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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 (IP), 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 TAA 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 antistumor effects (MasuUI 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 etal. 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-TAA 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 TAAs have been shown to correlate with more (SUTER
et al. 1985) or less (XI1ANG 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 TAA-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 TAA 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 Tumer 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
of CEA (PrimuUsS 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 TAAs.

2.1.3 Mab 19-9

Mab 19-9 is directed against the sialylated Lewis?® 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 TAA 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.

2.14 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
(BasrT 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). TAG-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 (NUTI et al. 1982), no shed TAG-
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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
(SzrAK 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 STeEIN 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, Col17-
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 '3'I-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’), 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 (99mT® vs. !'1In) 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 1!!In, 131, 1231, 1231 or 99m™*.
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 !2°I-Co17-1A 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. GoopwiN 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"™ 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,,,
which recognizes the GD3 ganglioside antigen (HouGHTON 1986). Inflammation
and complement deposition at tumor sites were seen (HOUGHTON et al. 1985).
The R,4, 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 [gG3 and [gG2a Mabs are particularly efficient activators of ADCC
(HerLYN et al. 1985). An IgG2a Mab, Co17-1A, 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 antismurine 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 radionuclides.

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 791T/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 '31I-anti-p97 Mabs (CARRASQUILLO et al. 1984) and in lung, ovarian
and breast cancer patients with effusions treated with '3*'[-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 Possible solution

Tumor heterogeneity 1. Use a mixture of monoclonal antibodies reacting to
different antigens or epitopes.
2. Use monoclonal antibodies conjugated to radionuclides
that emit radiation beyond a single cell.

Antigenic modulation 1. Use monoclonal antibodies reacting to stable
membrane antigens.
2. Use a mixture of monoclonal antibodies reacting
to different antigens or epitopes.

Human anti-mouse 1. Induce tolerance with large doses of monoclonal antibody.
antibodies (HAMA) 2. Prevent development of HAMA by use of human
or chimeric human/mouse antibodies.
3. Remove HAMA with plasmapheresis and immunoabsorption.

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

Unmodified monoclonal 1. Use of monoclonal antibodies conjugated

antibody lacks cytotoxicity to radionuclides, drugs, enzymes, or toxins.

2. Class switch the monoclonal antibody to IgG,, or IgG;.

3. Make a chimera with an appropriate Fc region.

4. Make heterobifunctional monoclonal antibodies with
cytotoxic properties and original antigen binding site.

Nonspecific monoclonal 1. Block with cold monoclonal antibody.
antibody uptake

Extensive experience with !3![-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 °°Y 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 HummMm 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 radionuclide 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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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. Modern 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 B,, 31 C,, 58 C, 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 B, to C, patients, since about 25% of B, (21/91),
B, (18/31) and C, (31/119) carcinomas and 50% of C, 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 a-fetoprotein (AFP)
(Hmrar 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/ml. 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
(HEYwARD 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 (HBsAg). 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 (HCG) can be used effectively for clinical diag-
nosis of testicular tumors of germ cell origin. Circulating AFP and HCG 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 HCG 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 HCG, 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 HCG 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 HCG, the levels and rates
of change of AFP and HCG 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 of CA 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 haveé 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 PA 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 PA is not known, al-
though proteolytic activities have been shown to be associated with PA (BanN
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 (B, to D;) 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-
tracentrifugation.

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 EIA 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 (WAJSMAN 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 (L1 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.
1983 a). N-terminal amino acid is lysine and partial sequence is also known
(LN 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). Serial longi-
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 THDE 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.



32 T.M. Cuu

Additional clinical use of NSE 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 «, f 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 of liver 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, a-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 (CHU 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 radioligand 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
(NaDII 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 B72.3, recognizing TAG72 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 (Szrak et al. 1984). Another murine monoclonal antibody F36/22, 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 11,
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 (OHUCHI 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-
pox 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. a-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-
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cluding 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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1 Introduction

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 PorLak
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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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
Red® 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 Moviol®), 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 PIERCE 1966; VAN NOORDEN and PorLak 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 (chromogens) 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-H,O, 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,0, 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,0O,, yielding a brown color which can be further
intensified by treatment with osmium tetroxide or NiCl,, CoCl, or CuSo,
(ADpaMms 1981; Hsu and SoBAN 1982; TROJIANOWSKI 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-HCl/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)
(CorpELL et al. 1984; DE JONG 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; GOowN 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 PorLak 1983). Therefore, unconjugated enzyme-anti-
body methods, such as the peroxidase-antiperoxidase-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
1983b). 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. hydroquinone) 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-
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Anhgen 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

A the primary antibody by a bridging antibody. When the primary antibody

and the alkaline phosphatase antibody are monoclonal (mouse) an anti-mouse
A_A_ IgG is used as bridging antibody
ANTIGEN

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. 2¢). 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 incuba-
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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/ é Fig. 6. Uncoupled hapten bridge method. Primary antibodies as well as
enzyme antibodies are haptenated and bridged by an antibody directed

VAN JAA to the hapten

Antigen

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 haptens can be coupled to the antibody its antigenicity towards
the second antibody is increased and sensitivity augmented (CammiSULI and
WoOFsI 1976; JAsSANI et al. 1981; MaAsoN 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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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 characteristics. Labels used in the streptavidin system include fluorescein, Texas red, enzymes
(peroxidase, alkaline phosphatase, -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).

%
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 LARsSSON 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 al. 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 (VANDESANDE 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 of immunogold-
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 (Scopst 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 RoOGNUM 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 RoGNuUM (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 1984 a, 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 RogNuUM 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; Hopwoob 1985; VAN EwnK 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 RaDAszkiIEWICZ and DENK 1982 for references and
further information). Alternative fixatives are dimethylsuperimidate (reacting
specifically with the e-amino-groups of lysine) and periodate-lysine-paraformal-
dehyde (McLEaN and NAKANE 1979; see also RapAszkIEwICz and DENK 1982)
which acts by oxidation of membrane 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-MARIE (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
(Jupp and BRITTEN 1982; STEIN et al. 1984) or acetone fixation (JupD 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 EDTA, 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; Haipu 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 monospecific 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 PorLrak 1983; DE Mgy 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/H,O,. Endogenous peroxidase
(catalase in peroxisomes and cytochrome ¢ in mitochondria) is capable of react-
ing with DAB-H,0, but is inhibited by methanol, nitroferricyanide or phenyl-
hydrazine, as well as (10%) methanol and (3%) H,O,. 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-100 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 play a 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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1 Introduction

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 o-keratin related proteins have been de-
tected in all types of epithelial cells (FRANKE et al. 1979a, 1981 a-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. 1981a)
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 References

Ks813 CKsnos. 1,5,6,7, 8,18 Gial et al. 1982

AE 3 CKs nos. 1-8 TSENG et al. 1982; COOPER et al. 1985
Clone 80 Basic CKs (including CKs nos. 1 and 5) VAN MULEN et al. 1984

LP 34 Several CKs LANE et al. 1985

lu-5 Most CKs vON OVERBECK et al. 1985;

FRANKE WW, unpublished
KL-1* Epidermal CKs (55-57 KD polypeptide group)®  Viac et al. 1983

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

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, pseudostratified epi-
thelia, myoepithelial cells, and even simple epithelia (FRANKE et al. 1978a,
1979a, 1980, 1981a; SuUN et al. 1979; ALTMANNSBERGER ¢t al. 1981b; 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. 1983 c; MIET-
TINEN et al. 1984a, 1985a—c; vAN MUDEN 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 turn, 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. 1979b; 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. 1983¢c; HOLTHOFER et al. 1984), and vascular endothelium (FRANKE
et al. 1979¢c) 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. 1a—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). ¢, 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 x240; ¢, 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. 1a; 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 ; SIEINSKI 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 References

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?
Adenomatoid tumors
Malignant mesotheliomas (epithelial, fibrous)
Chordomas
Adamantinomas
Synovial sarcomas
Epithelioid sarcomas
Thyroid carcinomas
Adrenal cortical carcinomas®
Epithelial neuroendocrine tumors (Merkel cell carcinomas, carcinoid tumors,
islet cell tumors, medullary carcinomas of thyroid, small cell carcinomas of lung) 14
Embryonal carcinomas, teratocarcinomas, choriocarcinomas, endodermal sinus
tumors 15
Undifferentiated/anaplastic carcinomas 1,16
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* Rare cases cytokeratin-negative but vimentin-positive

® 13 of 25 cases were cytokeratin-positive

References: 1 BATTIFORA et al. 1980; SCHLEGEL et al. 1980; BANNASCH et al. 1980; GABBIANI et al.
1981; ALTMANNSBERGER et al. 1981a, 1982; SIEINSKI et al. 1981; CASELITZ et al. 1981; EsSPINOZA
and AzAR 1982; NAGLE et al. 1983; SaBa et al. 1983; RAMAEKERS et al. 1983b, ¢; 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;
6 BARWICK and MADRI 1982; SAID et al. 1982; 7 CorsoN and PINKUS 1982; HoLDEN and CHURG
1984; La Rocca and RHEINWALD 1984; CHURG 1985; BLOBEL et al. 1985b; 8 MIETTINEN et al.’
1983a; RAJU et al. 1983; 9 Rosal and PINKUS 1982; 70 MIETTINEN et al. 1982a, 1983b; see also
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
et al. 1985d; RAMAEKERS et al. 1985a; 76 LAUDER et al. 1984 ; KAHN et al. 1984

irrespective of their degree of differentiation (for reviews, see OSBORN and WEBER
1983; RAMAEKERS et al. 1983 ¢c; 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;
PInkuUs 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 ; NI1COLSON 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. 1a), 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. 1b), 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 (MIETTINEN 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 MoOLL 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; CorsonN 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,
Paraffin-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. 1981b) 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 (MIETTINEN 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.
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Table 3. Monoclonal cytokeratin antibodies with broad or extended spectrum reactive on formalin-
fixed, paraffin-embedded tissue

Antibody  Cell type spectrum References

lu-5 Broad vON OVERBECK et al. 1985

AE1 Extended (secretory simple epithelia® and TSENG et al. 1982; SPAGNOLO et al. 1985;
suprabasal layers of epidermis negative) PINKUS et al. 1986

KL-1 Extended (basal layer of stratified VIAC et al. 1983
squamous epithelia negative)

PKK 1 Extended (epidermis negative) MIETTINEN et al. 1985d; VIRTANEN et al.

1985
CAM 5.2 Extended (most hepatocytes and all MAKIN et al. 1984

stratified squamous epithelia negative)

* Hepatocytes, pancreatic acinar cells

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-
mentin 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 (LARocCcA 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 SCHWECHHEIMER 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 References

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®

Malignant rhabdoid tumors of kidney
Adenocarcinomas of endometrium

Carcinomas of ovary?®

Granulosa cell tumors of ovary®
Adenocarcinomas of prostate

Malignant mesotheliomas

Epithelioid sarcomas

Chordomas
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* Only a minority of tumors revealed vimentin in addition to cytokeratins

> Co-expression of cytokeratins and vimentin was found in blastema cells

¢ These tumors express predominantly vimentin filaments, as well as desmoplakin

References: 1 CASELITZ et al. 1984; 2 MIETTINEN et al. 1984a; DROESE et al. 1984; SCHRODER et al.
1986; 3 JasanI et al. 1985; 4 UpToN et al. 1986; 5 HERMAN et al. 1983; HOLTHOFER et al. 1983;
P11z et al. 1987; 6 ALTMANNSBERGER et al. 1984; DENK et al. 1985; 7 VOGEL et al. 1984; 8 McNuUTT
etal. 1985; 9 DaBss et al. 1986; 710 CzERNOBILSKY et al. 1987; 71 WERNERT et al. 1986; 12 La
Rocca and RHEINWALD 1984; CHURG 1985; BLOBEL et al. 1985b; 73 MIETTINEN and DAMIANOV
1985; see also pp. 155-178; 14 MIETTINEN et al. 1983; GowN and VOGEL 1985; COINDRE et al. 1986;
ABENOZA and SIBLEY 1986

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 (P1Tz 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. 1984b; 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 2F11) 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 + + 1
Carcinoid tumors of bronchus + +/— 2
Parathyroid adenomas + +/— 3

Islet cell tumors of pancreas + +/— 4,5
Medullary carcinomas of thyroid gland® + +/— 6
Carcinoid tumors of small intestine + —/+ 4,7

Small cell carcinomas of lung + - 8

* 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 LeuTo 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 positive (VAN MUDEN 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 MUDEN et al.
1984b).

Since normal islet cells of the pancreas (MIETTINEN et al. 1985b) and Merkel
cells of the skin (MoOLL 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 multigene 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. 1981 ¢c; MoOLL 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
HEID 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 et 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; Fucss et al. 1981;
MoLL et al. 1982; SCHILLER et al. 1982; TSENG et al. 1982; HANUKOGLU and Fucas 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 (B, A ) 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;
NEeLsoN 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 normal 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 ISimple - epithelium
type
) BASIC 10 ACIDIC BASIC [ACIDIC
Cytokeratin No.® 1 34 5 6111213 1415 16 17| 7 8118 19
Molecular_weight {x10~ 3] 68 63 59 58 56]156 S5 54 S0 S50 48 46 S4 525145 40
1. Normal epithelia
Stratified squamous epithelia
Epidermis [ [ ] [ J .
Non-cornifying strat. squam.epithelium ® 0 - ® oo o o o .
Corneal epithelium [ ] [ ] [ ]
Hair follicle outer root sheath e o e * o o .
Simple epithelia
Secretory epithelial cells P e e
Intestinal epithelium oo O
Ductal epithelium © e o|0 O
Urothelium L] [ ] o o|0 o
Mammary gland ducts [ @ o oo | O
Respiratory epithelium @ [ ] ®o|l. ©0|O® ©
2. Epithelial tumors
Squamous celi carcinomas
Skin 3 o O [ ] e -
Tongue o O [ ] [ 2N .
Lung o o . . [] @|e ©
Cervix (moderately differentiated ) [ N ] [ . O .
Cervix (poorly differentiated } [ K ) @ s ¢ @/ O|° O
Hepatocellular carcinoma [ BN
Adenocarcinomas
Colon |0 o
Pancreas c/l® | ©
Endometrium 9 . e 0|O® O
Breast e o|0 ©
Lung o o|0 o
Pleural mesothelioma (epitheliai } . . 0|® ©
Smali cell carcinoma of lung . e o|O® O
Merkel cell carcinoma of skin o|® -
Transitional cell carcinoma { GI1) . . c|l® @)+ @

®

The cytokeratin polypeptides no. 2 (molecular weight 65,500; expressed in epidermis) and no.
9 (molecular weight 64,000; expressed in palmar and plantar epidermis) 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

¢ E.g., bile ducts, pancreatic ducts, renal collecting ducts

4 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 References
1. Antibodies against CK no. 10/11 K 8.60 HuszAR et al. 1986

K 92 PULFORD et al. 1985; GATTER et al. 1982, 1984
2. Antibodies against CK no. 9 Guinea pig KNAPP et al. 1986

antibodies

3. Antibodies against CK no. 3 AES SCHERMER et al. 1986; COOPER et al. 1985
4. Antibodies against CK no. 4 6B 10 VAN MUIJEN et al. 1986
5. Antibodies against CK no. 13 1C7 VAN MULEN et al. 1986

2D7 VAN MUIEN et al. 1986
6. Antibodies against CK no. 8 Troma-1 BRULET et al. 1980; TOLLE et al. 1985
7. Antibodies against CK no. 18 CK 14 DEBUS et al. 1982

RGE 53 RAMAEKERS et al. 1983a

LE 61 LANE et al. 1982, 1985

PKK 3 VIRTANEN et al. 1985
8. Antibodies against CK no. 7 CK 7 TOLLE et al. 1985

9. Antibodies against CK no. 19 A 53/B-A2 KARSTEN et al. 1985
BA 16, BA 17 BARTEK et al. 1985
LP2K LANE et al. 1985
Ks4.62 GIGI-LEITNER et al. 1986

et al. 1982; TSENG et al. 1982; for reviews, see COOPER et al. 1985; QUINLAN
et al. 198)9).

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; MoOLL 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 (VAN MULEN 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 biochemical/immunochemical 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 34BE12
(GownN and VoOGEL 1982, 1984, 1985), clone 77 (VAN MULEN 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., KA1 (NAGLE et al. 1985b), CK
B1 (CaseLITZ et al. 19864, b), and LICR-LON-16a (KNIGHT et al. 1985).

Monoclonal antibodies that selectively or preferentially stain stratified squamous epithelia include
clone 78 (VAN MUBEN et al. 1984a), 348B4 (Gown and VoGeL 1984), ZK 61 and ZK 99 (LANG
et al. 1986), and K8.12 (directed against CKs nos. 13 and 16; HuszARr 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; TseENG et al. 1982; Cooper et al. 1985), RKSE 60
(RAMAEKERS et al. 1985b), and KAS5 (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., PKK1 (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 K¢8.60 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(sS)-
interface). b Poorly differentiated squamous cell carcinoma of the palatine tonsil positive for antibody
1C7 against CK no. 13. ¢, 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 1C7 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 x240, ¢ x190, 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. (1981c). Table 6 shows the typical cytokeratin polypeptide patterns of
various types of epithelial tumors as determined using gel electrophoresis (MoOLL
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 nonsquamous 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; MoOLL et al. 1982, 1983a; NELSON et al. 1984; FucHSs 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. 1983b; 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 pseudostratified 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, 1983 a;
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 348E12 (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 (BoNAZz1 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 34fE12 (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 MUBEN 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; KARINIEMI 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 (MIETTINEN 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 (P1rz 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 PiNkuUs 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; MoOLL 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 (TPA) 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 BIJORKLUND 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 (BJIORKLUND 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 suprabasal layers of noncornify-
ing stratified squamous epithelia (see also LOENING et al. 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 al. 1986), exhibit-
ing intracellular staining patterns similar to those of cytokeratins (BEHAM et al.
1986).

Biochemically, TPA purified according to the procedures of BJORKLUND and co-workers (for
a review, see BIORKLUND 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 (LEUBE 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
subtyping, 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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1 Introduction

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 BURTIN 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, gelfiltration, Con A-Sepharose affinity chromatography and immunosor-
bent separation (SHIVELEY and Topp 1980). The purity then has to be controlled by SDS-PAGE
and immunodiffusion resulting in an about 90% precipitation of the 12°I-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 (CHANDRASEKARAN 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; SHIVELY 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®

Molecular weight Terms and synonyms Carbohydrate content
(KD) (%)
175-180 CEA (carcinoembryonic antigen) 50-60
150-170 NCA 160 (nonspecific cross-reacting antigen) 45-50
NCA 2

NFA 2 (normal faecal antigen)
MA (meconium antigen)

128 CRA-128 (colorectal antigen)
CEA-low
100 Meconium-antigen 100
90-110 NCA 95 20-30
TEX (tumor-extracted antigen)
80-85 BGP 1 (biliary glycoprotein) —40
55-65 NCA 55 -30
NCA 1
NGP (normal glycoprotein)
CEX
CCEA 2
20-30 NFA 1 10-20

* 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 sce 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 polyclonal antisera raised against CEA react with anti-
genic determinants both 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 the potentially
cross-reacting antigens (PRiMus et al. 1983; WAGENER et al. 1983a; GRUNERT et al. 1985; MURARO
et al. 1985).

HEeDIN 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 only the 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; BATGE 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
(GoLp 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; Tsurtsumi et al. 1984;
YAcHI et al. 1984) (Fig. 1). The failure of other authors to demonstrate CEA
in normal colonic mucosa (ISAACSON and LEVANN 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 Jupp (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; KLOPPEL 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 (DeELELLIS et al. 1978) and in squamous and some small cell carcino-
mas of the lung (WACHNER 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; HEDL 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 «-HCG AAT KER VIM
HCC (n=63) 24 0 2 95 11
CCC (n=18) 6 72 0 11 100 17
FNH (n=17) 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-1); VIM, Vimentin (MAb V9); CEA,
Mab specific for CEA (BMA 130 ¢)

? Kloppel, 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. 1981a, 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%
(SuousHA and Lyssioris 1978; voN KLEIST et al. 1982; WAHREN 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 (WACHNER 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 ¢ (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), x6290. B Pre-
embedding immunogold technique: Reaction products (arrow) on the surface of a QGP1 cell (left).
Control (right). x 17000



116 G. KLOPPEL and J. CASELITZ

Apart from the well known cell lines such as LoVo, QGP-1, WIDR, the
COLO series and others (SHIVELY and BEATTY 1985), an increasing number
of CEA producing cell lines have been established from colonic carcinomas
(SHr 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; Lonsg, 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 of NCA 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).
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Fig. 9. Frozen section from pancreas with chronic pancreatitis, stained with BMA 130b 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 Cooprer 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 of CEA 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 (WAGENER et al. 1981b). 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.



120 G. KLOPPEL and J. CASELITZ

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 CzARr (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 al-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 (Aoyaai 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; NAvAk 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 CCl, 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 Aepatocellular 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 MOROHOSHI, 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
(HroHasHI et al. 1979). Experimentally, AFP positive tumors frequently devel-
op in rats treated with different carcinogens (K UHLMANN 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 localized
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 polyclonal 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



Epithelial Tumor Markers: Oncofetal Antigens and Epithelial Membrane Antigen 123

show some AFP-positive cells (WAGENER et al. 1981a). 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
et al. 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 ; ORr-
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 (DELsoOL et al. 1984;
NoRrTON 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. 13B).

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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1 Introduction

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 IgA
(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 BAKLIEN 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) (EC3.21.17) PETIT and JoLLEs 1963
Amylase Enzyme 50000 JACOBSEN et al. 1966
(EC3.2.1.1) 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 al. 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 KorRSRUD 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 DoOHERTY 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 (WALLICH 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 1987a), 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 1is 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
IT 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 (KoRrs-
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); IgA
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 IgA, 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 1984 a; SAITO et al. 1984 ; SEHESTED et al. 1985; CASELITZ et al.
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1981) and Warthin’s tumors (KORSRUD and BRANDTZAEG 1984 b; SEHESTED et al.
1985) and it does seldom occur in malignant salivary gland tumors (CASELITZ
et al. 1981; Sarto etal. 1984; SEHESTED et al. 1985) (Table 2). Positivity for
Ly may thus corroborate exclusion of malignancy. Lf is 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. 1987¢).

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 (HAvAsHI 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, SIgA 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 SIgA and SIgM,
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
of liver 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 of MHC class I and I1 determi-

nants in breast neoplasia (FLEMING et al. 1981; BHAN and DEesmarals 1983;
RoWwE 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 al.,
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 (BHAN and DESMARAIS 1983 ; WHITWELL et al. 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 al. 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 HIELT 1978). Staging is considered as the most reliable
way to assess prognosis (DUKES and BusseEy 1958), but also production of SC
(ARENDS et al. 1984), DNA ploidy pattern, (WOLLEY et al. 1982; ROGNUM et al.
1982a, 1987b), and epithelial expression of class I and II determinants (DAAR
etal. 1982; RoGNUM et al. 1983; CsiBa et al. 1984; MOMBURG et al. 1986) are
claimed to afford prognostic information.

5.1.1 Secretory Component and Secretory Immunoglobulins

SC and epithelial IgA are well correlated in the same carcinomas (ROGNUM
et al. 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 al. 1976; WEIsz-
CARRINGTON et al. 1976; ROGNUM et al. 1980a, 1982b; IsAACSON 1982). Interest-
ingly, ARENDS et al. (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 (m), 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-

< 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. ¢ Well-differentiated large bowel carcinoma; yellow in
tumor epithelium (7%) signifies preserved SC-mediated transport of IgA. d Poorly differentiated
large bowel carcinoma; tumor epithelium (7u) lacks both SC and IgA. a x260, b, ¢, 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
(DAawsoN 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 (ROGNUM 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
(»<0.01). Adapted from RoGNuUM 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. 1982¢). 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. (1982¢) 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. 1987a).
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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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in normal colonic mucosa and inflammatory or dysplastic lesions of various severity. From RoGNUM
et al. (1987a)

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 Jass 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. 2b) 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 [gA (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
(RoGgNUM et al. 1980b; BRANDTZAEG 1981; BRANDTZAEG and ROGNUM 1984 a,
1984 b). 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 (VALNES et al. 1983; VALNES and BRANDTZAEG 1984). Paired immuno-
fluorescence is superior for such studies (BRANDTZAEG 1981; BRANDTZAEG and
RoGNUM 1983).
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1 Introduction

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
microtubules (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 1981b; 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 microfilaments and microtubules were also
described. Comparing the immunofluorescence pictures with electron micro-
scopic data it became clear that the decorated structures were bundles of inter-
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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
(GoLpMAN 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
1981a). 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 a-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 a-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 Fucas 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 vive 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.
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Fig. 1. A schematic representation of the domain structure of IF-proteins. The a-helical rod domain
common to all IF proteins is interrupted by the nonhelical spacers S; and S, situated between
helices Ia and Ib, and Ib and II respectively. The rod domain is flanked at the aminoterminal
side by the nonhelical headpiece (head) and at the carboxyterminal 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-L (LEwis and CowaN 1986) and NF-M show a totally differ-
ent intron arrangement. Thus currently desmin, vimentin and GFAP 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 NGar 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 FucHhs 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. microfilaments 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 intermediate 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—¢, 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
1 2 3 g4 detailssee 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).
4

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. 1984b). 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. 5¢) (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 IgGg [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. RomANOWsK1, 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). ¢ Schwann cells in a case of ganglioneuroblastoma also
express vimentin; however the ganglion cells (arrow) are unstained (a, b FITC; ¢ 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, GiorNO (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. 5a, 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. 1981a; 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, ¢). 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 (ALTMANNSBERGER et al. 1982, 1985; MIETTINEN et al. 1982¢)
2. Leiomyosarcoma, leiomyoma (EVANS et al. 1983; MIETTINEN et al. 1982b, c)

Table 2. Desmin positive tumors (own results, cryostat sections or ethanol-fixed and paraffin-embed-
ded material)

Diagnosis No. of Keratin® Vimentin  Desmin  Neuro-
cases KL1/ V9 DE-B-5/ filaments®
polycl. polycl. polycl. NR 4/
polycl.
Leiomyoma (stomach/small intestine) 7 — (+)* + -
Leiomyosarcoma 6 — (+)* + -
Embryonal rhabdomyosarcoma 26 — (+)* + -
Alveolar rhabdomyosarcoma 6 - (+)* + -
Sarcoma botryoides 2 — (+)* + -

 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)

> 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 Viac 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¢). 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 thabdomyosarcoma (c) as well as a case of epitheloid leiomyosarcoma
stained by antibodies to desmin (a, ¢, 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—, 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. 1982¢; MOLENAAR et al. 1985a) although some
authors have not always seen desmin in undifferentiated tumor cells of rhabdo-
myosarcomas (GABBIANI et al. 1981b; 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 desmin 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 (VANDEKERCKHOVE 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;
MukaAI 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; BoNAzz1 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 al. 1986b, ¢) including granular cell
tumor and glomus tumor
But: synovial sarcoma and epithelioid sarcoma coexpress K and V
2. Bone tumors (LONING et al. 1985)
But: adamantinoma and chordoma K*
. Lymphomas and leukemias in some cases heterogenous staining (GABBIANI et al. 1981b)
4. Malignant melanoma (CASELITZ et al. 1983)

w

K=XKeratin; V= Vimentin

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

Diagnosis No. of Vimentin Desmin  Neuro- Keratin®
cases V9 DE-B-5/ filaments® KL 1/
polycl. polycl. NR 4/ polycl.
polycl.
Non-Hodgkin lymphoma (LB, CB, IB, 19 (+)* — - —
CC-CB, LP-immunocytoma)
Hodgkin lymphoma 6 + — — _
Malignant histiocytosis + — — _
Ewing’s sarcoma 10 + — - —
Osteosarcoma 2 + — — —
Chondrosarcoma 2 + — — _
Soft tissue sarcoma 25 + - — _

(without muscle
sarcomas, Synovial sarcomas,
Epithelioid sarcoma)

* In some cases not all lymphatic cells are stained

® Not all tumors have been examined with all IF-antibodies. However when they have been tested
they proved negative

¢ For polyclonal antibodies see OsBORN et al. (1982a)

Monoclonal antibodies V9 OSBORN et al. (1984a); DE-B-5 DEBUS et al. (1983a); NR 4/G-A-5 DEBUS
et al. (1983b); KL 1 Viac et al. (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; ALTMANNSBERGER et al. 1986b) 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. 1983c,
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. 1982a; 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. 1983b) as well as adamantinomas (Rosar 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 vimentin-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.
1986D, ¢).

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
et al. 1983a)

2. Epithelioid sarcoma K+ V + (CHASE et al. 1984)

3. Chordoma K+ V+ (MIETTINEN et al. 1983b)

K=XKeratin; V= Vimentin

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

Diagnosis No. of Keratin  Vimentin  Desmin Neuro-
cases KL 1/ V9/ DE-B-5/ filaments
polycl. polycl. polycl. NRS5/NF-MIX
Biphasic synovial sarcoma 2 +° +° - -
Monophasic synovial sarcoma 5 (+)3/5 +5/5 — -
Epithelioid sarcoma 1 + + - -

2 Epithelial part + ® Mesenchymal part +

+ 95% of tumor cells positive; (+) 5% tumor cells positive

Polyclonal antibodies see OSBORN et al. (1982a)

Monoclonal antibodies V9 OsBORN et al. (1984a); DE-B-5 DeBus et al. (1983a); NR4/G-A-5 DEeBUS
et al. (1983b); KL 1 Viac et al. (1983)
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Fig. 8. Epithelioid sarcoma (a) and biphasic synovial sarcoma (b) stained by the monoclonal keratin
antibody KLI. Tumor cells are positive (arrow), mesenchymal cells are negative (a, 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).

Acknowledgments. We would like to thank Dr. KLaus WEBER for discussion. S. ISENBERG, P. HAHN-
KOHLBERGER and S. LUBKE for expert technical assistance and M. OBERSCHELP for help with the
manuscript.



174 M. ALTMANNSBERGER and M. OSBORN

References

Alles JU, Bosslet K (1986) Immunohistochemical and immunochemical characterization of a new
endothelial cell-specific antigen. J Histochem Cytochem 34:209-214

Altmannsberger A, Osborn M, Schauer A, Weber K (1981) Antibodies to different intermediate
proteins are cell type specific markers on fixed and paraffin embedded human tissues. Lab Invest
45:427-434

Altmannsberger M, Osborn M, Treuner J, Holscher A, Weber K, Schauer A (1982) Diagnosis
of human childhood rhabdomyosarcoma by antibodies to desmin, the structural protein of muscle
specific intermediate filaments. Virchows Arch (Cell Pathol) 39:203-215

Altmannsberger M, Osborn M, Schifer HJ, Schauer A, Weber K (1984) Distinction of nephroblasto-
mas from other childhood tumors using antibodies to intermediate filaments. Virchows Arch
(Cell Pathol) 45:113-124

Altmannsberger M, Weber K, Droste R, Osborn M (1985) Desmin is a specific marker for rhabdo-
myosarcomas of human and rat origin. Am J Pathol 118:85-95

Altmannsberger M, Dirk T, Droese M, Weber M, Osborn M (1986 a) Keratin polypeptide distribution
in benign and malignant breast tumors — subdivision of ductal carcinomas using monoclonal
antibodies. Virchows Arch (Cell Pathol) 51:265-275

Altmannsberger M, Dirk M, Osborn M, Weber K (1986b) Immunohistochemistry of cytoskeletal
filaments in the diagnosis of soft tissue tumors. Sem Diagn Pathol 3:306-316

Altmannsberger M, Alles JU, Fitz H, Jundt G, Osborn M (1986c) Mesenchymale Tumormarker.
Verh Dtsch Ges Pathol 70

Altmannsberger M, Droese M, Dralle H, Osborn M, Weber K (1987) Intermediate filament in
thyroid carcinomas. Diagn Cytopathol (to be published)

Bennett GS, Fellini SA, Croop JM, Otto JJ, Bryan J, Holtzer H (1978) Differences among 100 A
filament subunit from different cell types. Proc Natl Acad Sci USA 76:4364-4368

Bloemendal H, Quax W, Quax-Jeuken Y, van den Heuvel R, Egberts WV, van den Broek L (1985)
Vimentin and desmin cDNA clones: Structural aspects of corresponding proteins and genes.
Ann NY Acad Sci 455:95-105

Bonnazi del Poggetto C, Virtanen I, Lehto VP, Wahlstrom T, Saksela E (1983) Expression of interme-
diate filaments in ovarian and uterine tumors. Int J Gynecol Pathol 1:359-366

Brown S, Levinson W, Spudich JA (1976) Cytoskeletal elements of chick embryo fibroblasts revealed
by detergent extraction. J Supramol Struct 5:110-130

Bussolati G, Alfani V, Weber K, Osborn M (1980) Immunocytochemical detection of actin on
fixed and embedded tissues: Its potential use in routine pathology. J Histochem Cytochem
28:169-173

Caselitz J, Jinner M, Breitbart E, Weber K, Osborn M (1983) Malignant melonomas contain only
the vimentin type of intermediate filaments: Implications for histogenesis and diagnosis. Virchows
Arch (Pathol Anat) 400:43-51

Chase DR, Enzinger FM (1985) Epitheloid sarcoma. Am J Surg Pathol 9:241-263

Chase DR, Weiss SW, Enzinger FM, Langloss IM (1984) Keratin in epithelioid sarcoma. Am J
Surg Pathol 8:435-441

Czernobilsky B, Moll R, Levy R, Franke WW (1985) Coexpression of cytokeratin and vimentin
filaments in mesothelial, granulosa and rete ovarii cells of the human ovaries. Eur J Cell Biol
37:175-190

Debus E, Weber K, Osborn M (1983 a) Monoclonal antibodies to desmin, the muscle-specific interme-
diate filament protein. EMBO J 12:2305-2312

Debus E, Weber K, Osborn M (1983b) Monoclonal antibodies specific for glial fibrillary acidic
(GFA) protein and for each of the neurofilament triplet polypeptides. 25:193-203

De Jong ASH, van Vark M, Albus-Letter CH, van Raamsdonk W, Voute PA (1984) Myosin
and myoglobin as tumor markers in the diagnosis of rhabdomyosarcoma. Am J Surg Pathol
8:521-528

De Jong ASA, van Kessel-van Vark M, van Raamsdonk CHE, Voute PA (1985) Skeletal muscle
actin as tumor marker in the diagnosis of rhabdomyosarcoma in childhood. Am J Surg Pathol
9:467-474

Dellagi K, Vainchenker W, Vinci W, Paulin D, Broute JC (1983) Alteration of vimentin intermediate
filament expression during differentiation of human hemopoietic cells. EMBO J 2:1509-1514



Mesenchymal Tumor Markers: Intermediate Filaments 175

Denk H, Krepler R, Artlieb U, Gabbiani G, Rungger-Brandle E, Leocini P, Franke WW (1983)
Proteins of intermediate filaments: an immunohistochemical and biochemical approach to the
classification of soft tissue tumors. Am J Pathol 110:193-208

Donner L, de Lanerolle P, Cost J (1983) Immunoreactivity of paraffin-embedded normal tissue
and mesenchymal tumors for smooth muscle myosin. Am J Clin Pathol 80:677-681

Evans DJ, Lambert IA, Jacob M (1983) Intermediate filaments in smooth muscle tumors. J Clin
Pathol 36:57-61

Frank ED, Warren L (1981) Aortic smooth muscle cells contain vimentin instead of desmin. Proc
Natl Acad Sci USA 78:3020-3024

Franke WW, Schmid E, Osborn M, Weber K (1978) Different intermediate-size filaments distin-
guished by immunofluorescence microscopy. Proc Natl Acad Sci USA 75:5034-5038

Franke WW, Schmid E, Schiller DL, Winter S, Jarasch ED, Moll R, Denk H, Jackson B, Illmensee
K (1982) Differentiation-related patterns of expression of proteins of intermediate-sized filaments
in tissues and cultured cells. Cold Spring Harbor Symp Quant Biol 46:431-453

Gabbiani G, Schmid E, Winter S, Chaponnier C, de Chastonay, Vandekerckhove K, Weber K,
Franke WW (1981 a) Vascular smooth muscle cells differ from other smooth muscle cells: Predom-
inance of vimentin filaments and a specific a-type actin. Proc Natl Acad Sci USA 78:298-302

Gabbiani G, Kapanci Y, Barrazone P, Franke WW (1981b) Immunohistochemical identification
of intermediate-size filaments in human neoplastic cells. A diagnostic aid for the surgical patholo-
gist. Am J Pathol 104:206-216

Gawlitta W, Osborn M, Weber K (1981) Coiling of intermediate filaments induced by microinjection
of a vimentin-specific antibody does not interfere with locomotion and mitosis. Eur J Cell Biol
26:83-90

Geisler N, Weber K (1981a) Comparison of the proteins of two immunologically distinct intermedi-
ate-sized filaments by amino acid sequence analysis: desmin and vimentin. Proc Natl Acad Sci
USA 78:4120-4123

Geisler N, Weber K (1981b) Selfassembly in vitro of the 68,000 molecular weight component of
the mammalian neurofilament triplet proteins into intermediate-sized filaments. J Mol Biol
151:565-571

Geisler N, Weber K (1982) The amino acid sequence of chicken muscle desmin provides a common
structural model for intermediate filament proteins including the wool a-keratins. EMBO J
1:1649-1656

Geisler N, Weber K (1986) Structural aspect of intermediate filaments cell and molecular biology
of the cytoskeleton. In: Shay JW (ed) Plenum Press, New York London, pp 41-68

Geisler N, Kaufmann E, Weber K (1982) Protein chemical characterization of three structurally
distinct domains along the protofilament unit of desmin 10 nm filaments. Cell 30:277-286

Geisler N, Kaufmann E, Weber K (1985) Antiparallel orientation of the two doublestranded coiled-
coils in the tetrameric protofilament unit of intermediate filaments. J Mol Biol 182:173-177

Giorno R (1985) Immunohistochemical analysis of the distribution of vimentin in human peripheral
lymphoid tissues. Anat Rec 211:43-47

Giorno R, Sciotto CG (1985) Use of monoclonal antibodies for analyzing the distribution of the
intermediate filaments protein vimentin in human Non-Hodgkin lymphomas. Am J Pathol
120:351-355

Goldman RD, Knipe DM (1972) Functions of cytoplasmic fibers in non-muscle cell motility. Cold
Spring Harbor Symp Quant Biol 37:523-534

Gown AM, Vogel AM (1984) Monoclonal antibodies to human intermediate filaments proteins.
I1. Distribution of filament proteins in normal human tissue. Am J Pathol 114:309-321

Hanukoglu I, Fuchs E (1982) The cDNA sequences of a human epidermal keratin: divergence
of sequence but conservation of structure among intermediate filament proteins. Cell 31:243-252

Hanukoglu I, Fuchs E (1983) The cDNA sequence of a type II cytoskeletal keratin reveals constant
and variable structural domains among keratins. Cell 33:915-924

Hill C, Weber K (1986) Monoclonal antibodies distinguish titins from heart and skeletal muscle.
J Cell Biol 102:1099-1108

Holtzer H, Croop J, Diestmann S, Ishikawa H, Somlyo AP (1975) Effects of cytochalasin B and
colcemid on myogenic cultures. Proc Natl Acad Sci USA 72:513-517

Holtzer H, Bennet GS, Tapscott SJ, Croop JM, Toyama (1982) Intermediate-size filaments: Changes
in synthesis and distribution in cells of the myogenic and neurogenic lineage. Cold Spring Harbor
Symp Quant Biol 46:317-329



176 M. ALTMANNSBERGER and M. OSBORN

Ip W, Heuser JE, Pang YYS, Hartzer MK, Robson RM (1985) Subunit structure of desmin and
vimentin protofilaments and how they assemble into intermediate filaments. Ann NY Acad Sci
455:185-199

Jundt G, Schulz A, Altmannsberger M (1984) Alevolar soft part sarcoma. Immunocytochemical
and ultrastructural studies. J Cancer Res Clin Oncol 107:83

Kahn HJ, Yeger H, Kassim O, Jorgensen AO, McLennan MC, Baumal R, Smith CR, Philipp
MJ (1983) Immunohistochemical and electron microscopic assessment of childhood rhabdomyo-
sarcoma. Cancer 51:1897-1903

Kartenbeck J, Franke WW, Moser JG, Stoffels U (1983) Specific attachment of desmin filaments
to demosomal plaques in cardiac myocytes. EMBO J 2:735-742

Kindblom LG, Seidel T, Karlsson K (1982) Immunohistochemical localization of myoglobin in
human muscle tissue and embryonal and alveolar rhabdomosarcoma. Acta Pathol Microbiol
Immunol Scand A 90:167-174

Klymkowsky MW (1981) Intermediate filaments in 3T3 cells collapse after intracellular injection
of monoclonal anti-intermediate filament antibody. Nature 291:249-251

Lazarides E, Hubbard BD (1976) Immunological characterization of the subunit of the 100 A fila-
ments from muscle cells. Proc Natl Acad Sci USA 73:4344-4348

Lewis SA, Cowan NJ (1986) Anomalous placement of introns in a member of the intermediate
filament multigene family: an evolutionary conundrum. Molec Cell Biol 6:1529-1534

Lin JJC, Feramisco (1981) Disruption of the in vivo distribution of the intermediate filaments fibro-
blasts through the microinjection of a specific monoclonal antibody. Cell 24:185-193

Loning T, Caselitz J, Seifert G, Weber K, Osborn M (1982) Identification of Langerhans cells:
Simultaneous use of sera to intermediate filaments, T6 and HLA-DR antigens on oral mucosa,
human epidermis and their tumors. Virchows Arch (Pathol Anat) 398:119-128

Loning T, Liebsch J, Delling G (1985) Osteosarcomas and Ewing’s sarcomas. Virchows Arch (Pathol
Anat) 407:323-336

Mazur MT, Clark HB (1983) Gastric stroma tumors. Reappraisal of histogenesis. Am J Surg Pathol
7:507-520

Miettinen M, Virtanen I (1984) Synovial sarcoma — A misnomer. Am J Pathol 117:18-25

Miettinen M, Lehto VP, Virtanen I (1982a) Keratin positivity in the epithelial-like cells of classical
biphasic synovial sarcoma. Virchows Arch (Cell Pathol) 40:157-161

Miettinen M, Lehto VP, Badley RA, Virtanen I (1982b) Expression of intermediate filaments in
soft tissue sarcomas. Int J Cancer 30:541-546

Miettinen M, Lehto VP, Badley RA, Virtanen I (1982c¢) Alveolar rhabdomyosarcoma. Demonstration
of the muscle type of intermediate filament protein. Desmin as a diagnostic aid. Am J Pathol
108:246-251

Miettinen M, Lehto VP, Virtanen I (1983a) Monophasic synovial sarcoma of spindle-cell type.
Virchows Arch (Cell Pathol) 44:187-199

Miettinen M, Lehto VP, Dahl D, Virtanen I (1983 b) Differential diagnosis of chordoma, chondroid,
and ependymal tumors as aided by anti-intermediate filament antibodies. Am J Pathol
112:160-169

Miettinen M, Lehto VP, Virtanen I (1983¢) Glomus tumor cells: Evaluation of smooth muscle
and endothelial cell properties. Virchows Arch (Cell Pathol) 43:139-149

Miettinen M, Lehtonen E, Lehtola H, Ekblom P, Lehto VP, Virtanen I (1984) Histogenesis of
granular cell tumor: An immunohistochemical and ultrastructural study. J Pathol 142:221-
229

Molenaar WM, Qosterhuis JW, Oosterhuis AM, Ramackers FCS (1985a) Mesenchymal and muscle-
specific intermediate filaments (vimentin and desmin) in relation to differentiation in childhood
rhabdomyosarcomas. Hum Pathol 16:838-843

Molenaar WM, Oosterhuis AM, Ramakers FCS (1985b) The rarity of rhabdomyosarcomas in the
adult. Path Res Pract 180:400-404

Moll R, Franke WW (1986) Cytochemical cell typing of metastatic tumors according to their cytoskel-
etal proteins. In: Lapsis K, Liotta LA, Rabson AS (eds) Biochemistry and molecular genetics
of cancer metastasis. Nijhoff, Boston, pp 101-114

Moll R, Franke WW, Schiller DL, Geiger B, Krepler R (1982) The catalogue of human cytokeratins.
Patterns of expression in normal epithelia, tumors and cultures cells. Cell 31:11-24

Moll R, Cowin P, Kapprell HP, Franke WW (1986) Biology of disease: Desmosomal proteins;
New markers for identification and classification of tumors. Lab Invest 54:4-25



Mesenchymal Tumor Markers: Intermediate Filaments 177

Miiller H, Stutte HJ (1984) Untersuchungen zur Histogenese des alveoldren Weichteilsarkoms. Verh
Dtsch Ges Pathol 68:515

Mukai K, Rosai J, Hallaway BE (1979) Localization of myoglobin in normal and neoplastic human
skeletal muscle cells using an immunoperoxidase method. Am J Surg Pathol 3:373-376

Ngai J, Captanak YG, Lazarides (1985) Expression of the genes coding for the intermediate filament
proteins vimentin and desmin. Ann NY Acad Sci 455:144-157

Osborn M, Weber K (1977) The detergent-resistant cytoskeleton of tissue culture cells includes
the nucleus and the microfilament bundles. Exp Cell Res 106:339-349

Osborn M, Weber K (1983) Tumor diagnosis by intermediate filament typing. A novel tool for
surgical pathology. Lab Invest 48:372-394

Osborn M, Franke WW, Weber K (1977) Visualization of a system of filaments 7-10 nm thick
in cultured cells of an epithelioid line (PtK,) by immunofluorescence microscopy. Proc Natl
Acad Sci USA 74:2480-2494

Osborn M, Franke WW, Weber K (1980) Direct demonstration of the presence of two immunologi-
cally distinct intermediate-sized filament systems in the same cell by double immunofluorescence
microscopy. Exp Cell Res 125:37-46

Osborn M, Caselitz J, Weber K (1981) Heterogeneity of intermediate filaments expression in vascular
smooth muscle: A gradient in desmin positive cells from the rat aortic arch to the level of
arteria iliaca communis. Differentiation 20:196-202

Osborn M, Geisler N, Shaw G, Sharp GA, Weber K (1982a) Intermediate filaments. Cold Spring
Harbor Symp Quant Biol 49:423-429

Osborn M, Altmannsberger M, Shaw G, Schauer A, Weber K (1982b) Various sympathetic derived
human tumors differ in neurofilament expression. Virchows Arch (Pathol Anat) 40:141-156

Osborn M, Debus E, Weber K (1984a) Monoclonal antibodies specific for vimentin. Eur J Cell
Biol 34:137-143

Osborn M, Altmannsberger M, Debus E, Weber K (1984b) Conventional and monoclonal antibodies
to intermediate filament proteins in human tumor diagnosis. In: Cancer cells, vol 1, The trans-
formed phenotype. Cold Spring Harbor Laboratory, Cold Spring Harbor, pp 191-200

Osborn M, Dirk T, Kiser M, Weber K, Altmannsberger M (1986a) Immunohistochemical localiza-
tion of neurofilaments and neuron-specific enolase in 29 cases of neuroblastoma. Am J Pathol
122:433-442

Osborn M, Hill C, Altmannsberger M, Weber K (1986b) Monoclonal antibodies to titin in conjunc-
tion with antibodies to desmin separate rhabdomyosarcomas from other tumor types. Lab Invest
55:101-108

Pruss RM, Mirsky R, Raff MC, Thorpe R, Dowding AJ, Anderton BH (1981) All classes of inter-
mediate filaments share a common antigenic determinant defined by a monoclonal antibody.
Cell 37:419-428

Quax W, Egbert WV, Hendriks W, Quax-Jeuken A, Bloemendal H (1983) The structure of the
vimentin gene. Cell 35:215-223

Quax W, van den Heuvel R, Egbert WV, Quax-Jeuken A, Bloemendal H (1984) Intermediate filament
cDNAs from BHK-21 cells: Demonstration of distinct genes for desmin and vimentin in all
vertebrate classes. Proc Natl Acad Sci USA 81:5970-5974

Quax W, Van der Broeck L, Egbert WV, Ramaekers F, Blomendal H (1985) Characteriztion of
the hamster desmin gene: expression and formation of desmin filaments in nonmuscle cells after
gene transfer. Cell 43:327-338

Quinlan RA, Franke WW (1982) Heteropolymer filaments of vimentin and desmin in vascular smooth
muscle tissue and cultured hamster kidney cells demonstrated by chemical crosslinking. Proc
Natl Acad Sci USA 79:3452-3456

Quinlan RA, Franke WW (1983) Molecular interactions in intermediate-sized filaments revealed
by chemical crosslinking. Eur J Biochem 132:477-484

Roholl PJM, Kleyne J, Pipjers HW, van Unnik JAM (1985a) Comparative immunohistochemical
investigation of markers for malignant histiocytes. Hum Pathol 16:763-771

Roholl PJM, Keyne J, Elbers H, van der Vegt MCD, Albus-Lutter CH, van Unnik JAM (1985b)
Characterization of tumor cells in malignant fibrous histiocytomas and other soft tissue tumors
in comparison with malignant histiocytes. J Pathol 147:87-95

Roholl PIM, Kleyne J, van Unnik JAM (1985¢) Characterization of tumor cells in malignant fibrous
histiocytomas and other soft tissue tumors in comparison with malignant histiocytes. II. Immuno-
peroxidase study on cryostat sections. Am J Pathol 121:269-274



178 M. ALTMANNSBERGER and M. OsBORN: Mesenchymal Tumor Markers

Rosai J, Pinkus GS (1982) Immunohistochemical demonstration of epithelial differentiation in ada-
mantinoma of the tibia. Am J Pathol 6:427-434

Salisbury JR, Issacson PG (1985) Synovial sarcoma. J Pathol 147:49-57

Schmid E, Osborn M, Rungger-Briandle E, Gabbiani G, Weber K, Franke WW (1982) Distribution
of vimentin filaments in smooth muscle tissue of mammalian and avian aorta. Exp Cell Res
137:329-340

Sharp G, Osborn M, Weber K (1982) Occurrence of two different intermediate filament proteins
in the same filament in situ within a human glioma cell line. Exp Cell Res 141:385-395

Slootweg P, de Wilde P, Vooijs, Ramaekers F (1983) Oral granular cell lesion. Virchows Arch
(Pathol Anat) 402:35-45

Small JV, Sobieszek A (1977) Studies on the function and composition of the 10 nm (100 A ; filaments
of vertebrate smooth muscle. J Cell Sci 23:243-268

Steinert PM (1978) Structure of the three-chain unit of the bovine epidermal keratin filament. J
Mol Biol 123:49-70

Steinert PM, Rice RH, Roop DR, Trus BL, Steven AC (1983) Complete amino acid sequence
of a mouse epidermal keratin subunit and implication for the structure of intermediate filaments.
Nature 302:794-800

Thornell LE, Eriksson A, Stigbarnd T, Sjostrom M (1978) Structural proteins in cow Purkinje
and ordinary ventricular fibres — a marked difference. J Mol Cell Cardiol 10:605-616

Thornell LE, Erikson A, Edstrom L (1983) Intermediate filaments in human myopathies in cell
and muscle motility, vol 4. Dowben RM, Shay JW (eds) Plenum Press, New York London

Tolle HG, Weber K, Osborn M (1986) Microinjection of monoclonal antibodies to vimentin, desmin,
and GFAP in cells which contain more than one IF-type. Exp Cell Res 162:462-474

Tokuyasu KT, Dutton AH, Singer SJ (1983) Immunelectronmicroscopic studies of desmin (skeletin)
localization and intermediate filament organization in chicken cardiac muscle. J Cell Biol
96:1736-1742

Tsokos M, Howard R, Costa J (1983) Immunohistochemical study of alveolar and embryonal rhabdo-
myosarcoma. Lab Invest 48:148-155

Tsukada T, McNutt MA, Ross R, Gown AM (1987) HHF, a muscle actin-specific monoclonal
antibody. II: Reactivity in normal, reactive, and neoplastic human tissues. Am J Pathol (to
be published)

Vandekerckhove J, Weber K (1979) The complete amino acid sequence of actin from bovine aorta,
bovine heart, bovine skeletal muscle. Differentiation 14:123-133

Viac J, Reano A, Brochier J, Staquet MJ, Thivolet J (1983) Reactivity pattern of a monoclonal
antikeratin antibody (K1 1). J Invest Dermatol 81:351-354

Virtanen I, Miettinen M, Lehto VP, Kariniemi AL, Paasivo R (1985) Diagnostic application of
monoclonal antibodies to intermediate filaments. Ann NY Acad Sci 455:635-648

Wang K, McClure J, Tu A (1979) Titin major myofibrillar components of striated muscle. Proc
Natl Acad Sci USA 76:3698-3702

Weber K, Geisler N (1984) Intermediate filaments — from wool — a-keratins to neurofilaments:
structural overview. In: Cancer cells, vol 1, The transformed phenotype. Cold Spring Harbor
Laboratory, Cold Spring Harbor, pp 153-159

Weiss SM, Langloss JM, Enzinger FM (1983) Value of S-100 protein in the diagnosis of soft tissue
tumors with particular reference to benign and malignant Schwann cell tumors. Lab Invest
49:200-308

Zehner ZE, Paterson BM (1985) The chicken vimentin gene: aspects of organization and transcription
during myogenesis. Ann NY Acad Sci 455:79-94



Mesenchymal Tumor Markers: Special Proteins
and Enzymes *

H.F. OtTO, R. BERNDT, K. SCHWECHHEIMER and P. MOLLER

1 Introduction . . . . . . . . . . .. L Lo 179
2 Myosin . ... L e e e e e e e e 180
3 Myoglobin . . . . . . ... L 184
4 Lysozyme . . . . . . . . ..o 186
5 Alpha-1-Antitrypsin . . . . . . . . . . . ... Lo 190
6 Alpha-1-Antichymotrypsin . . . . . . . . . . . . . . . .. ... 190
7 Protein S-100 . . . . . L Lo 191
8 Ferritin . . . . . ..o 195
9 Transferrin . . . . . . . L L L L e e e 196
10 Factor VIII Associated Antigen . . . . . . . . . . . . . . ... ... 196
11 Conclusions . . . . . . . . . ..o 197
References . . . . . . . . . . . Lo 197

1 Introduction

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, a,-antitrypsin, o,-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 =x22 kD). Each heavy chain consists of a globular headpiece
and a long rodlike o-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. of Internal Medicine III (Cardiology) at Heidelberg Universi-

Fig. 1. a Myosin immunoreactivity in normal skeletal muscle fibers by the monoclonal antibody [>
1B2/1H4; x160. b Myosin immunoreactivity in normal skeletal muscle is restricted to some fibers;
anti-myosin 4B8/1A7; x 160. ¢ Demonstration of myosin microfilaments in the muscle layer of small
intestine; monoclonal anti-myosin antibody 5C9/3E2; x 160. & 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; x160. ¢ Rhabdomyosarcoma: myosin immunoreaction in some spindle-shaped or strap-like
tumor cells; x 250. a—¢ PAP method; AEC; haematoxylin counterstain



Fig. 3. a Immunoreaction of factor VIII-associated antigen in a malignant haemangioendothelioma
x 140. b Kaposi sarcoma (note the discontinuity of swollen endothelial cells): FVIIlaAg in the endothe-
lium as well as in the cytoplasm of some tumor cells (arrows); x 140. ¢, 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; x140. g Neurofibroma with numerous protein S-100-positive Schwann cells;
% 90. a—g PAP method; AEC; haematoxylin counterstain
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Table 1. Myogenic marker proteins

Desmin Myoglobin  Myosin
Rhabdomyoma
Rhabdomyosarcoma + (+) +/—2
Leiomyoma
Leiomyosarcoma + — +/-—2

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

ty) were initially raised against human cardiac myosin (KATUS et al. 1982, 1984;
KHAw et 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¢). 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 4B8/1A7 and 2D7/1C2 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. 1b). 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. 2¢, 3¢). Best results for the
positive staining were obtained by 1B2/1H4, the antibody that binds to 100%
of the skeletal muscle fibres (Fig. 1a). 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 al. 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; BrooOks 1982), although the sera
applied showed, at least in some hands, cross-reactivity with nonmuscular cells
(Eusesl 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 PINKuUs (1981): 13/17; Brooks (1982):
25/28; KAHN et al. (1983b): 16/53 of the embryonal vs. 8/12 of the alveolar
type; KaGcawa et al. (1983): 13/26; JONG et al. (1984): 11/23; Royps et al. (1985)
18/26; EuseBl 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 f-enolase and KAHN et al. (1983 b) 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. 1d, 3¢, 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 f(1-4)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
KLockARS and REITAMO (1974) and MAsoN and TAYLOR (1975) on the tissue distribution of lysozyme,
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. 1981a; ROHOLL et al. 1985). Juvenile xanthofibroma
was found to consist predominantly of lysozyme-positive histiocytic cells (SoN-
oDA et al. 1985; Seo 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 (MoTol 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:pos. n:pos. n:pos. n:pos.
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Lipoma

Leiomyoma

Fibroma

Dermatofibroma/cut. histiocytoma
Fasciitis

Neurofibroma

Schwannoma

Liposarcoma

Leiomyosarcoma
Rhabdomyosarcoma

Myogenic sarcoma, n.f.sp.®
Fibrosarcoma
Dermatofibrosarcoma protuberans
Aggressive fibromatosis
Malignant fibrous histiocytoma
Infantile hemangiopericytoma
Hemangiopericytoma

Malignant hemangioendothelioma
Malignant synovialoma
Neurogenic sarcoma
Neuroblastoma

Epithelioid sarcoma

Spindle cell sarcoma, n.f.sp.
Pleomorphic sarcoma, n.f.sp.
Sarcoma, n.f.sp.
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Total 89

# Diagnosis made on conventional histological grounds
® n.fisp.: not further specified; n: pos.: number of tumors characterized as
reactivity

3

‘positive”; *: weak

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 «,-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,
5a, 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. ¢ Ferritin immunorcaction in the majority of tumor cells
of a malignant fibrous histocytoma; x90. 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;
% 90. f 44T immunoreaction in slender processes of fibrosarcoma cells; x 140. g AAT in a pleomorphic
liposarcoma is restricted to some cells; x 140. a-g PAP method; AEC; haematoxylin counterstain



Fig. 5. a Tumor-forming subtype of myelo-monocytic leukaemia: lysozyme in scattered leukaemia
cells; x250. b Malignant histiocytosis of the intestine: lysozyme immunoreactivity in some tumor
cells; x400. ¢ Angiogenic sarcoma, H & E stain, x 250; inset: Demonstration of AA4T in individual
tumor cells; x250. d Fibrosarcoma: ACT immunoreaction in a large number of spindle-shaped
tumor cells; x 250. a—d PAP method; AEC; haemetoxylin counterstain
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5 Alpha-1-Antitrypsin

o, -antitrypsin (AAT), a glycoprotein of 51 kD (CARRELL et al. 1982), is the major component of
the a;-electrophoretic 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
(WILsSON 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 a,-antichymotrypsin, AAT 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, 5¢). At present we doubt wheth-
er this marker is likely to be a helpful tool for a specific differential diagnostic
problem.

6 Alpha-1-Antichymotrypsin

o, -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-100" due
to its solubility in 100% ammonium sulfate at neutral pH. The heterogeneous protein fraction
consists of two subunits (« and §) 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 a,, S-100a and S-100b that
are characterized by the same molecular weight (21 kD) and similar pH (about 4.3). They differ,
however, in their subunit composition (o, of and B, respectively; ISOBE et al. 1978, 1981, 1983).
The physiological role of this dimerization is not clear. Amino acid sequence analysis of the a-
and f-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 Ca?*-mediated control of the assembly and disassembly of brain microtubule proteins
in vitro (BAUDIER et al. 1982; DonaTo 1983; ENDO and HipAKA 1983). In addition, S-100 (a+b)
interferes with the nucleation and the elongation of microtubule proteins by interacting with tubulin
(DoNATO 19844, b). Furthermore, S-100 (a +b) is a Zn?*-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 Ca2*, i.e. the inhibition of assembly and promotion of disassembly of microtubule
proteins. In the presence of Zn2*, rat S-100 and ox S-100a and S-100b inhibit assembly, while
S-100a, 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
(MaTuUs 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 (Coccria 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
(NAKATIMA 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. IIf) and in human thymic medulla (TAKAHASHI
et al. 1981; NAKAJIMA et al. 1982; MECHTERSHEIMER et al. 1986), Langerhans cells of the epidermis
(NAKATIMA 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 (NAKAJNMA 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 AMAGUCHI 1980 ; 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).

< Fig. 6. a Neurofibroma: protein S-100 reaction in the majority of spindle-shaped wavy Schwann
cells; x160. b Rhabdomyosarcoma: transferrin reaction in most, possibly all tumor cells; x 250.
¢ Unclassified sarcoma. ferritin in some scattered tumor cells; x 160. d Pleomorphic liposarcoma:
ferritin in most tumor cells; x 250. a—d 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. 0/12
Fibrosarcoma 0/2 Malignant synovialoma 0/2
Dermatofibroma/cut. histiocyt. 0/3 Epithelioid sarcoma 0/2
Malignant fibrous histiocytoma 2/52 Spindle cell sarcoma, n.f.sp. 4/112
Neurofibroma 1/1 Pleomorphic sarcoma, n.f.sp. 0/4
Cellular schwannoma 0/1 Unclassified sarcoma 2/6*
Neurogenic sarcoma 0/2 Hemangiopericytoma 0/3
Neuroblastoma 0/1 Malignant hemangioendothelioma 0/1
Lipoma 1/1
Liposarcoma 8/232 Total 88

2 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; CoccHIA 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
(HasHMOTO 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
etal. 1983; KiNnpBLOM et al. 1984; RopE 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 et al. 1981, 1983; NAKAIJMA et al. 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 (WATANABE et 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 of limited 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. 1984 b). 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. 4b, ¢, 6¢, 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 f; serum globulins. It has a molecular weight of 88 kD and is synthesized
in liver cells (Vassy 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 Fe** 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 (McCowMB 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;
KinpsLom 1982). FVIIIaAg has been used as a marker for tumors of vascular origin (FEIGL et al.
1976, BURGDORF et al. 1981b; SeHesTED and Hou-JENSEN 1981), of fibrous haematopoetic tumors
(MEISTER and GOESSNER 1983) and Kaposi’s sarcoma (NADJ1 et al. 1980; GuarDA et al. 1981; MopLIN
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. 1981b). 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 1) 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 FVIIIaAg-negative. We
suggest that in a case of poorly differentiated sarcoma, the detection of clearly
FVIIlaAg-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 FVIIIaAg 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 FVIIIaAg does not. Therefore, the combination
of these 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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1 Introduction

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-
aminoglycan 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. 1A, 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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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 (Io0zzo 1985b)
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?®

Mesothelioma 1. elevated hyaluronic acid in tissue and effusions

2. elevated chondroitin sulfate in tissue
Wilms’ tumor elevated hyaluronic acid in tissue, blood and urine
Chondrosarcoma decrease in keratan sulfate content and chain length
Colon carcinoma elevated chondroitin sulfate proteoglycan, with smaller chains
Hepatoma abnormal levels of heparan sulfate with lower degree of sulfation
Plasmocytoma abnormal circulating levels of heparan sulfate with anticoagulant activity

* 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-



212 R. Iozzo

tain high levels of hyaluronic acid (CASTOR and NAYLOR 1977). We have reported
(Iozzo 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 (KAwar 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
(Hopwoobp and DoORFMAN 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
(Iozzo 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 0-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 KoiMa 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 MoORA 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 HampsoNn 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 of transfor-
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 collagen 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-
HusANEN 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. 1983 a). Concur-
rently, type IV collagenase immunoreactivity has been detected in invasive breast
carcinoma (BARSKY et al. 1983b). 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 (VLODAVsSKY 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



216 R. Iozzo

types of human tumors. However, little 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
(SCHURCH et al. 1981). Furthermore, we have shown (I0zzo 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, (I0zzo 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. 4¢),
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—f). 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 (¢, 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 (f) 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, ¢) 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 x140

the growth of mammary carcinoma (LEwkoO et al. 1981). In a recent study,
we (I0zzo 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 play a 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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1 Introduction

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;
FomART 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. 1t 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 (FLOTTE 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; BurLock and Petrucz 1982, 1983;
TAYLOR 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 al. 1980; FOIDART and YAAR 1981; KUEHN et al.
1981; WEBER et al. 1984a, b; MARTIN et al. 1985), against laminin (TIMPL et al. 1979; FOIDART
et al. 1980; ENGEL et al. 1981; ALBRECHTSEN et al. 1981; TiMpL et al. 1982) and against fibronectin
(LINDER et al. 1985; ENGVALL et al. 1978; KUUSELA et al. 1978; NErI et al. 1981; RUOSLAHTI et al.
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 as fibronectin, 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. 1981a, b). Collagen type IV has
an alpha helical structure which is interrupted by protein sequences which are different from Glycine-
X-Y. 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. 1981a, 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. 1981a, 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; RuUOSLAHTI 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; HANTAI 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 of fibronectin 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 YAAR
1981; LAURIE 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 sclerodermia
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 fibronectin, 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 immunoelectronmicros-
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 proteoglycan 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 heparan sulfate seems to follow that of laminin 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 especially been analysed with respect to the production site is fibronectin.
Fibronectin has been thought to interfere with the metastatic behaviour of tumor cells (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 cells.
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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 Spynthesis 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 (GAYy 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 (L10TTA 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 ; L1OTTA 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 Intrinsic components
(collagen type IV, laminin, heparansulfate)

Preinvasive carcinomas Basal membrane labelling with interruptions

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

carcinomas
Sarcomas
Leiomyosarcoma Irregular pericellular staining in well
Neurofibrosarcoma differentiated areas
Liposarcoma
Malignant fibrous histiocytoma Vascular basal membrane labelling
Osteosarcoma No pericellular staining

Malignant hemangiopericytoma
undifferentiated sarcomas
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Table 1 (continued)

Tumor Extrinsic components
(fibronectin)
Preinvasive carcinomas Basal membrane labelling with

interruptions, present in the stroma

Invasive carcinomas present in the stroma
intensely in desmoplastic reaction

Sarcomas
Leiomyosarcoma irregular pericellular labelling
Neurofibrosarcoma
Liposarcoma
Malignant fibrous histiocytoma irregular peri- and intercellular labelling
Osteosarcoma and vascular basal membrane labelling

Malignant hemangiopericytoma
undifferentiated sarcomas

4.2.1 Skin and Mucosa (Figs. 1, 2)

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 of laminin 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 I'V 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).
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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. 1983 a, b; CASELITZ
1984; Toro 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. 1983 a,
b; CASELITZ 1984; CASELITZ et al. 1986; ToimDA 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
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