 1 c) and S-100 protein, whereas 
the occasional giant cells in anaplastic oligodendrogliomas very rarely do so. 
The presence of giant cells in glioblastomas has been shown to be correlated 
with a somewhat better prognosis (BURGER and VOLLMER 1980). Receptors for 
epithelial growth factor (EGF) are found in up to 40% of tumor cells of glioblas
toma multiforme (LIBERMAN et al. 1984; NOBLE, personal communication), but 
the prognostic relevance of this finding is uncertain. In the gliosarcoma, the 
exact nature of the sarcomatous component is still controversial. There is agree
ment that its most likely cellular derivation is from the vascular wall of tumor 
vessels. Expression of endothelial cell markers (factor VIII-related antigen and 
Ulex europaeus I agglutinin) and of basement membrane components like la
minin and fibronectin in the sarcomatous component is consistent with an origin 
from the endothelial hyperplasia typically found in anaplastic gliomas (SCHIFFER 
et al. 1984; SLOWIK et al. 1985). Ultrastructural findings and the expression 
of smooth muscle myosin (KISHIW AKA et al. 1986) suggest the possible participa
tion of myofibroblasts, smooth-muscle cells, pericytes or fibroblasts in the gene
sis of the sarcomatous component of gliosarcomas. 
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4.6 Medulloblastomas and Related Primitive Neuroectodermal Tumors (PNET) 

Although the cerebellar medulloblastoma has for more than 60 years constituted 
a well defined clinical and histopathological entity, its histogenesis has long 
been disputed (for review see RUBINSTEIN 1975). It is now generally agreed 
that this neoplasm originates from a pluripotent matrix cell population. Some 
authors maintain that this is most likely to be the external granular layer of 
the cerebellum. Others have proposed the hypothesis that this tumor type is 
not restricted to the cerebellum but occurs at all levels of the CNS. Accordingly, 
the subependymal matrix cells should be regarded as precursor cell population. 
There is indeed evidence that medulloblastoma-like tumors occur in the cerebral 
hemispheres and it has been proposed (HART and EARLE 1973) that this group 
of embryonal neoplasms should be named primitive neuroectodermal tumors 
(PNET). The conceptual basis for this nomenclature is the assumption that 
PNETs share a common progenitor population, i.e. the subependymal matrix 
cells, and that their neoplastic transformation at various levels of the CNS 
leads to tumors with similar morphology and biology (RORKE 1983). Analogous 
to non-transformed matrix cells, PNET cells have the potential for neuronal, 
glial and ependymal differentiation. Although a tendency for various lines of 
differentiation has been noted in the past, only recent immunohistochemical 
techniques have allowed us to estimate more reliably the incidence and extent 
to which this occurs. 

Historically, neuronal differentiation has been most conspicuous, since neu
roblastic (Homer Wright) rosettes can easily be detected in a significant propor
tion of medulloblastomas. Immunocytochemical studies indicate that NSE con
stitutes a valuable marker for incipient neuronal differentiation (GIORDANA et al. 
1983; VELASCO et al. 1985; BURGER et al. 1987). In a recent evaluation of 133 
medulloblastomas (Table 2), we found sharply delineated islands of NSE-posi
tive cells (Fig. 2d) in approximately one third of the cases. Often, the nuclei 
of these cells had a more vesicular chromatin, occasionally with transition into 
ganglionic cell types. Medulloblastomas with more advanced neuronal differen
tiation showed clearly identifiable ganglionic cells and these often expressed 
neurofilament protein, predominantly in the cell processes but occasionally also 
in the perikaryon (Fig. 1 e). This is in accordance with the findings of VELASCO 
et al. (1985) but at variance with those of ROESSMANN et al. (1983) and FRIEDMAN 

Table 2. Differentiation in medulloblastomas 

Neuroblastic rosettes 
- With ganglioid cells 
Neuron-specific enolase (NSE) positive clusters 
- With neuroblastic rosettes 
- Without neuroblastic rosettes 
GFAP-positive neoplasic astrocytes 
Desmoplastic variant 

36% 
13% 

35% 
58% 
42% 

10% 
11% 

133 Cases of the ongoing SlOP/GPO MED 84 study. For details see BURGER 

et al. (1987) 
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et al. (1985) who reported positive NFP staining in small undifferentiated cells 
whose neuroblastic or neuronal nature was not obvious from their appearance 
in conventionally stained histological sections. In our experience, there is a 
continuous line of neuronal differentiation, the earliest characteristic being the 
focal expression of NSE and formation of neuroblastic rosettes, followed by 
the appearance of ganglioid cells and, eventually, the expression of NFP 
(BURGER et al. 1987). 

Glial differentiation in the medulloblastoma is much more difficult to define. 
Since specific and reliable markers have not been identified for neoplastic oligo
dendrocytes and ependymal cells, GFAP is at present the only marker that 
allows the estimation of glial differentiation in primitive neuroectodermal tu
mors. Most medulloblastomas contain GFAP-positive cells but the distinction 
of neoplastic versus reactive cells can be very difficult, particularly when these 
are sparsely dispersed within the neoplasm. Accordingly, the reported incidence 
of glial differentiation ranges from absent or very uncommon (COFFIN et al. 
1983; SCHINDLER and GULLOTTA 1983) to 50% (ROESSMANN et al. 1983) and 
more (PASQUIER et al. 1983; PALMER et al. 1981). In our view, the typing of 
GFAP-positive cells in medulloblastomas as proposed by MANNon et al. (1981) 
is quite useful. These authors define neoplastic G F AP-positive cells as morpho
logically identical to the ordinary medulloblastoma cell with a hyperchromatic 
nucleus and a very scanty cytoplasm (Fig. 2 f). Reactive, entrapped astrocytes 
show a sparse chromatin and well-developed cytoplasmic processes. In addition, 
there is an intermediate type with fairly rich cytoplasm but short, plump cell 
processes and it is assumed that at least some of these cells are neoplastic. 
When we applied these stringent criteria to a large series of medulloblastomas 
(Table 2), we found unequivocal evidence of GFAP expression by neoplastic 
cells in only 10% of cases, and this figure agrees well with the findings of 
MANNon et al. (1981), SCHINDLER and GULLOTTA (1983) and KUMANISHI et al. 
(1985). We could not confirm the observation of HERPERS and BUDKA (1985) 
that the occurrence of GFAP-positive neoplastic cells is restricted to the desmo
plastic variant. In contrast to neuronal differentiation, GF AP expression by 
medulloblastoma cells is usually restricted to a few foci of dispersed cells, with 
no evidence of a progressive differentiation into mature astrocytes. 

4.7 Tumors of the Peripheral Nervous System 

The only reliable tumor marker for Schwann cell-derived tumors is S-100 pro
tein. Only the beta-subunit, but not the alpha-subunit is present in these neo
plasms (ISOBE et al. 1984). The marker is expressed in all benign schwannomas 
and neurofibromas and in the majority of malignant Schwann cell tumors (WEISS 
et al. 1983; DAIMARU et al. 1985) in a diffuse cytoplasmic and nuclear distribu
tion, generally with a stronger expression in Antoni A than in Antoni B areas. 
The same is true for the occasional Schwann cell tumors, which are NSE-positive 
(NAKAJIMA et al. 1984). Fibronectin and laminin can be demonstrated in the 
basement membrane surrounding the tumor cells (GIORDANA et al. 1985). Myelin 
basic protein and myelin-specific P2 are usually absent in Schwann cell tumors 
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(CLARK et al. 1985). The presence ofaxons, as demonstrated by neurofilament 
staining, may be of help in the differential diagnosis of spindle cell tumors. 
Rhabdomyoblastic differentiation in malignant schwannomas (Triton tumor) 
can be verified with anti-myoglobin antibodies. 

4.8 Meningiomas 

Meningiomas have been histogenetically linked to arachnoidal cap cells (KEPES 
1986). Despite the existence of diverse morphological subtypes, all meningiomas 
have common immunohistochemical characteristics that parallel those of their 
putative non-neoplastic progenitor cells. Meningeal neoplasms share morpho
logical features of mesenchymal and epithelial tissues and this is reflected by 
the co-expression of markers for epithelial and mesenchymal cells. All meningio
mas so far tested showed cytoplasmic and membrane-bound immunoreactivity 
for epithelial membrane antigen (EMA) (THEAKER et al. 1986; KEPES 1986), 
a glycoprotein marker of epithelial and mesothelial differentiation (PINKUS and 
KURTIN 1985). Similarly, meningiomas consistently exhibit a strong positive 
reaction for the major antigenic constituents of desmosomal plaques, desmo
plakin I and II, another distinctive diagnostic feature of epithelium-derived tu
mors (MOLL et al. 1986). Desmoplakin staining yields a fine punctuate pattern 
confined to cell borders, and ultrastructural immunolocalization has pinpointed 
reactivity to desmosomal junctions (KARTENBECK et al. 1984; SCHWECHHEIMER 
et al. 1984). 

Although initial reports have emphasized the exclusive expression of vimentin 
in meningiomas (KARTENBECK et al. 1984; SCHWECHHEIMER et al. 1984; HALLI
DAY et al. 1985), this concept has subsequently been challenged by an increasing 
number of observations suggesting a more complex pattern of intermediate 
filament expression. Although it remains undisputed that fibrillary cytoplasmic 
vimentin immunoreactivity is present in virtually all meningiomas and thus 
represents the principal cytoskeletal component (KARTENBECK et al. 1984; 
SCHWECHHEIMER et al. 1984; HALLIDAY et al. 1985; THEAKER et al. 1986), some 
authors have also detected focal immunostaining for cytokeratins, in particular 
adjacent to so-called pseudopsammoma bodies (YUNG et al. 1984; THEAKER 
et al. 1986). Double-labeling studies have localized cytokeratin and vimentin 
expression to different cells (THEAKER et al. 1986). Recently, even triple expres
sion of vimentin, GF AP and cytokeratin was reported in a case of malignant 
papillary meningioma (BUDKA 1986). These studies, however, are outnumbered 
by those which failed to demonstrate expression of cytoskeletal components 
other than vimentin, including cytokeratins (SCHLEGEL et al. 1980; KARTENBECK 
et al. 1984; SCHWECHHEIMER et al. 1984; HALLIDAY et al. 1985), desmin (KAR
TENBECK et al. 1984; SCHWECHHEIMER et al. 1984), NFP (KARTENBECK et al. 
1984; SCHWECHHEIMER et al. 1984) and glial filaments (TASCOS et al. 1982). Since 
some of these negative results have been substantiated by immunoblot analyses 
(KARTENBECK et al. 1984; SCHWECHHEIMER et al. 1984; HALLIDAY et al. 1985), 
the issue remains at present unresolved. 

8-100 protein which is rather uniformly expressed in schwannomas, has also 
been focally detected in meningiomas (NAKAMURA et al. 1983; THEAKER et al. 
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1986) and thus does not contribute significantly to the differential diagnosis 
of these two most frequent types of extracerebral intracranial neoplasms. Base
ment membrane antigens (laminin, fibronectin, type IV and V collagen) which 
are also abdundant in schwannomas were found to be largely restricted to 
vessel walls, whorl formations and psammoma bodies in meningiomas (KOCHI 
et al. 1983; BELLON et al. 1985; GIORDANA et al. 1985; MCCOMB and BIGNER 
1985). 

In view of the consistent expression of mesenchymal (vimentin) and epithelial 
(epithelial membrane antigen, desmoplakin) markers in normal and neoplastic 
meningothelial cells, combined probing for these antigens probably represents 
the most valuable tool presently available to discriminate rare anaplastic or 
atypical meningiomas from other primary or secondary leptomeningeal neo
plasms, such as metastatic carcinomas, gliomas and schwannomas. There are 
only two other examples of an apparent potential for epithelial differentiation 
in tumors of presumed mesenchymal origin, i.e., mesotheliomas and synovial 
sarcomas (CHURG 1985; SALISBURY and ISAACSON 1985). 

5 Immunohistochemical Determination of Proliferating Cells 

Since the most prominent feature of cells undergoing malignant transformation 
is a loss of growth control, pathologists have always been eager to estimate 
the rate of cell proliferation in biopsies from human neoplasms, in particular 
in slowly growing but ultimately recurring lesions of the CNS. However, the 
mitotic index cannot be regarded as a reliable parameter since the mitotic phase 
accounts for less than 10% of the total cell cycle time, and during the interval 
between tissue removal and fixation, cells may complete mitosis without new 
cells entering the mitotic phase. Alternative methods have, therefore, been used 
which give a more reliable estimation of tumor cell proliferation, e.g. tritiated 
thymidine incorporation in vivo (HOSHINO and WILSON 1979), flow cytophotom
etry (for review see SPAAR et al. 1986) and immunohistochemical localization 
of bromodeoxyuridine (YOSHII et al. 1986). 

GERDES and co-workers (1983, 1984, 1985) have developed the monoclonal 
antibody Ki-67 which recognizes a nuclear antigen expressed in the G 1 , G2 , 

Sand M phases of the cell cycle. Only resting cells (Go phase) are consistently 
negative for Ki-67. The use of this antibody is at present restricted to frozen 
sections since immunoreactivity is lost during fixation. Estimation of the growth 
fraction of CNS tumors, as determined by Ki-67 immunoreactivity, can be 
easily performed and yields reliable data even in tumors with a very low cell 
turnover, e.g. pilocytic astrocytomas, schwannomas and pituitary adenomas. 
In a recent report on 40 neoplasms of the nervous system (BURGER et al. 1986), 
the highest incidence of stained nuclei was found in a metastatic carcinoma 
(57%). The percentage of stained cells in gliomas correlated with their histologic 
grading and known biological behavior, the lowest values being found for pilo
cytic astrocytomas and the highest for the glioblastoma multiforme. In fibrillary 
astrocytomas, there was a good correlation between the Ki-67 index and the 
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Table 3. Ki-67 Expression in intracranial tumors 

Diagnosis n Range Mean 

Metastatic carcinoma 6 2.2-56.7 23.4 
Medulloblastoma 10.2 10.2 
Glioblastoma 32 1.3-27.6 10.9 
Astrocytoma, anaplastic 3 1.6- 4.7 3.3 
Astrocytoma 7 0.6- 3.2 1.7 
Oligodendroglioma 11 0.7- 4.9 1.9 
Oligo-astrocytoma 3 1.3- 2.9 2.1 
Meningioma 11 0.2- 4.0 1.8 
Ependymoma 4 0.2- 1.5 1.1 
Astrocytoma, pilocytic 6 0.4- 1.4 0.9 
Pituitary Adenoma 32 0.2- 3.7 1.1 
Schwannoma 3 0.2- 2.7 1.0 

Data are given as percentage of Ki-67 positive nuclei. Modified from BURGER 
eta!. (1986) 
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degree of nuclear polymorphism. Since this report was published, additional 
cases have been examined (Table 3). The wide range of Ki-67 immunoreactivity 
in the glioblastoma multiforme was particularly striking. At the lower end, 
these lesions did not differ from benign astrocytomas. There was no apparent 
correlation with the histology of these tumors and it remains to be shown, 
whether these differences in the growth fraction of glioblastomas correlate with 
patient survival. Recent investigations by ZUBER et al. (1987) and GIANGASPERO 
et al. (1987) corroborate these findings, with Ki-67 indices for the glioblastoma 
ranging from less than 2% to 32%. As expected, pituitary adenomas were 
shown to have a low percentage of Ki-67-positive cells but a recent survey 
of 31 cases (LANDOLT et al. 1987) showed a considerable variation. Low values 
were present in 11 endocrine inactive adenomas (0.1-1 %), higher values in 
6 patients with Cushing syndrome (1.1-1.5%), whereas 12 prolactinomas cov
ered the entire range from 0.2 to 3.7%. Invasive adenomas demonstrated signifi
cantly higher values than non-invasive neoplasms. 

6 Concluding Remarks 

The immunohistochemical assessment of neural marker antigens has become 
an integral part of the histopathological diagnosis of nervous system neoplasms. 
Antibodies presently available for routine application are directed towards cell 
constituents present in both normal and neoplastic neural cell lineages. They 
contribute to the determination of the histogenetic origin of neoplasms and 
their distinction from extraneural epithelial and mesenchymal tumors. However, 
there are no markers that assist in tumor grading and in the distinction of 
normal and reactive glial cells from highly differentiated, invading gliomas. 
Future efforts should be directed towards the development of antibodies that 
make these distinctions possible. 
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1 Introduction 

In diagnostic virology, isolation of viruses by culturing infectious material and 
serological immunoassays have usually met the clinical needs for: 
1. accurate identification of the infectious agent, 
2. definition of the state of the disease (acute, convalescence, recovery), 
3. information on the infectiousness of patients, 
4. monitoring the immune status of patients, 
5. estimation of the prognosis (KINGSBURY and F ALKOW 1985). 

Traditional morphological methods (light microscopical recognition of cyto
pathic effects, ultrastructural detection of virus particles, SEIFERT et al. 1984) 
usually fail to fulfill these clinical demands. Very recently, DNA hybridization 
probes have been applied in order to detect viral genomes in cells, tissues and 
biological fluids (McDOUGALL et al. 1985, 1986; HAASE 1986; SCHUSTER et al. 
1986; LONING et al. 1986a, b). This methodology - initially carried out on 
filters after extraction and dissection of nucleic acids (HAMES and HIGGINS 1985) 
- has gained particular importance for in situ recognition of infectious cells. 
These techniques are even more relevant in tumor virology, since for some 
oncogenic viruses (e.g. hepatitis B, papillomaviruses) cell culture studies are 
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Table 1. Virus infection and human oncogenesis 

Virus Tumor Cofactor 

HTLV 1 Adult T-cell leukemia ? 

EBV Burkitt lymphoma Malaria 
Nasopharyngeal carcinoma plant extracts 

HBV Hepatocellular carcinoma aflatoxins, alcohol, 
malnutrition 

HPV Squamous cell carcinomas UV, tobacco, alcohol, 
HSV? 
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Putative oncogenic events 

tat gene activation 

chromosomal rearrangement 
? 

? 

E 6-gene activation 

not feasible, and for the particular tumor patient under study, antibody titres 
may not be detectable because of supressed Ig production or virus infections 
hidden in the tissues in a silent form without release of appropriate amounts 
of antigens. From the practical diagnostic viewpoint, two categories of viruses 
and virus-associated tumors may be distinguished: 
1. Tumors with a high degree of virus replication (e.g. human T lymphotropic 

viruses (HTLV) - Epstein-Barr virus (EBV) - associated tumors) and forma
tion of viral antigens, which can be maintained in vitro and which elicit 
measurable antibodies in vivo. 

2. Low(non-)productive tumors (e.g. papillomavirus-/hepatitisB-associated car
cinomas), which can not be grown in vitro and which do not provoke high 
titres of antibodies against viral antigens in vivo (Table 1). 
Of course, for a given disease, demonstration of infectious organisms does 

not necessarily give the answer as to the pathogenicity of these findings. Interpre
tation needs to be even more cautious in the complicated case of the initiation, 
maintenance and progress of neoplasia. However, in this chapter, the primary 
concern is not directed at the current evidence of oncogenicity of viruses, which 
is rather circumstantial in most instances, but to the diagnostic and prognostic 
value of the assessment of virus infection. 

2 Methods 

In the field of viral pathology, conventional light and electron microscopy and 
in particular immunocytochemistry represent interesting tools for the recogni
tion of productive virus infections (ALMEIDA 1980; CHERNESKY and MAHONY 
1984). For tumors, however, major technical advances rely upon the introduc
tion of the molecular virological detection of foreign DNA/RNA by means 
of hybridization with cloned nucleic acid probes containing the whole genetic 
information or subgenomic segments (SHKLAR 1985; PFISTER 1986). 

At the very beginning of this process, viral probes have to be labeled. Radio
active probes labeled with tritium, sulphur, phosphorus, remain the first choice 
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because of their high sensltlVlty (EDBERG 1985; KULSKI and NORVALL 1985). 
Biotin, fluorochromes, haptens are further labels, which are now used with 
great success, and which certainly better meet the demands of most pathological 
laboratories, since these probes can be stored and handled without the hazard 
of radioactivity (MYERSON et al. 1984; EDBERG 1985; McDoUGALL et al. 1985). 
Viral probes are now even commercialized in the biotinylated form (Enzo, N.Y., 
see SEIFERT et al. 1984). Thus, my technical comments are strictly confined to 
the handling of tissues, the hybridization itself and the detection systems, which 
- at least in our experience - can be rapidly and reliably conducted in the 
routine situation of surgical pathology. Under routine conditions, pathologists 
can probably not afford the more sophisticated methods of DNA (Southern 
blot) and RNA (Northern blot) detection, but they are able to establish in 
situ, and filter techniques in the simplified form of dot (slot) blot hybridization 
(KULSKI and NORVALL 1985; HAMES and HIGGINS 1985). 

Since these techniques attract the attention of more and more cytologists, 
our working formulae are described here. 

2.1 DNA Extraction 

In our experience, dot blot hybridization works better with DNA extracted and purified before 
hand from surgical samples or cytological scrapings/washings, since the very small channels of the 
manifold in our vacuum device (Schleicher and Schuell, Dassel, FRG) block up very easily with 
tissue fragments or cells. For DNA extractions, tissue samples of 0,2-1 g are homogenized with 
3 ml TE buffer (10 mM Tris-HCl, pH 8.1 , 1 mM EDTA) by an ultraturrax (IKA, Janke + Kunkel, 
Staufen, FRG). After addition of 1 ml lysis buffer (2% sodium dodecyl sulfate, 70 mM Tris-HCl, 
pH 8.1 , 25 mM EDTA), the mixture is incubated overnight at 370 C with 100 J.Ig/ml proteinase 
K (Merck, Darmstadt, FRG). Then the nucleic acids are purified by extraction with phenol (2 x ) 
and chloroform/isoamyla1cohol (24: 1, 3 x), and RNA is degraded with 5 J.Ig/ml ribonuclease B 
(Sigma, St. Louis, Mo, USA). DNA is precipitated with 0.1 vol 3 M Na-acetate and 2.5 vols ethanol 
for 1 h at -700 C, harvested by centrifugation for 60 min at 15000 rpm (-150 C), lyophilized and 
redissolved in 1 ml 0.1 mM EDTA (Fig. 1). 

Ullrulurrax 

FILTER HYBRIDIZATION 

" .... U "."""", . 1 1 U I.I~~ U 
~ 

Fig. 1. Tissue processing for DNA extraction and filter hybridization 
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DOT BLOT HYBRIDIZATION 

ni trocellulose I 
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or 

~----------------- avidin-enzyme-substrate
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Fig. 2. Spotting and hybridization of cellular DNA 

2.2 Dot Blot Hybridization 

Aliquots containing 1-20 Ilg DNA are placed into the wells of a minifold apparatus (Schleicher 
and Schuell) (Fig. 2) and absorbed to the nitrocellulose membrane (BA 85, Schleicher and Schuell) 
by suction. The DNA is denatured by placing the membrane for 5 min on a filter paper saturated 
with 1.5 M NaCI, 0.5 M NaOH, and neutralizing it for 5 min on another filter saturated with 3 M 
Na-acetate, pH 5.5. Then the air-dried nitrocellulose membrane is baked for 1 hat 80° C. 

Prehybridization is carried out for 1-3 h at 420 C in the following solution: 5 x SSC (1 x SSC = 

0,15 M NaCI, 0.015 M Na-citrate, pH 7.0), 50 mM Na-phosphate, 50% formamide, 0.1 % sodium 
dodecyl sulfate (SDS), 0.1 % bovine serum albumin (BSA), 0.1 % ficoll, 0.1 % polyvinyl-pyrollidone, 
250 Ilg/ml sheared and denatured herring sperm DNA. The hybridization is conducted overnight 
in the same solution containing 50-100 ng/ml of the respective eDNA probe labeled with biotin 
(e.g. deoxy Bio-probe, Enzo, New York, USA), which was denatured beforehand for 10 min at 
100° C and chilled on ice. After hybridization, the filter is washed in several changes of 2 x SSC, 
0.1 % SDS at room temperature, then for 30 min at 55° C in two changes of 0.1 x SSC, 0.1 % SDS. 

For visualization of the hybridized biotinylated DNA, the Blue Gene-kit (BRL, Eggenstein, 
FRG) containing a streptavidin-alkaline phosphatase conjugate and the substrates nitro blue tetrazo
lium (NBT) and 5-bromo-4-chloro-3-indolylphosphate (BCIP) is used. 

2.3 In Situ Hybridization 

Of course histopathologists usually prefer to look at cells and tissues rather than at spots. In recent 
years, hybridization protocols were created which allow detection of viral nucleic acids even in 
paraffin-embedded material (BRIGATI et al. 1983; MYERSON et al. 1984; LONING et al. 1986b). Our 
present protocol is described here briefly for frozen as well as paraffin sections: 

Frozen sections are air-dried, fixed in methanol/acetic acid (3: 1) for 3 min, immersed in boiling 
phosphate-buffered saline (PBS, pH 7.4) for 15 s, and cooled in ice water. RNAs are degraded 
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by treatment with 100 J.lg/ml ribonuclease B from pancreas (Sigma) and 100 units/ml ribonuclease 
T 1 from Aspergillus oryzae (Sigma) for 1 h at room temperature. After a second fixation in methanol 
for 3 min, the sections are air-dried. 

Paraffin sections are adhered on poly-o-Iysin-coated glass slides. Sections are dewaxed in xylene, 
rehydrated and treated sequentially with 0.02 N HCI, 0.01 % Triton X-l00 in PBS, 1 mg/ml Pronase 
E (Calbiochem, Frankfurt, FRG) in 0.05 M Tris-HCI, pH 7.6, 5 mM EDTA, 100 !!g/ml ribonuclease 
B from pancreas (Sigma), and 100 units/ml ribonuclease T 1 (Sigma) in PBS, 100 !!g/ml avidin 
(Sigma) in PBS, and 4% paraformaldehyde in PBS. After washing in PBS, the sections are dehydrated 
and air-dried. 

For hybridization, each section is covered with 20!!1 of the following hybridization solutions: 
2 x SSC, 45% (v/v) formamide, 10% (w/v) dextran sulfate, 0.1 mg/ml herring sperm DNA, and 
1.5-2.5 J.lg/ml biotinylated cDNA (HPV probes were kindly provided by Professor Dr. H. ZUR HAU
SEN, Heidelberg, FRG, HIV probes were a generous gift of Dr. H.J. BUHK, Robert Koch Institute, 
Berlin, Bio-Probes TM for HSV, CMV, EBV and HBV were purchased from Enzo, New York, 
USA). Section and DNA probes are denatured together in a 90° C water bath for 10 min, then 
hybridized overnight at 3r c. After hybridization, the sections are washed 2 x 10 min in 1 x SSC, 
20% formamide at 36° C (non-stringent conditions) or in 1 x SSC, 45% formamide, 42° C (stringent 
conditions). Then, a further washing is conducted for 3 x 5 min in 2 x SSC at room temperature. 

For the detection of the biotinylated DNA, the sections are incubated for 1 h at 37° C with 
rabbit anti-biotin-antibodies (Enzo) diluted 1: 100 in 2 x SSC + 1 % BSA. After extensive washing 
in 2 x SSC, they are incubated with a 1 :200 dilution of biotinylated anti-rabbit-IgG (Vector, Bur
lingame, CA, USA) for 1 h at 37° C, followed by washing and a 1: 500 dilution of avidin-alkaline 
phosphatase (Bresa, Adelaide, Australia) in 100 mM Tris-HCI, pH 7.5, 1 M NaCI, 2 mM MgClz, 
0.05% Triton X-lOO for 1 h at 37° C. After further thorough washings in 100 mM Tris-HCI, pH 
9.5, 1 M NaCI, 5 mM MgClz, the sections are incubated with 0.3 mg/ml nitro blue tetrazolium 
and 0.2 mg/ml 5-bromo-4-chloro-3-indolyl phosphate in 100 mM Tris-HCI, pH 9.5, 100 mM NaCI, 
5 mM MgCI2 for 15 min in the dark. In order to inhibit endogeneous alkaline phosphatase activity, 
1 J.lI/mllevamisole (Sigma) is added to the substrate solution. The colour reaction is blocked with 
10 mM Tris-HCI, pH 7.5, 1 mM EDT A, and the sections are photographed without and with counter
staining. 

3 Non-Hodgkin Lymphoma (NHL) and Its Association 
with DNA and RNA Viruses: EBV (Epstein-Barr Virus) 
and HTLV (Human T Cell Lymphotropic Viruses) 

3.1 Oncogenic DNA Viruses (EBV) 

Although a common etiological denominator of NHL is not known as yet, 
and arguments are found for all the major concepts of human oncogenesis 
(spontaneous somatic mutations, physical (radiation), chemical or viral agents), 
this tumor group has especially attracted the interest of virologists since 
members of the herpes virus group were discovered to be associated not only 
with lympho-proliferative diseases in primates, but also in humans (KLEIN 1982). 
The historical hallmark was the epidemiological observation of high grade lym
phomas as endemic in children of Central Africa (BURKITT 1958), and the later 
recognition that EBV infection is also usually found in those children and their 
tumors in 80-90% of cases (HENLE and HENLE 1967; KLEIN 1982; ZUR HAUSEN 
1985). The early enthusiasm later declined with the finding that EBV is only 
involved in 20-30% of similar lymphomas of American or European origin 
(ZUR HAUSEN 1985). It is the present belief that even in African Burkitt lympho-
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mas, EBV is only one actor on the whole stage of B lymphocyte transformation 
and clonal outgrowth. Recent findings point to three steps of tumor development 
(KLEIN 1982; KLEIN and KLEIN 1986): 

1. Primary EBV infection. 
2. Enhanced cell proliferations via exogeneous co factors (e.g. malaria), which 

- putatively - suppress or switch off immunological growth control mechanisms. 
3. Specific chromosomal events: translocation of the distal arm of chromo

some 8 to the chromosomes 14, 2 or 22. 8: 14 translocation leads to a close 
spatial relationship of the c-myc oncogene (located on the chromosome 8 frag
ment) and the genes for the heavy chain Igs, which are situated at the breakpoint 
region of chromosome 14. It is tempting to speculate that c-myc activation 
emerges from this special type of translocation (FUKUHARA and UCRINO 1983; 
HAMLYN and RABBITTS 1983; McINTOSH et al. 1983). Again, the impact of EBV 
infection on chromosomal instability and malignant transformation is far from 
being understood. In patients with sporadic Burkitt lymphomas, 8: 14 transloca
tion was seen without any sign of EBV infection, and even in NHL other 
than lymphoblastic lymphomas of the Burkitt type (e.g. follicular centrocytic
centro blastic lymphomas) chromosome 14 was seen to be a major acceptor 
site for genomic material from chromosome 8 or other chromosomes (YUNIS 
et al. 1982; BLOOMFIELD et al. 1983; GAHRTON et al. 1984). 

The biological scenario of diseases of the lymphoid system associated with 
EBV is outlined in the following issues: 

1. In young adults, an overt, self-healing EBV infection of B-Iymphocytes 
is well known and called infectious mononucleosis. This benign lymphoprolifera
tive disease takes the usual course of a virus infection including a prodromal 
phase of virus entrance (via C3d receptors, WEIS et al. 1986), the acute phase 
with massive virus production and release from B-Iymphocytes eliciting high 
IgM titres against viral antigens, and the convalescent phase with increasing 
and, later on, persistent IgG titres for EA (early antigen), VCA (viral capsid 
antigen), MA (membrane antigen), and EBNA (Epstein Barr nuclear antigen). 
Extrachromosomal persistence and random integration of viral DNA takes place 
and leads to a life-long latency state in B lymphocytes of all affected individuals 
(Fig. 3). In West-Germany, 80% of all adults carry antibodies as a sign of 
previous EBV infections (ZUR HAUSEN 1981, 1985). After long observation peri
ods of up to 30 years, EBV-infected individuals were reported to carry a slightly 
increased risk of developing malignant lymphomas (CONNELLY and CHRISTINE 
1974; ROSDAHL et al. 1974; MUNOZ et al. 1978). 

2. Patients with Burkitt lymphomas follow a rapid and fatal course of tumor 
progress without treatment. High IgG titres are found for all major EBV anti
gens. The most reliable signs of virus persistence are the demonstration of nucle
ar antigens (EBNA) and/or viral DNA in tumor cells. Integrated and extrachro
mosomal viral DNA can be observed within the tumor (ZUR HAUSEN 1981). 

3. Further associations of EBV infections were reported on for primary 
lymphomas of the central nervous system (ZIEGLER 1982; HOCHBERG et al. 1983) 
and for lymphomas of North American homosexuals (MAGRATH 1984). Again, 
persistence of the viral genome, appearance of EBNA in tumor cells, and the 
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Fig. 3. EBV-DNA harbouring peripheral blood cells (renal transplant recipient). In situ hybridization 
with a biotinylated EBV probe. x 500 

detection of high serum antibody titres for EBV antigens gave rise to the assump
tion of EBV being one etiological candidate. 

3.2 Oncogenic RNA Viruses (HTLV) 

Since the discoveries of RODS (1911) RNA viruses have turned out to be the 
"classical" source of oncogenic infectious agents, which cause a wide spectrum 
of sarcomas and numerous neoplasias of the hematopoetic system (including 
lymphomas), an etiological linkage which even follows the rigorous rules of 
Koch's postulates - at least for the animal system - (BISHOP 1982; LACEY 1986; 
GALLO 1986). Those animal studies led to major insights into at least some 
of the principles of virus-associated tumor formation (GALLO 1982; GALLO and 
WONG-STAAL 1982; WONG-STAAL and GALLO 1985): 

1. In acute leucemias, viruses carry their own oncogenes into the host ge
nome. Those oncogenes are the transforming counterparts of normal cellular 
genes, which - in part - are responsible for the control of normal growth 
and differentiation (SLAMON et al. 1984; WEINBERG 1985; LACEY 1986). Tumor 
induction will follow independent of the integration site of the oncogene-har
bouring viral DNA. 

2. In chronic leucemias, viral promotor sequences (probably located within 
the long terminal repeats) activate cellular oncogenes. Tumor induction needs 
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Fig. 4. HIV infected T cell line (H9). In situ hybridization with a biotinylated HTL V III probe 
reveals positive syncytia. x 500 

conserved integration sites in order to bring the viral promotor region next 
to the cellular oncogene and to influence its function. 

3. In some lymphomas, the inserted viral genome codes for regulatory pro
teins, which are responsible for persistent activation of at least parts of the 
viral genetic information, and which - in addition - influence the expression 
of growth conditioning proteins of the host. 

In the last five years, the studies of GALLO and associates (see for review: 
WONG-STAAL and GALLO 1985) have attracted particular attention, because 
- for the first time - distinct types of retroviruses (HTLV-human T celllympho
tropic viruses) were found to be closely linked to human T cell leukemiasj 
lymphomas. HTL V isolates were obtained from tumor cells of patients with 
Mycosis fungoidesjSezary syndrome (BUNN et al. 1983), of individuals with adult 
T cell leukemia (ATL) in endemic regions of South-Western Japan, the Carib
bean Islands, and Southern Italy (isolates commonly called HTLV 1, GALLO 
1986), of patients with hairy cell leukemia (called HTLV 2, KALYANARAMAN 
et al. 1982) and from peripheral blood cells of patients with the acquired immune 
deficiency syndrome (AIDS, isolates commonly termed (HIV jHTL V 3, BARRE
SINOUSSI et al. 1983; POPOVIC et al. 1984) (Fig. 4). These HTL V's (HTL V 1,2,3,4) 
are now defined according to size and structure, nucleic acid homology, the 
supposed pathogenic principles (e.g. transacting transcriptional activity con
trolled by the viral tat-gene: transactivation of cellular genes for interleukin 
2 and its receptor, WONG-STAAL and GALLO 1985), the cellular tropism (helper 
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T lymphocytes), and action (HTLV 1,2 infections leading to unlimited cell 
growth, HIV infections causing cell death) (GALLO 1986; GELDERBLOM and 
PAULI 1986). The final outcome of HIV infected patients with AIDS is not 
only governed by recurrent opportunistic infections, but also by the development 
of peculiar sarcomas (Kaposi sarcomas: MOSKOWITZ et al. 1985), and high grade 
malignant lymphomas (Lancet Editorial 1986). Cytomegalovirus DNA (in 
Kaposi sarcomas: FENOGLIO et al. 1982; McDoUGALL et al. 1985; LONING and 
MILDE 1986) and Epstein Barr virus DNA (in malignant lymphomas: Lancet 
Editorial 1986) have been seen to occur sporadically in those tumors, whereas 
the presence of HIV has not been unequivocally proved as yet (WONG-STAAL 
and GALLO 1985) (Fig. 5). 

Further studies must also be awaited before the etiological relevance of 
serological findings of antibodies against HTL V antigens in other NHL includ
ing even chronic lymphocytic leukemia can be ascertained (GALLO 1982; 
BLATTNER et al. 1983). 

The same reservations must be attached to the observation of retrovirus
related proteins in a cell line derived from diffuse histiocytic (large cell) lym
phoma (GOODENOW et al. 1982). Of course, the discovery of the HTLV's throw 
some light on older epidemiological studies, which stimulated speculations as 
to an infectious etiology of NHL. Family clustering has been noted in particular 
for cases of chronic lymphocytic leukemias, and also for other lymphomas/ 
leukemias (GUNZ etal. 1975; BLATTNER etal. 1976; WINTROBE etal. 1981; 
BOWEN et al. 1982). KIM and associates (1982) reported increased frequencies 
of lymphomas in couples. However, it is again EBV which remains a potential 
etiological candidate, too. Thus, in some cases of lymphomas linked to the 
X-chromosomal recessive lymphoproliferative syndrome, EBV-related DNA 
was described to be present (PURTILO et al. 1977; PURTILO 1980). 

4 Hepatocellular Carcinoma and Its Association 
with Hepadnaviruses 

The hepadna virus family comprises the human hepatitis B virus (HBV), similar 
viruses of woodchucks and Beechey ground squirrels in North America, and 
the duck hepatitis virus of Pekin ducks in China, Japan, and the United States 
(SUMMERS et al. 1978; MARION et al. 1980; MASON et al. 1980; ROBINSON 1980). 

Persistent infections with these viruses are common and may result in chronic 
hepatitis, cirrhosis, and primary hepatocellular carcinomas (PHC, SZMUNESS 
1978). In woodchucks and humans, epidemiologic evidence of the association 
of HBV infection and PHC is very strong (BEASLEY et al. 1981; POPPER et al. 
1981), and for humans, this association is more striking than for any other 
virus-related cancer. 

Immunocytochemical studies directed to tumor-burden liver tissues of sero
positive patients (HBs-Ag+) revealed non-tumorous liver cells to be positive 
for HBsAg and for HBcAg, but most often failed to detect viral antigens in 
the tumor itself (KEW 1978). In some studies, scattered HBsAg-positive tumor 
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cells were observed, while RBcAg was found only exceptionally (SUZUKI et al. 
1985). 

These reports should be read with caution, since single positive cells are 
hard to define as true tumor cells (POPPER 1986). In our own studies, we never 
unequivocally observed tumor cells or complexes to be positive for RBs/RBc, 
and even in the non-tumorous liver tissue of seropositive patients, we found 
viral antigens only to the low extent of 20-30% of over 20 PRC (Figs. 6, 7). 
In contrast to these disappointing immunological approaches, hybridization 
methods offered the answer as to the frequency of RBV infections in tumor 
tissues and tumor cell lines (LUTWICK and ROBINSON 1977; SUMMERS et al. 1978; 
BREcHOT et al. 1980; CHAKRABORTY et al. 1980; EDMAN et al. 1980; TWIST et al. 
1981; BREcHOT et al. 1982; CHEN et al. 1982; SHAFRITZ 1982; MILLER and Ro
BINSON 1983). From these experiments, the following findings emerged: 
1. The majority of PRC of seropositive individuals contain integrated viral 

DNA. 
2. Tumor cells are clonal with respect to the site of DNA integration in a 

given tumor. 
3. For different PRC's, however, integration sites vary to a large extent. Inserts 

are generally highly disordered. 
4. Multiple insertion sites occur and further obscure the etiological relevance 

of any of these integrations. 
5. As yet, integration has not been regularly linked to oncogenes. Very recently, 

however, integration was seen next to liver cell DNA homologous to v-erb-A 
and steroid receptor genes (DEJEAN et al. 1986). 

6. The state of integration in PRC must not be different from that in infected 
non-tumoros tissue. 
From the practical diagnostic viewpoint, RBV-DNA appears to be currently 

the most reliable viral tumor marker in PRC. In our series of PRC examined 
by dot blot hybridization, we found RBV-DNA in nearly all cases (Fig. 8). 

In contrast - at least to our experience - in situ hybridization is very difficult 
to conduct, which may be due to the insufficient sensitivity of the technique 
(LONING and MILDE 1986). It was of further interest that we found RBV-DNA 
in some carcinomas other than PRC's, too (e.g. a low differentiated penile 
carcinoma). Although RBV-DNA has been reported in cells other than hepato
cytes (e.g. pancreas, kidney, skin, lymphocytes: BREcHOT et al. 1984) our own 
very preliminary results have to be further confirmed prior to announce a 
broader spectrum of RBV infections in human tumors. 

<J Fig. 5. A H & E section of an oral Kaposi sarcoma shows densely packed mesenchymal cells and 
slit-like spaces in between. x 67. B Same case. Several hybridizing nuclei of mesenchymal cells. 
In situ hybridization with a biotinylated CMV probe. C Oral Kaposi sarcoma (/C). In situ hybridiza
tion with a biotinylated HIV probe. Note the negative epithelium (E) and the negative tumor, 
while some ductal epithelia of underlying minor salivary gland (Sp) are positive. x 67. D Higher 
magnification of the salivary gland already shown in C. Positive duct (G). Negative acini (A). In 
situ hybridization with a biotinylated HIV probe. x 420 
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Fig. 6. Non-tumorous liver in the presence of a hepatocellular carcinoma. HBs antigen detected 
with heterologous antibodies (DAKO). Almost all hepatocytes of cirrhotic nodules are positive. 
Indirect immunofluorescence. x 160 

Fig. 7. Hepatocellular carcinoma. Few HBs-positive cells within tumor nodules. Indirect immuno
fluorescence. x 500 



Viral Tumor Markers 

L 185/85-1 

L 185/85-2 

L 112/85-1 

L 112/85-2 

L 71/86-1 

L 71/86-2 

L 16/85-1 

L 16/85-2 

L 22/86 

L 209/84-2 

351 

Fig. 8. Dot blot hybridization of six liver carcinomas. Two of the 
cases (L-209/84-2, L 185/85) represent liver transplants (surgery 
done because of a hepatocellular carcinoma) anew infiltrated by 
a cancer, which was discussed to be again hepatocellular carcinoma. 
This assumption is supported by positive DNA hybridization in 
tumor tissues in case L 209/84-2, while highly questionable in the 
negative case L 185/85-1 + 2. The remaining four hepatocellular 
carcinomas (L 112/85, L 71 /85, L 16/85, L 22/86) are also positive 
for HBV DNA with some variations in different tissue fragments 
(see the difference of staining intensity in 1/2) 

5 Genital Cancer and Its Association with Herpes Simplex Type 2 
and with Papilloma viruses 

The insights and illusions of science in dealing with the etiology of cancer 
are best highlighted by the history of infectious organisms accused of being 
associated with genital cancer. This spectrum ranges from protozoa to viruses 
(Koss 1979). 

5.1 Herpes Simplex Type 2 

Herpes simplex type 2 (HSV 2) represents the traditional viral agent assumed 
to play an oncogenic role, since seroepidemiological studies (NAHMIAS et al. 
1974) revealed elevated titres of serum antibodies against viral antigens in fe
males with cervical cancer. Later on, however, it became clear that this observa
tion was largely overemphasized, taking into account the high prevalence of 
positive HSV serology in non-selected populations (COREY and SPEAR 1986). 
Moreover, although controversially dicussed, viral proteins and viral nucleic 
acids were claimed to occur in cervical cancer tissues (see for reviews: McDou
GALL et al. 1985; ZUR HAUSEN 1985). Up to 30% of cervical intraepithelial 
neoplasias (CIN) and cervical carcinomas are said to harbour HSV-specific 
RNA (McDOUGALL et al. 1980; MAITLAND et al. 1981; WILKIE et al. 1981). 
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These studies were first done with hybridization probes containing the whole 
genomic DNA, and putative cross-reactions with homologous sequences of 
mammalian DNA were not entirely excluded (PEDEN et al. 1982). Later on, 
however, these experiments were confirmed with subgenomic viral probes free 
of homologous cellular sequences (McDoUGALL et al. 1985). HSV 2-derived 
RNA species were shown to be read from only three regions of the viral genome, 
two of them representing DNA regions with transforming activity (McDoUGALL 
et al. 1985). These observations are in line with earlier reports (FRENKEL et al. 
1972), but contradict the studies of other groups (ZUR HAUSEN et al. 1974). 

The controversy, of course, could well be a matter of different sensitivity 
of the applied methods. McDOUGALL and associates (1985) further substantiated 
their results by restriction enzyme analysis and found parts of the HSV 2 genome 
in cervical as well as in anal carcinomas. They also made the interesting observa
tions that, in some anogenital tumors, genomes of HSV 2 and human papilloma
viruses (HPV 6b) may coexist (McDoUGALL et al. 1985). 

5.2 Human Papillomaviruses 

The, as yet, sporadical observations of HSV 2 infections, however, contrast 
with the overall high incidence of human papillomavirus (HPV) infections in 
genital cancer. It is the merit of the molecular biological studies of ZUR HAUSEN 
and GISSMANN (ZUR HAUSEN 1986; GISSMANN and SCHNEIDER 1986) that these 
viruses are now becoming more and more attractive as causative agents of 
anogenital tumors. The increasing knowledge on HPV infections of those tumors 
is partly described in the following list (see for review: GISSMANN and SCHWARZ 
1986): 

1. HPV-DNA is regularly found in cervical precancer and cancer, and in 
a high proportion of carcinomas of the lower uro-ano-genital tracts (vaginal, 
vulvar, penile, urethral, anal). 

2. Two types of the heterogeneous HPV group are frequently seen in carcino
mas. HPV 16 is present in approximately 50%, and HPV 18 in about 20% 
of samples. In contrast, about 90% of benign condylomatous lesions harbour 
HPV 6 DNA. 

3. Viral DNA persists in an extrachromosomal state in benign and preinva
sive lesions, while becoming integrated in cancer and tumor cell lines. Integration 
takes place in different regions and different chromosomes of the cellular ge
nome of tumors, although, for a given tumor, tumor cells contain only a single 
integration site in about 2/3 of cases. 

4. In HPV 18 harbouring cell lines, viral DNA is active and RNA's of 
similar origin are produced (early genes E6, E7, and parts of E1). However, 
in cancer biopsies, continued expression of the viral genome is found in only 
some of the specimens. It is assumed, that transcription of viral DNA is mostly 
required at an early stage of malignant transformation, but not for the mainte
nance of the neoplastic state. Of course, whether the virus is responsible for 
tumor induction and/or maintenance, or whether the virus is only one of several 
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Fig. 9. H & E section showing a typical koilocytic cell with hyperchromatic nucleus and perinuclear 
halo. x 1250 

factors, which simply raise the rate of cell proliferation, makes little difference 
in a practical diagnostic sense. 

5. Among cellular oncogenes, c-myc and c-Ha-ras genes are amplified in 
a proportion of HPV 16-harbouring cervical cancer. C-myc amplification and 
activation of transcription is mainly seen in advanced cervical cancer of stage 
2-4 (RIOU et al. 1985; ORTH 1986). 

In recent years, increasing attention has been paid to the more practical 
questions of the prevalence of HPV infections in non-selected populations, and 
of the diagnostic and prognostic implications. Percentages of the subclinical 
persistence of HPV now pass 20%, when calculated irrespective of HPV types 
(LORINCZ et al. 1985; PFISTER 1986). When focussed on HPV 16, the numbers 
come to 10% (MACNAB et al. 1986). For West Germany it has been calculated 
from this percentage that only about one in 300 women with cervical HPV 
16 infection will develop a carcinoma (PFISTER 1986). 

Although there is a general consensus that HPV DNA occurs in perfectly 
normal-looking epithelia (McDOUGALL et al. 1986), and, thus, precedes the ap
pearance of the characteristic cytopathic reactions (koilocytosis, dyskeratosis, 
binucleation, LONING et al. 1986a), cytology and histology remain of prime 
importance in the diagnosis of the early stages of cervical premalignancy. The 
histological continuum between CIN and HPV infection is now agreed upon 
by most pathologists and, particularly from the studies of REID and associates 
(1984), it has become clear that no fundamental qualitative differences exist 
morphologically between subclinical HPV infection and dysplasia (Figs. 9, 10). 
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Fig. 10. Koilocytic cell hybridized with HPV 16/18 probe under conditions of high stringency. x 1250 

Our own studies included electron microscopy, immunhistochemistry, DNA 
hybridization (Fig. 11), and DNA cytophotometry, and the following conclu
sions are drawn from these investigations: 

1. Mild cervical dysplasias (erN 1) show prominent fields of koilocytic cells, 
contain viral particles and viral antigens in up to 60% of cases, are euploid 
or sometimes polyploid, and harbour HPV 6/11 or HPV 16/18 DNA. 

2. In moderate dysplasias (eIN 2), koilocytic cells, viral particles and viral 
proteins are found to a minor extent. Lesions show polyploid or even aneuploid 
patterns, and HPV 16 infections prevail in the latter cases. 

3. High grade dysplasias and invasive carcinomas show close morphological 
relationships, in that the epithelium is highly disordered, and atypia is found 
throughout the epithelium. This relationship also holds true for the pattern 
of HPV infection: Koilocytosis is rarely - if ever - seen. Viral particles and 
viral proteins are usually missed. HPV 16/18 are the predominant virus types. 
The DNA pattern is almost always aneuploid. 

Few prospective studies have seriously scrutinized the biological outcome 
of HPV 16 infections. The first follow-up study of HPV-associated eIN were 
recently published by SYRJANEN and associates (1986a, b), and showed a striking 
tendency ofHPV 16 lesions to progress (80% of cases), while HPV 6/11 harbour
ing lesions were seen to regress in up to 45%. Although the reported series 
of patients (a total of 32 HPV associated cases) is still small and the follow-up 
period (five years) is probably rather short, investigations of this type will cer
tainly answer the question of whether or not particular HPV infections prime 
the cervix for neoplastic change. 
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Fig. 11. HPV DNA in anogenital lesions as de
tected by in situ hybridization (all cases positive 
for any HPV type. conditions of high and low 
stringency) 

6 Other Carcinomas of the Skin and Mucous Surfaces 
and Their Association with Viruses (HPV, HSV, EBV) 

6.1 Human Papillomaviruses 

Among the more than 40 HPV types currently known (Table 2) 11 groups and 
subgroups are now distinguished on the basis of less than 50% cross-hybridiza
tion (COGGIN and ZUR HAUSEN 1979; PFISTER et al. 1986). One of these groups 
comprise 14 HPV types, which are more or less closely related, and which 
have all been isolated from patients with Epidermodysp/asia verruciformis 
(PFISTER et al. 1986; ORTH 1986). This hereditary generalized verrucosis of the 
skin represents the first, and still one of the most exciting, papillomavirus
associated human cancer models. It is a particular HPV type (HPV 5) which 
is most frequently found in primary cancer and metastases of the more than 
60 individuals studied as yet (ORTH 1986). Malignant transformation offormerly 
unsuspicious warts takes place at sunexposed sites in about 1/3 of individuals 
(ZUR HAUSEN 1985). As yet only casual reports exist to support the association 
of certain HPV types with other cutaneous preneoplasias and neoplasias (solar 
keratosis, basal cell carcinoma, keratoacanthoma, even malignant melanoma: 
PFISTER 1986; ORTH 1986). Moreover, genital types of HPV (HPV 16) were 
observed in Morbus Bowen in addition to the genital bowenoid papulosis (IKEN
BERG et al. 1983). Of course, these reports need to be substantiated in molecular 
biological, pathological and clinical settings. Another source of HPV is being 
discovered in mucosal tissues of the upper digestive and respiratory tract and 
their benign and malignant tumors (LONING et al. 1985; DE VILLIERS et al. 1986; 
MILDE and LONING 1986; Cox et al. 1986). Among the benign lesions, oral 
focal epithelial hyperplasias seem to be peculiar with respect to the supposed 
genetic background (LONING 1984), and the particular HPV type most frequently 
found (HPV 13: PFISTER et al. 1983; SYRJANEN et al. 1984; HENKE et al. 1986). 
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Table 2. Human papillomavirus types in benign and malignant tumors 

Tumor types 

Palmoplantar wart 
Verruca vulgaris 
Verruca plana 
Epidermodysplasia verruciformis (warts) 
Solar keratosis 
Keratoacanthoma 
Morbus Bowen 
Bowenoid papulosis 
Condyloma acuminatum 
Cervical condylomatous lesion 
Conjunctival papilloma 
Oral leukoplakia 
Focal epithelial hyperplasia (Morbus Heck) 
Laryngeal papilloma 

Epidermodysplasia verruciformis (carcinomas) 
Basal cell carcinoma 
Malignant melanoma 
Cervical carcinoma 
Vulvar carcinoma 
Penile carcinoma 
Oral carcinoma 
Laryngeal carcinoma 
Bronchial carcinoma 

Papillomavirus types 

1,2,4,7,26,29 
3,10,27,28 
5,8,9,12,14,15,17,19-25,36,38 
36 
9,25,37 
16 
16,34,39 
1,2,6,10,11,16,30 
6,11,16,18,31 
11 
16 
13,32 
6,11 

5,8 
20 
38 
10,11,16,18,31,33,35 
6,11,16,18 
6,11,16,18 
2,11,16 
30,40 
16 

Fig. 12. Oral papilloma. Numerous hybridizing keratinocytes in keratinized parts of the tumor. 
In situ hybridization with HPV 1,2,6,11,16,18 cocktail under conditions of reduced stringency. x 80 
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Fig. 13. Oral squamous cell carcinoma. In situ hybridization with HPV 16/18 probe under conditions 
of high stringency. Scattered hybridizing cells. x 500 
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Fig. 14. HPV DNA in oropharyngeal lesions as detected by in situ hybridization (FEB = focal epitheli
al hyperplasia/Morbus Heck). All cases, positive for any HPV type, conditions of high and low 
stringency 
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Fig. 15. Dot blot hybridization under conditions of low stringency (HPV -Gemisch = cocktail of HPV 
1,2,6,11,16,18-DNA) and high stringency (for HPV 6/11 and HPV 16/18). Cases include two oral 
squamous cell carcinomas (L 57/86=negative for any HPV, L 183/84=positive for both HPV 6/11 
and HPV 16/18), one oral leukoplakia (L 13/84=positive for HPV 16/18), one penile condyloma 
(L 181/85=positive for HPV 6/11), and uterine cervix, which was clinically and morphologically 
unsuspicious (L 256/86=positive for HPV 6/11 and especially for HPV 16/18). At the left border 
amount of spotted cellular DNA 

Warts and condylomas of the oropharyngeal mucosa are very rare and con
tain the HPV types of their cutaneous (HPV 1, 2, 3, 4) or genital (HPV 6) 
counterparts (PFISTER 1986). True papillomas of the mouth, pharynx and larynx 
were most often seen to harbour HPV 11-DNA (GISSMANN et al. 1982, 1983) 
(Fig. 12). 

In these benign lesions, virus particles, or at least viral structural proteins, 
were usually observed (JENSEN et al. 1982; LaNING 1984; LaNING et al. 1984; 
LaNING et al. 1985). Even in some oral leukoplakias without dysplasia, HPV 
antigens were reported to occur (LaNING et al. 1984; LaNING et al. 1985). In 
our series of cancer of the oral cavity, pharynx, and larynx, we found HPV 
DNA in 40% of over 20 cases (LaNING and MILDE 1986) (Figs. 13-15). 

We found HPV 6/11 and HPV 16/18 infections to occur and even to coexist 
in some lesions. In contrast to genital cancer, however, HPV 16 infections were 
not seen to predominate in malignant lesions. Few mainly casual reports are 
concerned with the association ofHPV infections with esophageal and bronchial 
carcinomas (HPV 16: STREMLAU et al. 1985; OSTROW et al. 1985). In an extensive 
analysis of over 200 samples of normal tissues and tumors of different origin 
and histology, OSTROW and associates (1985) found HPV DNA in a very small 
percentage of cases (about 2%). Our own data on normal tissues and tumors 
outside the anogenital and oropharyngeal and laryngeal mucosa are consistent 
with these findings. 
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Table 3. EBV-DNA in lymphoepithelial carcinomas 

Epipharynx 
Tonsil 

WOLF and SEIBL (1984) 

100% 
25% 

LONING and MILDE (1986)" 

60%(10/17 cases) 
20%(1/5 cases) 

" This study was done on formalin-fixed, paraffin-embedded material 
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Fig. 16. Epipharynx-carcinoma. In situ hybridization with biotinylated EBV DNA. Hybridizing epi
thelial and lymphoid cells. x 500 

6.2 Herpes Viruses 

In addition to HPV, members of the herpes virus family must always be kept 
in mind as etiological (co-)factors for oropharyngeal tumourogenesis. Coex
istence has recently been demonstrated for HPV and EBV in AIDS-associated 
hairy leukoplakia (GREENSPAN et al. 1984, 1985). Coexistence may also occur 
for HPV and HSV 1 in oral cancer, since HSV-re1ated RNA was recently claimed 
to be present (EGLIN et al. 1983). As already discussed for herpes simplex viruses 
in association with genital cancer, HSV and its relevance for human cancerogen
esis (genital and oral cancerogenesis) is very controversially treated in the litera
ture (see for review: SCULLY 1983). 

There exists, however, general consensus about another of the herpes viruses 
(EBV) and its very strong association with cancer of the epipharynx (see for 
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review: WOLF and SEIBL 1984). These carcinomas, formerly called lymphoepithe

lial tumors (KRUEGER and BERTRAM 1983), almost always contain EBV DNA 

and the EB nuclear antigen (ZUR HAUSEN 1985; LONING and MILDE 1986). 
In countries with high incidence of nasopharyngeal carcinomas (e.g. Southern 

China, ZENG et al. 1985), hybridization is hoped to become a diagnostic supple

ment to usual serological surveys, which include monitoring of IgA titres for 

VCA and EA. Nasopharyngeal carcinomas together with Burkitt lymphomas 

are the only human tumors which consistently contain EBV DNA. Recently, 

we were even able to detect EBV DNA in paraffin-embedded specimens (Ta

ble 3, Fig. 16). In contrast to carcinomas of the epipharynx, results on undiffer

entiated carcinomas of tonsils are not as convincing so far (WOLF and SEIBL 

1984; LONING and MILDE 1986). 
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1 Introduction 

Immunohistochemistry, it can be said without any hesitation, represents the 
most significant methodological and conceptual breakthrough and contribution 
to diagnostic tumor pathology that this discipline has seen in the entire second 
half of the twentieth century. Although there are many other new techniques 
and biomedical innovations that are being applied to pathology (SEIFERT 1986; 
GOULD 1986) only immunohistochemistry has become readily available to pa
thologists outside of the elite research laboratories, and has firmly become part 
of the daily practice of histopathology of the eighties (GATTER et al. 1985). 

Like all other innovations, diagnostic immunohistopathology has passed 
through several phases which roughly correspond to the phase of discovery, 
formulation of general principles and solution of critical technical problems; 
gradual acceptance by the research community; transition from research into 
the routine laboratory; and finally acceptance by the community of pathologists 
and clinicians at large. Each of these phases was marked, as with any other 
development in science, by a predictable response: incredulity, cautious explora
tion by those who thought that the technique had some merit and gradual 
acceptance by those who became personally convinced that the new approach 
was indeed useful. Thereafter followed a phase of more or less uncritical overen-
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thusiasm, which is now replaced by the phase of critical evaluation with weighing 
of positive and negative aspects and real contributions. We are, I believe, now 
entering that final phase and the stage is being set for the ultimate assessment 
of the contributions of this method to pathology. 

Many aspects of immunohistochemistry have been reviewed and highlighted 
in this volume. I will thus only add a personal overview of the contributions 
of immunohistochemistry in an attempt to outline how it has influenced our 
daily practice of pathology, list briefly some of the major problems that have 
or have not been solved, and also mention at least some of the disappointments 
that were inevitable due to the high expectations and overenthusiasm of the 
original proselytizers. 

2 General Approaches and Strategies for Identification 
of Tumor Markers 

Search for tumor markers has concentrated on several basic questions which 
in essence reflect the major concerns of diagnostic pathologists. Most prominent 
among these questions are: 
1. Are there markers that would allow distinction between normal and neoplas

tic cells? 
2. How to recognize and distinguish benign from borderline and clinically 

malignant tumors? 
3. How to distinguish low grade malignant tumors from their more malignant 

counterparts? 
4. Since tumor diagnosis is primarily based on subjective evaluation of histo

logic sections, would it be possible to improve the diagnostic precision and 
make it more reliable, reproducible and objective i.e. quantifiable? 

2.1 Markers of Early Neoplasia 

Malignant transformation is a complex, unpredictable and poorly understood 
process that occurs in several successive stages (FARBER 1984a, b; RUBIN 1985; 
BALMAIN 1985). The phenotype of transformed cells is highly variable. Studies 
of early experimental neoplasia have reported numerous morphological and 
biochemical changes associated with malignant transformation (FARBER 1984a). 
However, these markers of early neoplasia vary depending on the organ in
volved, the carcinogen applied, the stage of neoplasia and many other poorly 
defined determinants. Thus, it has been shown that the cells in early neoplastic 
foci of the liver accumulate glycogen, express high levels of glucose-6-phosphate 
dehydrogenase and differ from adjacent livers with regards to their ability to 
accumulate exogenous iron (FARBER 1984a, b). On the other hand, papillomas 
of the skin express an entirely different spectrum of histochemical markers 
(FOULDS 1969). In most cases experimental data are not directly applicable 
to human pathology, and there are few cases in which the markers of early 
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experimentally induced animal neoplasia have found application in clinical pa
thology. Alpha fetoprotein (AFP), discovered originally in rats, is probably 
the most prominent example of such transfer of knowledge from experimental 
to diagnostic laboratory (ABELEV 1971). 

The basic premise underlying the search for markers of early neoplasia is 
that the tumor cells differ from normal cells. Theoretically, one could thus 
hypothesize that cancer cells either lack some of the characteristics of fully 
differentiated mature cells or that they have acquired some new features. Along 
these lines it has been shown that some tumor cells, in contrast to their differen
tiated counterparts, may lack antigens (LIMAS and LANGE 1980), express aber
rantly or miss antigens of the major histocompatibility complex (MOMBURG 
et al. 1986; GUY et al. 1986), or express only the backbone of the oligosaccharide 
complex that carries the blood group determinants (VOWDEN et al. 1986). These 
markers of incomplete differentiation or maturation belong in general to the 
group of carbohydrate antigens (HAKOMORI 1984, 1985). Although there is ample 
evidence that complex cell surface or secreted glycoconjugates are altered in 
neoplastic cells, and although there are numerous monoclonal antibodies to 
these antigens, it is questionable whether any" atypical" or altered glycoconju
gates could serve as diagnostic markers of early neoplasia. Hence, antibodies 
to putative markers of incipient neoplasia still remain to be developed. 

Acquisition of new characteristics on evolving cells is even more difficult 
to document. Most of the" new" cell surface tumor markers described in litera
ture have been shown not to be unique to tumors and are thus of limited 
diagnostic value (FEIZI 1985). With considerable hope, it was thought that the 
demonstration of potentially oncogenic viruses such as papilloma virus 
(KIRCHNER 1986) in the cervical canal or Epstein Barr virus in lymphoid cells 
(KLEIN and KLEIN 1984; PURTILO 1984) could facilitate the morphologic diagno
sis of neoplasia. However, soon after antibodies or molecular probes to these 
viruses were developed it became apparent that the presence of viruses in tissues 
does not contribute significantly to the diagnosis of preneoplasia or even incipi
ent and overt neoplasia (PILOTTI et al. 1984; FALSER 1984; SINGER et al. 1985; 
COLEMAN and RICHMAN 1985). It remains to be seen whether the immunohisto
chemical demonstrability of well documented oncogen products could provide 
more reliable evidence of neoplasia (HORAN HAND et al. 1984; THOR et al. 1984). 
However, recent reports indicate that antibodies to oncogen related proteins 
react not only with malignant cells but also with benign tumors and normal 
cells, questioning the validity of this diagnostic approach (GHOSH et al. 1986). 

2.2 Benign Versus Malignant Tumors 

The criteria for the distinction of benign from corresponding malignant tumors 
are not always precise. Thus, for example, renal cell adenomas are arbitrarily 
separated from carcinomas on the basis of their size - tumors measuring less 
than two centimeters in diameter being labeled as benign in contrast to the 
larger tumors which could have the same histologic appearance but prove to 
be clinically malignant. Leiomyosarcoma are most reliably distinguished from 
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their benign counterparts on the basis of mitotic counts rather than on the 
morphology of tumor cells (KEMPSON and BARI 1970). Indistinct borders between 
cystadenoma and cystadenocarcinoma of the ovary led to the concept of so
called "borderline-tumors" (for recent studies see e.g. CHAITIN 1985; ERHARDT 
et al. 1985). In view of these examples, it would be most desirable to have 
reagents that would distinguish benign from malignant tumors. 

Unfortunately, all the efforts in this respect have failed, and most of the 
studies performed so far have reported only quantitative rather than qualitative 
differences between malignant and benign tumors. Although such data could 
still be used in selected cases it is doubtful that quantitative differences detected 
immunohistochemically could ever be translated into precise diagnostic terms 
needed for chemotherapeutic or surgical treatment of neoplasia. 

Monoclonal antibodies like Ki67 (GERDES et al. 1983), which react with 
nuclear antigens selectively expressed during mitosis could theoretically be ap
plied to better assess the proliferative tumor cell compartment. Although Ki67 
provides more complete and reliable data (BURGER et al. 1986), its application 
to tumor pathology is only an amplification of the time honored practice of 
a semiquantitative assessment of the number of mitoses. 

Expression of Thomsen-Friedenreich antigen on neoplastic urothelium was 
found to correlate with the malignancy of the tumors (LIMAS and LANGE 1986). 
However, the same antigen is expressed on 10% of non-invasive tumors. Accord
ingly, such histochemical data could contribute to the overall assessment of 
the tumor but cannot stand on their own without conventional light microscopy. 

Reagents that recognize qualitative differences between neoplastic and nor
mal cells have not yet been developed. Judging from the experience of the 
last fifteen years it appears that such markers will not become readily available 
in the near future. 

2.3 Histochemical Grading of Malignancy 

In certain organs, like the urinary bladder, histologic grading of tumors is of 
paramount clinical importance. Criteria for histologic grading are based on 
semi-quantitative assessment of several features in tissue sections or cytologic 
smears (see e.g. HIGHMAN 1986). Thus there is a great need for more objective 
and less observer-dependent evaluation. Study of the expression of blood group 
antigens carries considerable promise for objective assessment of malignancy 
and grading of urinary bladder tumors (LIMAS et al. 1979; LIMAS and LANGE 
1980). Cumbersome erythocyte binding techniques have been replaced by immu
nohistochemical methods based on polyclonal and monoclonal antibodies (JUHL 
et al. 1986). Nevertheless despite a considerable body of data accumulated so 
far this approach has not received wide acceptance and is used only in highly 
specialized laboratories. 

Histologic grading of tumors can be supplemented by several immunohisto
chemical methods. Thus semi-quantitative assessment of laminin, based on the 
assumption that malignant tumors produce less basement membrane material 
than corresponding normal tissues or equivalent benign tumors led to sugges-
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tions that basement membrane components be used in overall histochemical 
evaluation of malignancy (BIREMBAUT et al. 1985; D' ARDENNE et al. 1986 ; FABER 
et al. 1986). More malignant, i.e. less differentiated, tumors produce presumably 
less "luxury proteins" typical of the mature cells in the organ of their origin. 
However, like all other methods that evaluate the loss of certain characteristics, 
rather than the appearance of unique new features this approach has obvious 
disadvantages and is of limited diagnostic value for routine pathology. 

Tumor growth rate assessment is of potential clinical significance, and with 
time this approach could replace the standard semi-quantitative and subjective 
grading of tumors. Several methods have been tested including autoradiography 
with tritiated thymidine on freshly dissected tumors (CAMPLEJOHN and AHERNE 
1974); labeling of tumor cells with bromodeoxyuridine and immunohistochemi
cal detection of mitotic cells with antibodies to this analogue of uri dine (HOSIDNO 
et al. 1986); cytofluorimetry, (HALL and Fu 1985; GOH and JASS 1986). Recent 
reports on the use of antibodies selectively reactive with nuclei of mitotic cells 
promise to make this approach more reproducible and technically less complex 
(GERDES 1985). However, it should be remarked that all these techniques are 
still in experimental phases, often require fresh tumor tissue and are usually 
not applicable to paraffin embedded material. Thus, there is no indication 
whether they will ever become routine. 

2.4 Monoclonal Antibodies to Tumor Markers 

The search for immunohistochemical tumor markers started on a large scale 
following the discovery by GOLD and FRIEDMAN (1965) of the so-called carcino
embryonic antigen (CEA). The search received a new impetus following the 
introduction of monoclonal antibody technique to tumor pathology (FOSTER 
1982; NEVILLE et al. 1982; DAMJANOV and KNOWLES 1983). However, more 
than ten years after the seminal technical discovery of KOHLER and MILSTEIN 
(1975) there are still major problems pertaining to the application of monoclonal 
antibodies in tumor histochemistry: 

a) Some antibodies, specifically reactive with sera of tumor bearing patients, 
react with many normal tissues. Thus they are of little value to pathologists, 
although they might be useful in the clinics for serologic detection and follow-up 
of malignancy (ITZKOWITZ and KIM 1986; SACK and KIM 1986). 

b) Some antibodies, when injected into the tumor patients, localize specifi
cally in tumors (SHEN et al. 1984; ALLUM et al. 1986). However, when used 
histochemically many of these antibodies do not discriminate between normal 
and neoplastic cells (BARA et al. 1986). Obviously the antigens expressed in 
vivo are different on tumor cells than on normal cells and are either inaccessible 
to the intravenously injected antibody or do not react with it for unknown 
reasons. 

c) Some antibodies whose biochemical specificity was determined by im
munoprecipitation or immunoelectrophoresis on Western blots, when applied 
to tissues may react not only with the biochemically determined epitope but 
also show cross reactivity with other substances. For example, some antibodies 
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against vimentin react also with other intermediate filaments in tissue sections, 
although biochemically their reactivity may be limited to vimentin. 

d) Antibodies produced against a highly purified molecule may be specific 
for that molecule in various biochemical tests, but could also be reactive with 
other macromolecules in which the specific epitope is expressed. Thus it was 
shown that antibodies to carbohydrate components of the epidermal growth 
factor receptor crossreact with blood group determinants which obviously had 
the same carbohydrate sequence (PICARD et al. 1985). 

Accordingly a few notes of caution seem in order for future work with 
monoclonal antibodies: 

1. Specificity of polyclonal or monoclonal antibodies should be tested both 
biochemically and histochemically before any antibody is recommended for 
practical use in immunopathology or serology laboratory. 

2. Antibodies useful for one form of immunodiagnosis are not necessarily 
adequate for others. An antibody highly sensitive in ELISA may not be a 
good immunohistochemical reagent and vice-versa. 

3. There are no short-cuts and foolproof approaches in the search for tumor 
associated and specific antigens. A targeted effort, supported by multiphasic 
testing will produce more reliable results than random "fishing expeditions" 
although there is no good reason for a priori dismissal of the latter approach 
as well. New avenues of research should be explored. The full potential of 
human monoclonal antibodies has not yet been explored. For example, antibody 
"class-switch" leading to change of immunoglobulin isotype (STEPLEWSKI et al. 
1985) could make many antibodies more useful. Idiotype-antiidiotype techniques 
are being used to combine advantages of monoclonal antibody specificity with 
polyclonal antibody reactivity (HERLYN et al. 1986). Other new modalities re
main to be tested and fully evaluated. 

3 Contribution of Histochemistry to Histogenetic 
and Phenotypic Classification of Tumors 

Since the earliest days of microscopic pathology, histogenesis of tumors has 
been one of the most attractive enigmas of oncology. Advent of histochemistry 
opened some new avenues to this problem (DAMJANOV 1983; GoULD 1986). 
Classical concepts of histogenesis of many tumors were placed under scrutiny, 
questioned, or reinterpreted (e.g. MAZUR and CLARK 1983; MmTTINEN and 
VIRTANEN 1984). However, as soon became obvious, only a few equivocal con
clusions were reached and the histogenesis of most tumors encountered in daily 
practice of diagnostic pathology remains obscure. Pragmatic pattern recognition 
based on phenotypic identification of specific cell types thus still represents 
the mainstay of histopathology. 

3.1 Cell Lineage Studies 

According to the postulates of classical embryology, all human tissues could 
be developmentally traced back to one of three primordial germ layers-ectoderm, 
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mesoderm and endoderm - and cell lineages derived from these germ layers 
(GARDNER 1985). Although these tenets, initially formulated in the study of 
ascidian and amphibian embryology are not entirely applicable to mammalian 
embryos (SVAJGER et al. 1986) they have had a profound influence on tumor 
pathology. The teaching that carcinomas represent tumors of ectodermal/endo
dermal origin and sarcomas tumors originating from mesodermal tissues is just 
one of the salient examples of this concept. 

Experimental pathologists and embryologists have extensively used immuno
histochemistry for the study of cell lineages. To universal disappointment these 
studies have shown that there are no immutable markers. Most cells in the 
developing embryo and fetus do not retain the markers of their predecessors 
and their phenotype, although influenced by the cell lineage, is in most instances 
finally shaped by the influences operating within developmental fields (LEH
TONEN et al. 1985). 

Most embryological cell lineage studies performed with immunohistochemi
cal techniques indicate that markers can be used for tracing cell development 
over short periods. However, even those anterograde prospective studies cannot 
be performed in all morphogenetic periods, and it is most unwise to use markers 
retrospectively on differentiated cells to identify their progenitors. Accordingly, 
it is also risky to make histogenetic assumptions about the progenitors of tumor 
cells on the basis of their phenotype, even if light or electron microscopic obser
vations are underpinned with immunohistochemical data. 

Like the embryologic studies, cell surface markers of tumor cells proved 
to be developmentally unstable. Markers considered to be unique to endodermal 
derivatives, were subsequently found on ectodermal or mesodermal cells and 
vice versa (e.g. LEHTONEN et al. 1985). As in embryogenesis, intermediate fila
ment polypeptides still appear to be the most stable cell lineage markers, al
though even these show considerable "switching". Keratin, which is one of 
the best markers for epithelial cells (OSBORN and WEBER 1983) is expressed 
in some mesodermal tumors, such as synovial cell sarcoma (MIETTINEN and 
VIRTANEN 1984; FISHER 1986) or the rhabdoid tumor of the kidney and soft 
parts (SOTELO-AvILA et al. 1986). Expression of keratin in the normal murine 
ependymal cells and some human tumors originating in the ventricle (MIETTINEN 
et al. 1986) cannot be fully explained from present data on the histogenesis 
of brain and is another example of intermediate filament type switching in 
development of both normal and neoplastic structures. Likewise, the expression 
of neurofilament proteins in some endocrine tumors, such as insulinomas of 
pancreas or parathyroid adenomas (MIETTINEN et al. 1985) originating from 
neurofilament negative precursors, remains to be fully explained. 

3.2 Cell Phenotype Markers 

The classification of tumors based on phenotypic recognition of neoplastic cells 
rather than on uncertain histogenetic principles appears to be the least contro
versial approach of diagnostic histopathology. Immunohistochemistry has con
tributed considerably to improvements in the precision with which one can 
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identify various cell types. Numerous cell type markers have been identified. 
Overall they can be classified as broader cell class specific and more restricted 
cell type or tissue specific markers. 

3.2.1 Cell Class Specific Markers 

Immunohistochemistry is the technique of choice for broad classification of 
cells. Amolilg various antibodies that belong to this category, those recognizing 
intermediate filament polypeptides are still top of the list of diagnostically useful 
reagents. Despite many notable exceptions, keratin is still considered to be one 
of the best markers for epithelial cells. Neurofilaments are good markers for 
neural cell tumors (SASAKI et al. 1985), although they appear in some neuroecto
dermal cell tumors (MIETTINEN et al. 1985a, b) and may be barely detectable 
or not expressed at all in some primitive neural tumors such as neuroblastomas 
(OSBORN and WEBER 1983). Desmin has a restricted expression and is found 
almost exclusively in muscle cell tumors (OSBORN et al. 1986a). The only other 
cell positive for desmin are endometrial stromal cells. 

Glial acidic fibrillar protein is a reliable marker of glial cells (OSBORN and 
WEBER 1983) and is found outside of the central nervous system only in peripher
al nerve tumors (GOULD et al. 1986). Vimentin, a marker of connective tissue 
cells, is not such a good cell class marker. Thus it is expressed as the sole 
intermediate filament protein in some neuroectodermal tumors such as melano
mas (RAEMAKERS et al. 1983) and is coexpressed with keratin in some normal 
epithelial cells and carcinomas such as those originating from endometrium, 
thyroid, kidney, lung and possibly other organs (MIETTINEN et al. 1984; GOWN 
and VOGEL 1985; McNUTT et al. 1985; DABBS et al. 1986). 

Coexpression of vim en tin and GFAP has also recorded in gliomas (SCHIFFER 
et al. 1986; HERPERS et al. 1986). Vimentin expression has been recorded in 
epithelial cells adapted to in vitro growth and in metastatic lesions. Thus, vimen
tin cannot be taken with certainty as a consistent marker or exclusive connective 
tissue cells, which up until now still do not have a class specific unique marker. 

Many epithelial cells and tumors originating from them can be identified 
with antibodies to the so-called milk fat globule or epithelial membrane antigen 
(EMA) (ORMEROD et al. 1983; PINKUS et al. 1985). Antibodies to EMA originally 
raised against human milk fat globule membrane in rabbits were reproduced 
in monoclonal form in mice (HILKENS et al. 1984) and are readily applicable 
to paraffin embedded formalin fixed pathology specimens. It should, however, 
be remembered that they are not tumor specific and may occur in many normal 
tissues as well (HELLE and KROHN 1986). Unfortunately, poorly differentiated 
carcinomas often lack this antigen (WILSON et al. 1986). 

White blood cells express a high molecular weight glycoprotein known as 
leukocyte common antigen (CLA) (for recent reviews see e.g. TUBBS and SHEI
BANI 1984). Leukocyte common antigen may be partially destroyed or lost dur
ing paraffin embedding, although it survives postmortem autolysis of at least 
72 hours (PALLESEN and KNUDSEN 1985) and could be of considerable impor
tance in autopsy pathology. In conjunction with antibodies to keratin antibodies 
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to CLA may help in the analysis of large cell tumors and the distribution 
of carcinomas from lymphomas (LAUDER et al. 1984). 

Neural and neuroectodermal cells and tumors contain synaptophysin, a gly
coprotein of restricted anatomic distribution, which thus could be considered 
a class marker for neural and closely related neuroectodermal and neural crest 
derived cells (WIEDENMANN et al. 1986). In the same category are chromogranins, 
a group of proteins found in the neuroendocrine granules (WILSON and LLOYD 
1984; ANGELETTI 1986). In contrast to synaptophysin which does not occur 
outside of neural and neuroendocrine or neuroectodermal cells, chromogranins 
occur in some other cells. However, since these cells are in quite uncommon 
locations (ANGELETTI 1986) and rarely give rise to tumors, antibodies to chromo
granin have become a useful probe for identification of neuroendocrine tumors 
and even neuroendocrine components in other tumors (INOUE et al. 1986). 

3.2.2 Specialized Cell and Tissue Specific Markers 

Search for specialized cell specific markers has been constantly marred by major 
disappointments. Most of the antigens originally considered to be specific for 
a specialized cell or tissue turned out in final analysis to be less restricted in 
their distribution than originally thought. Chorionic gonadotropin, originally 
thought to be trophoblast specific was found not only in germ cell tumors 
but in many tumor cells (BRAUNSTEIN et al. 1986; FUKAYAMA et al. 1986; MERE
DITH et al. 1986). S-100, initially considered neural tissue specific, was detected 
in numerous normal and neoplastic cells rv ANSTAPEL et al. 1986). Antibodies 
to the so-called neuron-specific enolase react with numerous non-neural tissues 
and tumors (HAIMOTO et al. 1985). Prostatic acid phosphatase may be found 
in carcinoid tumors (SOBIN et al. 1986). Anti-Leu 7 monoclonal antibody, a 
reliable marker of human natural killer cells (TRINCHIERI and PERUSSIA 1984), 
was found subsequently to react with normal human nervous system, neurogenic 
tissue, peripheral nerve sheath tumors, and neuroepithelial tumors (PERENTES 
and RUBINSTEIN 1986). Even alpha feto-protein, one of the earliest tissue specific 
markers, originally thought to be an exclusive marker of yolk sac tumors and 
hepatocellular carcinomas, was later reported in other tumors such as e.g. gastric 
carcinomas (ISHIKURA et al. 1986) and pancreatoblastoma (ISEK! et al. 1986). 

Polypeptide hormones, normally secreted by specific cells in distinct anatom
ic locations, have for a long time been considered as markers of specific cell 
types. While this assumption holds in general true for most normal tissues, 
many hormones or hormone like substances are ectopically synthesized by aber
rant tumor cells. More extensive immunohistochemical studies could on the 
other hand disclose that some of the previously held assumptions on the re
stricted distribution of cells synthesizing a certain hormone in normal tissues 
may be incorrect. As the best example one could take calcitonin. This calcium 
regulating hormone, originally extracted from the thyroid was subsequently 
described in bronchial and bronchiolar mucosa, in the thymus, parathyroids 
and even the prostate and the epithelium of the anal canal (FETISSOF et al. 
1986a, b). Nevertheless, antibodies to hormones, if properly used, are still excel-
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lent markers for endocrine tissues, and some like thyroglobulin (WILSON et al. 
1986) are highly specific for certain organs. 

New antibodies to specialized cell specific antigens are still being reported 
and only time will show whether they are as specific as claimed by the scientists 
who have discovered them. The specificity of such new antibodies as those 
to melanoma (GOWN et al. 1986), renal tumors (OOSTERWUK et al. 1986) or 
the diagnostic value of antibody to retinal S-antigen in the diagnosis of pineocy
tomas (KoRF et al. 1986) and many others remain to be determined. 

Despite the fact that most claims about "exclusive" or "unique" tissue 
specific markers for specialized cells or antigens proved to be over-optimistic, 
there is no reason for complacency. On the other hand, even if the original 
claims do not withstand more critical evaluations, antibodies produced to these 
antigens could still be useful diagnostic reagents if applied critically and under 
well-defined conditions. Thus, antibody to S-100 and natural killer cells are 
still useful reagents for the diagnosis of melanoma (HAGEN et al. 1986) and 
antibodies to calcitonin, if applied to thyroid tumors, are still most valuable 
for distinction of medullary carcinoma from other thyroid tumors (SOBRINHO
SIMOES et al. 1985). The value of antibody to a leukocyte antigen (Leu M1) 
in the study of solid tumors has also been demonstrated (SHEIBANI et al. 1986). 

3.2.3 Differentiation Markers 

Differentiation and maturation of cells in certain constantly proliferating tissue 
compartments, such as skin, intestine or bone marrow occurs in a well regulated 
predictable manner. Immunohistochemistry has made major contributions to 
the understanding of normal differentiation of lymphoid and myeloid cells, 
skin or intestine, and other organs. Since the malignant transformation can 
occur at any stage of the normal proliferation-differentiation sequence, it was 
possible histochemically to phenotype tumors and compare them with cell stage 
in normal histogenesis at which the neoplasia has arisen. Most remarkable 
progress was made in the lymphoma research (TUBBS and SHEIBANI 1984; 
KNOWLES et al. 1986; WEISS et al. 1986; ANDREESEN et al. 1986). However, simi
lar phenotyping of tumors is in order for all other organ systems and it is 
a matter of time before this becomes a reality. 

4 Diagnostic Immunohistopathology 

The extent of future use of immunohistochemistry in diagnostic pathology will 
depend on many factors. This volume contains many examples of how this 
most valuable addition to the armoury of the contemporary pathologist has 
increased our understanding of tumor biology and increased the precision of 
morphologic diagnosis. Hence, only selected aspects of practical tumor histo
pathology will be addressed here. 
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4.1 Histochemical Differential Diagnosis of Tumors 

"Is it a carcinoma, sarcoma, melanoma, neuroepithelial tumor or lymphoma?" 
This question, usually asked by pathologists confronted with a tumor, is usually 
answered in 85-90% of routine cases upon microscopic study of hematoxylin 
and eosin stained slides. The remaining 10-15% of the cases, representing the 
usual" problem" cases, fall into several categories: 
A. Poorly differentiated tumors, showing limited histiotypic or organotypic dif

ferentiation; 
B. Tumors presenting an unexpected or highly unusual pattern; 
C. Rare tumors, newly recognized pathologic entities, or sundry conditions 

that are not commonly encountered in everyday practice; 
D. Metastatic tumors with no obvious primary. 

Morphologically, most of the "problem" cases or tumors that cannot be 
definitively or unequivocally diagnosed by light microscopy occur in four histo
logic patterns: 
A. Small blue cell tumors, 
B. Spindle cell tumors, 
C. Large or medium sized polyhedral cell tumors, and 
D. Pleomorphic tumors. 

The immunohistochemical approach to these tumors will primarily depend 
on the initial histopathologic impression, the experience and the routine of 
the pathologist, the anatomic location of the tumor and the differential diagnos
tic possibilities considered from the clinical information available at the time 
of examination. In practical terms the approach will also depend on the technical 
capabilities of the laboratory, availability of antibodies and also on the nature 
of material that is still available for examination. Certain antibodies are not 
applicable to routine paraffin embedded formalin fixed tissues and for their 
optimal usage frozen tissues are a sine qua non. Necrotic tumors, or inadequa
tely fixed and autolyzed tumors are not suitable for all immunohistochemical 
studies, although many antigens apparently survive various forms of maceration 
and are demonstrable even in inadequately preserved tissues (PALLESEN and 
KNUDSEN 1985). 

To obtain maximum benefit from immunohistochemical studies it is essential 
to ask the right questions and select the antibodies only after the differential 
diagnosis of the lesion has been defined as narrowly as possible by standard 
light microscopy, and the conventional histochemical techniques used in routine 
pathology laboratories. Standard criteria of tumor histopathology should not 
only serve as general guidelines, but should also serve as the principal basis 
for classification of tumors to which all the other ancillary results should be 
referred and correlated for the formulation of the final diagnosis. If the immuno
histochemical studies are inconclusive, it is still best to base the final decision 
on the light microscopic diagnosis and the overall evaluation of the case. 

The approach to each problem should be individually designed and the 
empirical criteria best suited for the laboratory and the pathologist in charge. 
On the basis of empirical data from many pathology laboratories algorithms 
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have been proposed for a step by step approach and these, with some modifica
tions, could be applied to most, if not all, solid tissue tumors. Such a flow 
chart, modified from ROHOLL et al. (1985) is present in Figure 1 and Figure 2 
and is based on the premise that most, if not all, epithelial tumors express 
keratin polypeptides as major components of their intermediate filament cyto
skeleton (OSBORN and WEBER 1983). Epithelial membrane antigen (EMA) could 
be used instead of keratin as the marker for epithelial cells in the initial screen 
and the combined application of antibodies to keratin and EMA seems to be 
even more productive (BATTIFORA 1984). 

Keratin positive tumors represent in most instances carcinomas. Appropria
tely fixed or freshly frozen specimens can be further analyzed for the expression 
of specific keratin polypeptides (OSBORN et al. 1986b) or vimentin. Vimentin, 
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a typical marker of mesenchymal cells, if expressed as the only intermediate 
filament protein is a strong indication that the tumor is not a carcinoma and 
is thus either sarcoma, melanoma or a hematopoietic neoplasm. In that case 
a battery of tests with antibodies to specific mesenchymal cell markers should 
be performed as outlined in Figure 2. Keratin positive, vimentin positive tumors 
could be carcinomas, and there are several organs, such as endometrium, kidney 
and thyroid that give rise to such tumors (GOWN et al. 1985; MIETTINEN et al. 
1985). Metastatic carcinomas, like the carcinoma cells explanted in vitro may 
express both keratin and vimentin positive cells. Sarcomatoid carcinomas of 
the esophagus are another example, although in these tumors one could find 
both coexpression of vim en tin and keratin in the same cells and distinct vimentin 
and keratin positive cell populations. 

It is important to note that certain tumors of soft tissues, most notably 
biphasic synovial cell sarcomas, (MIETTINEN and VIRTANEN 1984), epithelioid 
sarcomas (MIETTINEN et al. 1985c) and rhabdoid tumors (SOTELLO-AvILA et al. 
1986) coexpress vimentin and keratin in the same cells. 

Keratin positive cells may in some tumors coexpress neurofilament proteins. 
Thus, it has been shown that keratin and neurofilaments are coexpressed in 
some oat cell carcinomas and carcinoids of the lung (LEHTO et al. 1985) islet 
cell carcinomas of pancreas, especially insulomas (MIETTINEN et al. 1985 b), para
thyroid adenomas (MIETTINEN et al. 1985 a). Merkel cell carcinomas of the skin 
coexpress keratin and neurofilaments with great regularity (GOULD et al. 1985). 
The coexpression of several types of intermediate filament proteins in the same 
cells is biologically a most intriguing phenomenon which so far has not received 
full explanation (GOULD 1985). However, such aberrant expression of markers 
should be kept in mind to avoid overdogmatic interpretation of immunohisto
chemical findings. Keratin negative, vimentin negative tumors should be evalu
ated most carefully to exclude spuriously negative results. Vimentin is poorly 
preserved in routinely processed tissues embedded in paraffin and negative stain
ing with antibodies to vimentin should thus be interpreted with utmost caution. 
Nevertheless some tumors, such as seminoma or those that have very little 
cytoplasm like some neuroblastomas appear unreactive with antibodies to all 
intermediate filaments (OSBORN and WEBER 1983). 

Vimentin positive, keratin negative tumors comprise mostly benign and 
malignant soft tissue neoplasms, melanomas and neuroectodermal neoplasms, 
gliomas and schwannomas. Other intermediate filament proteins, such as glial 
fibrillary acidic protein and desmin may be used to further characterize these 
tumors (ROHOLL et al. 1985). Other markers for these tumors are reviewed else
where in this volume. New markers, such as titin for rhabdomyosarcomas 
(OSBORN et al. 1986) or smooth muscle specific myosin (LoNGTINE et al. 1985) 
could be of additional use. 

There are still no universally accepted markers for several sarcomas. This 
group includes most prominently fibrous histiocytomas, Ewing's sarcoma, he
mangiopericytoma, synovial cell sarcoma. The nature of stem cells of these 
tumors has not yet been defined and it is not known whether the polymorphism 
in some of these represents abortive differentiation or progression into a more 
anaplastic form of neoplasia (BROOKS 1986). 
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5 Perspective 

This volume contains numerous examples illustrating the diagnostic value of 
immunohistochemistry in routine pathology. Antibodies, such as those against 
intermediate filaments, epithelial membrane antigen, hormones and organ spe
cific polypeptides and many others are already widely used by pathologists 
worldwide. New antibodies are being developed and tested. Diagnostic patholo
gy has not yet reached its peak, and it is reassuring to note that immunohisto
chemistry is here to stay and that it is on the best way to realize its full potential. 
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