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.. since that very issue is one that I may not be facing as a philosopher
should, but rather as one bent on victory, like those quite devoid of education.
They too, when they dispute about something, care nothing for the truth of
the matter under discussion, but are eager only that those present shall accept
their own thesis.

SOCRATES in PLATO’s Phaedo (91a).

Preface

The first review of malignant lymphomas, other than Hodgkin’s disease,
in this Handbook series was given by C. STERNBERG in 1926. It comprised
seven pages. The magnitude of this second presentation of the same subject
reflects the enormous increase in knowledge gathered over the past 50 years.
Experimental immunology and lymphocyte research of the past two decades
are especially to blame. They forced us to reconsider lymphocytic reactions
and neoplasms and to correlate these with new experimental data. In order
to make such correlations, it was necessary to apply the tools of experimental
immunology to the definition of the cells involved. In this way, it was possible
not only to redefine the normal and reactive cells of lymphatic tissue, but
also to come to a better understanding of the malignant neoplasms of these
cells.

In collaboration with E. KAISERLING, N. MoHR1, H.K. MULLER-HERMELINK,
and H. SteIN, I have endeavored since 1970 to study and to classify the malignant
lymphomas in the light of modern lymphocyte research. Our investigations
made use of both special morphologic methods (Giemsa staining in sections,
imprints, cytochemistry, and electron microscopy) and immunologic techniques.
The major morphologic groundwork for our lymphoma studies was laid by
the experimental work of F.J. KEUNING and his school. With the help of the
methods we applied, particularly the immunologic techniques, it was possible
to confirm some of our earlier, morphologically defined concepts, e.g., the
morphologic identity of germinal-center cells and the tumors of these cells.
It was also possible, however, to eliminate certain errors made in the past. It was
shown, for instance, that most cases of “‘reticulosarcoma’” are actually immuno-
blastic lymphomas. Furthermore, some new entities were discovered, e.g., lympho-
plasmacytoid immunocytoma.

These and other data encouraged us to make an attempt to draft and pursue
a new concept of the malignant lymphomas other than Hodgkin’s disease,
which are now generally known as ‘““non-Hodgkin’s lymphomas”. We were
honored to have our concept accepted in principle by the other members of
the European Lymphoma Club, R. GERARD-MARCHANT, Ir1S HAMLIN, F. RILKE,
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A.G. STANSFELD, and J.A.M. vaN UNNIK. In joint discussions in 1974, the
Club worked out a new terminology that was acceptable to all members and
will hopefully be acceptable to other pathologists. Since then, it has been called
the Kiel Classification. We are also pleased that the clinicians belonging to
the Kiel Lymphoma Study Group—foremost A. STACHER and G. BRITTINGER —
have been able to present preliminary data on the clinical relevance of the
new classification. Finally, our optimism was fortified by the findings of
R.J. Lukes and R.D. CoLLINS, which largely concur with ours in both concept
and practical significance.

This book is divided into six main sections. First, there is a chapter on
normal cytology that supplements and, in some respects, revises the presentation
given in Part A of this Handbook (1961). H.K. MULLER-HERMELINK played
a major role in the writing of the first chapter. The second chapter is a brief
description of the light-microscopic techniques that are used in our laboratories
and have proved to be suitable for a precise diagnosis of lymph-node diseases.
In the third chapter, a number of basic considerations are presented in relation
to malignant lymphomas and their classification. Part Four is the focus of
this book. In separate chapters on each type of lymphoma, it describes the
histologic, cytologic, and cytochemical features of each one. Furthermore, in
conformity with Part A, it provides data on the occurrence, localization, diag-
nosis, differential diagnosis, and prognosis of the various types of lymphomas.
N. Monri of Tokyo had a major part in the preparation of the histologic
and statistical data. In Part Five, E. KAISERLING presents the ultrastructure
of the malignant lymphomas. Part Six was written by H. STEIN and describes
immunologic techniques and the results of their application to lymphomas.

Hodgkin’s disease and the malignant neoplasms of reticulum cells have been
left out of this book on purpose. Although much is known about Hodgkin’s
disease, we are still looking for answers to fundamental questions, e.g., the
origin of Sternberg-Reed cells. The whole concept of reticulosarcoma and malig-
nant reticulosis (histiocytosis) was upset by the separation of immunoblastic
lymphoma and will have to be reconsidered and studied with new methods.

The magnitude of this book may be appalling at first. Nevertheless, it is
incomplete in many respects. For instance, the historical review of some of
the lymphomas is unjustly confined to the literature written in English, French,
and German. Readers who are familiar with other languages are asked to
forgive this selection. I recommend the reader who is in a hurry, i.e., the
pathologist who is looking for quick information under the pressure of daily
routine, to concentrate on the sections Definition and Diagnosis in each chapter
of Part Four and on the illustrations. The most important diagnostic criteria
are summarized in tabular form.

Since the publishers gave us no other choice but to publish this book in
English, we were at a loss for a good translation. So we were all the more
thankfulthat F.D. DALLENBACH, Deutsches Krebsforschungszentrum, Heidelberg,
spontaneously offered to translate the manuscript—truly a great sacrifice for
an active scientist. He translated about half of the book. The other half was
translated with help of Mrs. M. SOEHRING, our secretary from Boston.
A.G. STANSFELD, Department of Pathology, St. Bartholomew’s Hospital, Lon-
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don, was then kind enough to read most of the English manuscript from the
viewpoint of a lymphoma expert and to make helpful suggestions.

The original manuscript of Parts Two, Three, and Four was delivered to
the translator in May 1975. Later, we were able to include references that
appeared up to July 1, 1976. More recent references could merely be mentioned
here and there or added to the footnotes. Parts One and Five were completed
in June 1976, again, more recent literature could not be taken into full consider-
ation. Part Six was not ready until January 1977; the literature cited in that
chapter is, understandably, the most up-to-date. It is evident from the text
of the chapters written in 1975, however, that the investigations of the past
two years have not necessitated any significant changes.

We are aware that our concept will not be the last word. The future will
have to show how far it fulfills the ultimate criterion of scientific truth, viz.:
the ability to forecast events. Nevertheless, we believe that it is time to abandon
all the old lymphoma concepts that pathologists have become so fond of, and
to embark on a new one that takes account of both the structure and the
function of the tumor cells. One should no longer cling to old, scientifically
incorrect classifications, even if they have so far been clinically useful —there
are no arguments indicating that our new classification is not just as clinically
useful.

In London in 1973, H. RApPAPORT quoted an old saying, which is symboli-
cally inscribed on a bridge: “Alles ist nur ein Ubergang” —everything is merely
a transition. Our classification may be seen as such a transition. Its purpose
is to help the sufferers from lymphoma without hindering scientific progress.

Kiel, February 1978 KARL LENNERT
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Part One
The Cytologic, Histologic,
and Functional Bases for a Modern
Classification of Lymphomas

H.-K. MULLER-HERMELINK and K. LENNERT

Since 1961, when Part A of this Handbook appeared, experimental lympho-
cyte research and immunology have provided so many revolutionary data that
it is necessary to reassess our cytologic and histologic bases of classification.
Therefore, some of the most important data will be presented here. This will
lead to a substantial widening of our horizons of 1961 and also to certain
corrections. These cannot affect the morphology itself, of course, but rather its
interpretation, in particular that of the cytogenetic derivation of the cells and
their different morphologic appearances. Above all, it has become evident that
lymphocytes and plasma cells are not derived from reticulum cells. Instead,
stimulation and transformation of small lymphocytes result in the development
of large blast cells (immunoblasts, centroblasts), which serve as the precursors
of lymphocytes and plasma cells. Some other variants (stimulated lymphocytes,
“immature sinus histiocytes”) that have been separated morphologically are
probably such transformed or activated lymphocytes. Furthermore, it has been
shown that most macrophages and one of their specific functional forms, namely,
epithelioid cells, are of monocytic origin.

Although an “*undifferentiated” reticulum cell may no longer be considered
to be the mother cell of all lymphocytic and plasmacytic cells, the structural
cells of lymphatic and hemopoietic tissue are still of great importance. New
findings indicate that one can no longer speak of the reticulum cell, but
instead must distinguish at least four different types with different morphologies,
localizations, enzyme contents, and functions.

In addition, the concepts RES and RHS have been criticized and replaced
by the concept “MPS” (mononuclear phagocyte system).! The following cells
are included in the MPS: monocyte precursors in the bone marrow, blood
monocytes, and tissue macrophages derived from monocytes. The latter include
histiocytes of the connective tissue, Kupffer cells of the liver, alveolar macro-
phages of the lung, free and fixed macrophages in the spleen and lymph nodes,
macrophages in bone marrow, pleural and peritoneal macrophages, osteoclasts
(7), and microglial cells (?). The basis for inclusion in the MPS is similarity
in the origin, cytogenetics, function, and morphology of the phagocytes. Using

! VaNn FurtH, COHN, HIRSCH, HUMPHREY et al., 1972.
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Table 1. Comparison of our nomenclature used for lymph-node cells in 1961 and at present

1961

1976

Reticulum cell,
medium-sized and large

Small reticulum cell
Histiocyte

Immature histiocyte of sinuses
Epithelioid cell

Retikulire Reizzellen

Basophilic stem cell
Lymphoblast
Germinoblast
Germinocyte?®

Plasmablast
Proplasmacyte
Lymphatic plasma cell
Reticular plasma cell

Same, but 4 types:
histiocytic
fibroblastic
dendritic
interdigitating

? (Monocyte?)

Monocyte

Stimulated lymphocyte

Same

Lymphatische Reizformen
(stimulated lymphocytes)

Immunoblast (B and T)
T-associated plasma cell
Centroblast
Centrocyte

Same

Same

Same (lymphoplasmacytoid cell)
Same (Marschalké type)

Tissue mast cell Mast cell
Blood mast cell Basophil granulocyte

* First defined in 1964 (not in 1961)

these criteria, reticular cells, dendritic cells, endothelial cells, and fibroblasts
(fibrocytes) are excluded from the MPS. In contrast, DAEMS ' * and other authors
have presented morphologic and functional evidence that there are two types
of macrophages in animal tissue. One type was said to be monocytogenic and the
other histiogenic. They have been differentiated by ultrastructural demonstration
of different patterns of peroxidase activity.

The new knowledge gained has also led to new terms. Therefore, we present
a table comparing our terms of 1961 with those used today (Table 1).

I. Lymphocytes

A. A New Understanding of Lymphocyte Physiology

Before we turn to the morphology of the various structures of the lymphatic
tissue, we must heed three established facts about the physiology of lymphocytes:

1a Dagms and BREDEROO, 1971 ; DAEMs, KOERTEN and SORANZO, 1976.
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(1) lymphocytes are not obligate end cells; (2) lymphocytes are a heterogeneous
group of cells with different origins and functions; (3) lymphocytes are destined
to migrate —they are found only temporarily in lymphatic tissue.

1. Lymphocytes Are Not Obligate End Cells

NoweLL? showed that an extract of the green bean (Phaseolus vulgaris),
phytohemagglutinin (PHA), otherwise used to induce hemagglutination, can
also stimulate lymphocytes to divide by mitosis. In light-* and electron-micro-
scopic* studies, it could be shown that the lymphocytes transform into large blast
cells. This takes only 48-—72 hours. Since these reports appeared, a number
of other lectins have been described as mitogenic substances. One of these
substances, pokeweed mitogen (Phytolacca americana),’ has acquired a certain
significance for humans, since it was the first lectin observed to stimulate not
only transformation into blast cells, but also further development into plasma
cells.® It has been shown that differences in the effects induced by various
lectins are caused by the activation of different lymphocyte subpopulations,
e.g., the activation of T-lymphocytes by PHA and of T- and B-lymphocytes
by pokeweed mitogen (see Part Six). Antigens may also effect in-vitro transforma-
tion of lymphocytes. In that case, however, only the specifically reacting lympho-
cyte clone becomes stimulated. In contrast, under the influence of mitogen
a large number of different lymphocyte clones are stimulated nonspecifically
(independent of antigen). Therefore, this process has been called polyclonal
activation.” At the individual cellular level the transformation of lymphocytes
through stimulation by mitogen or antigen leads to the same result; thus,
the plasma cells that arise after activation with pokeweed mitogen actually
produce considerable amounts of IgM. 8

These and numerous other experiments have shown that the small lympho-
cytes are not end cells, since they can be stimulated to transform into large
blast cells. That is the process by which lymphocytes enter the cell cycle. The
blast cells show very active mitotic division. Some generate specific effector
cells such as plasma cells, while others produce lymphocytes that enlarge the
respective clone of specifically reacting immunocompetent cells (clonal expan-
sion, memory cells).

“Lymphopoiesis” in the lymph node appears to be the result of such transfor-
mations of specifically sensitive lymphocyte clones, which are furnished by the
bone marrow or thymus. It has not been determined whether there is another
lymphopoiesis in the lymph node that serves to provide lymphocytes of various
specificities (clonal diversification). KEUNING ? attributes such a function to ger-

2 1960. 5 FARNES, BARKER, BROWNHILL and FANGER,
3 NOwELL, 1960; CoOPER, BARKHAN and HALE, 1964.

1963; YOFFEY, WINTER, OsMOND and MEEK, 8 CHESSIN, BORJESON, WELSH, DOUGLAS et al.,
1965. 1966 ; DouGLAS, HOFFMAN, BORJESON and CHES-

4 InMaN and COOPER, 1963, 1965; MARSHALL SIN, 1967.

and ROBERTS, 1963; TANAKA, EPSTEIN, BRECHER 7 GREAVES and JANOsSY, 1972.

and STOHLMAN, 1963. 8 PARKHOUSE, JANOSSY and GREAVES, 1972.
% 1972.
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minal centers. Morphologically, the process would probably be equivalent to
the specific transformation. Therefore, it has become improbable that an indepen-
dent, morphologically separable “lymphoblast” exists besides the transformed
T-lymphocytes (= T-immunoblasts) and the transformed B-lymphocytes (=cen-
troblasts) in the peripheral lymphatic tissue of the adult organism.
Lymphopoiesis is fundamentally different from granulopoiesis. In granulo-
poiesis billions of granulocytes develop from precursors every day and perish
in the fulfillment of their function, i.e., they are end cells. The formation and
maturation of cells in the central lymphatic organs, namely, the bone marrow
and thymus, lead on the one hand to lymphocytes that transform into effector
cells after contact with the corresponding antigen and then die in the fulfillment
of their function. On the other hand, under antigenic stimulation, new lympho-
cytes that can react to the appropriate antigens are formed via a blast-cell
stage. Therefore, the lymphocytes produced in the central organs represent
the end of lymphopoiesis in these organs and the beginning of renewed lympho-
cyte formation in response to the appropriate antigens. Thus, they possess
fundamental properties of stem cells. Nevertheless, a certain renewal of cells
is necessary. Even in adults, it comes from the central lymphatic organs, i.e.,
the bone marrow and thymus.!® Earlier experimental data and morphologic
findings appeared to contradict this fact. The great atrophy of the thymus
in adults seemed difficult to reconcile with a considerable cytopoietic activity.
In addition, although severe immune defects appeared after neonatal thymec-
tomy of mice, they did not arise after thymectomy in adult mice. A more
thorough study of the effects of thymectomy on young adult animals showed,
however, that within weeks or months considerable lymphopenia developed,
with peripheral lymphocyte counts that lay 30—50% below control values.'*
These results also hold true for humans. At reexamination after 20 years, patients
who had been subjected to thymectomy for various reasons showed a decrease
in the peripheral T-lymphocyte counts of about 50% and a clear depression
of cellular immune reactions.!? To be sure, deficiencies as severe as those
observed after neonatal or prenatal thymectomy do not result. Therefore, the
possibility that an antigen-independent lymphopoiesis also takes place in the
peripheral lymphatic organs of the adult organism cannot be ruled out.

2. Lymphocytes Are a Heterogeneous Group of Cells
with Different Origins and Functions

In the embryo the first lymphocyte precursors (“macrolymphocytes’ accord-
ing to MaxiMow '?) develop in the hemopoietic tissue of the yolk sac and
somewhat later in the liver and bone marrow. Some of the lymphocyte precursors
migrate from these sites into the epithelial thymus via the blood. In the microeco-
logic milieu of the thymus they mature into small lymphocytes.!* Other

10 MeTCALF and MOORE, 1971 ; STUTMAN, Y UNIS 12 ByjorkHOLM, HoLM, JOHANSSON and MELL-
and Goop, 1972; MickLEM, OGDEN and PAYNE, STEDT, 1975.
1973. 13 1909.

11 Review: METCALF, 1966. 14 OweN and RITTER, 1969.
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lymphocyte precursors transform into small lymphocytes without any apparent
assistance from the thymus. In mammals, and probably in humans as well, thymus-
independent lymphopoiesis takes place first in the fetal liver!® and later in
the bone marrow.'® The cells belonging to the lymphocyte population that
matures in the thymus are now called T-lymphocytes. The cells of the lymphocyte
population that matures in the bone marrow are known as B-lymphocytes.
The now generally accepted distinction of B- and T-lymphocytes is based on
a number of experimental data and observations in human pathology. The
core of these data is made up of differences in (1) the immune reactions, (2)
the phylogeny and ontogeny, (3) the cell surface receptors, (4) the response
to mitogenic stimulation, and (5) the pathways of differentiation of the lympho-
cytes.

(1) It is well known that, since the report of LANDSTEINER and CHASE,'’
we distinguish humoral and cellular immunity. In Aumoral immunity the changed
immune status of one animal can be transferred to another by giving serum
from the first animal to the second, i.e., through the antibodies contained
in the serum. In cellular immunity living cells or extracts of them are necessary.
Humoral immunity is of particular importance in infections with gram-positive
bacteria. Cellular immunity plays the leading role in infections with facultative
intracellular parasites (e.g., mycobacteria), fungi, and viruses, and in transplant
rejection and contact dermatitis. Lymphocytes or their derivatives are responsible
for both types of immune reaction. Therefore, these cells are the carriers of
immunologic competence.

(2) MILLER '® recognized that the thymus is of particular importance for
cellular immune reactions in transplant rejection. He found that mice tolerated
allogeneic skin transplants after neonatal thymectomy. Similar studies of rabbits,
mice, and rats were performed by ARCHER and PIERCE,'® Goop et al.,?° and
WAKSMAN and his group. 2! WARNER et al. 22 investigated both types of immune
reaction in newborn chicks after thymectomy or destruction of the bursa of
Fabricius with testosterone (‘“hormonal bursectomy ). They found a dichoto-
mous behavior of the humoral and cellular immune reactions. Humoral immu-
nity was absent after bursectomy (as reported earlier by GLICK et al.??) and
cellular immunity after thymectomy. COOPER et al. >* refined these studies further
and correlated the results with the pathologic equivalents in humans, the various
immune-deficiency diseases. They showed that there is complete fundamental
agreement. There was still no answer to the question about the structural equiva-
lent of the bursa of Fabricius in mammals and humans, or, in other words,
whether the maturation of humoral immunity (now attributed to B-lymphocytes)
in the mammalian organism also requires a structurally adequate organ like
the bursa of Fabricius. Some authors have suggested the lymphoepithelial tissue

1S OweN, CooPeR and RAFF, 1974. 21 ARNASON, JANKOVIC, WAKSMAN and WEN-
16 Everert and CAFFREY, 1967. NERSTEN, 1962 ; JANKOVIC, WAKSMAN and ARNA-
171942, SON, 1962; WAKSMAN, ARNASON and JANKOVIC,
18 1961. 1962.

19 1961. 22 WARNER, SZENBERG and BURNET, 1962.

2% Goop, DALMASSO, MARTINEZ, ARCHER et al., 23 GLICK, CHANG and Jaap, 1956.

1962. 2% COOPER, PETERSON and GooD, 1965 and later.
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of the alimentary canal (appendix, ?° tonsils, 2¢ Peyer’s patches, 27 all lymphoepi-
thelial organs?®). Findings in larger animals, such as sheep, 2° and the behav-
ior of lymphoepithelial tissue in antigenic deprivation (germ-free animals)>°
and in kinetic studies,®! however, were not consistent with this interpretation.
More recently, NossaL and PIKE3? showed that the maturation of B-cells in
mice does not occur in a specific, defined organ, but, corresponding to hemo-
poiesis, at various sites in the (mammalian) organism. They are called B-lympho-
cytes, no matter whether bone marrow or bursa is meant. One could also
speak of “non-T”-lymphocytes.

(3-5) Differences in the surface properties, the responses to mitogenic stimula-
tion, and the pathways of differentiation of B- and T-lymphocytes will be dis-
cussed below. These properties are now used to distinguish between the two
types of lymphocytes. Study of the morphology and function of the different
cells is therefore possible.

B- and T-lymphocytes cannot be directly compared to the two types of lymphocytes distinguished
by GRUNDMANN, ** which he called follicle and sinus (pulp) lymphocytes. We were not able to
differentiate two types of lymphocytes in humans according to the nucleolus content. With the
electron microscope, we usually found only one, occasionally two nucleoli in the lymphocyte nucleus.

3. Lymphocytes Are Destined to Migrate

Lymphocytes are only temporarily found in the tissue. After staying in
the lymphatic tissue for several hours to days, they migrate into the blood
via the efferent lymphatics. In general, they circulate in the blood for only
a few hours—14 hours on average in mice**—and then usually return to the
lymphatic tissue via the epithelioid venules. 3> After emigrating to other tissues,
a few of the lymphocytes reenter the lymph node via afferent lymphatics. In
healthy organisms the immigrating and emigrating populations remain in equili-
brium. That is true for both the lymph nodes and the blood. Recirculation
is substantial. It has been estimated that the number of recirculating cells is
as large as that of nonrecirculating cells. 3°

Gowans and KNIGHT?® showed that the “postcapillary venules of the
paracortical area are of particular importance for recirculation. At this site
the lymphocytes penetrate the vascular wall and enter the lymphatic parenchyma.
Recent scanning electron-microscopic findings *® disprove the original view that
the lymphocytes immigrate to the lymphatic parenchyma through endothelial
cells. *° These findings show that the lymphocytes instead penetrate the intercel-

2937

25 ARCHER, SUTHERLAND and GooD, 1964; Su- 3! MIcHALKE, HEss, RIEDWYL, STONER ef al.,
THERLAND, ARCHER and GooD, 1964. 1969; JoeL, HEss and COTTIER, 1972.

26 PETERSON, CoOPER and GOOD, 1965. 32 1973.

27 CooPER, PEREY, MCKNEALLY, GABRIELSEN 331959,

et al., 1966; PEREY, FINSTAD, POLLARA and 34 Forp and MARCHEsI, 1971.

Goob, 1968. 35 Gowans and KNIGHT, 1964.

28 FicHTELIUS, 1968; FicHTELIUS, GROTH and  3° TREPEL, 1973, 1974.

LIDEN, 1970. 37 ScHULZE, 1925.

29 SILVERSTEIN and PRENDERGAST, 1971. 38 van Ewuk, Brons and Rozing, 1975.

30 M1vAKAWA, 1959 ; POLLARD, 1970. 3% MaRCHESI and GOWANS, 1964,
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lular junctions and pass between the endothelial cells. Consistent changes in
these prismatic ““epithelioid ” endothelial cells occur as a consequence of lympho-
cyte emigration. When recirculation does not occur (e.g., after lethal irradiation
of experimental animals, in immune deficiencies in humans), the endothelial
cells are flat, whereas they are thick when lymphocytes are actively emigrating
to lymphatic tissue. In chronic inflammations this type of blood vessel may
even be found in other tissues, e.g., in skin lesions of lichen planus. The cytoplasm
of the endothelial cells contains abundant lysosomes (Fig. 1). Enzyme histochem-
ical studies show that the nonspecific esterase and adenosine triphosphatase
(ATPase) reactions are clearly positive in these cells, whereas in capillaries
and arterioles the alkaline phosphatase reaction is positive. Migrating lympho-
cytes can be seen in the splintered basement membrane. Most of the recirculating
lymphocytes are probably T-lymphocytes. B-lymphocytes, *® however, —in infec-
tions together with monocytes and granulocytes*' —also reach the lymphatic
tissue through these venules. Since every venule is actually postcapillary and
on account of the high epithelial cell-like endothelial cells, we prefer the term
epithelioid venule to postcapillary venule.

The mechanism of recirculation is not yet fully understood. Pretreatment
of lymphocytes with neuraminidase or proteolytic enzymes prevents recirculation
of these cells,*? indicating that the glycocalyx on the surface of lymphocytes
has a considerable influence on their recirculatory behavior. Immunoglobulins
that are present in the walls of epithelioid venules might, however, also affect
the recirculatory behavior of lymphocytes.*?

At least the B-lymphocytes show a certain affinity for resettling at specific
sites. For instance, they preferably return to Peyer’s patches or mesenteric lymph
nodes when cell suspensions of Peyer’s patches and mesenteric lymph nodes
are injected into syngeneic recipients.** Antigens may play a crucial role in
determining the direction of migration and the number of lymphocytes settling
in a particular lymph node.** In addition, cell interaction may control lympho-
cyte traffic. 4°

If half the lymphocytes present in the body recirculate and the other
half are stationary, then the number of lymphocytes in the blood must be
crucially determined by factors that interfere with the circulatory behavior of
the cells. We know of diseases, such as pertussis, that are characterized by
extreme lymphocytosis of the blood that is not caused by an increase in lympho-
cyte production, but by a block in the recirculation.*” Furthermore, several
factors are known to influence the resting time of lymphocytes in tissues (e.g.,
doses of heparin *®) or the distribution of lymphocytes in the various lymphatic
organs, in particular their migration out of the bone marrow (corticosteroids). *°
Such factors therefore directly affect the number of lymphocytes in the blood
and/or lymphatic tissue.

40 KoraNl, Nawa, Fui, FukuMmoro etfal., BECKE, 1975; DURKIN, CAPORALE and THOR-
1974. BECKE, 1975.
41 Racz, KAISERLING, TENNER and WUTHE, *° DURKIN and THORBECKE, 1973.

8

1974.

42 WooDpRUFF and GESNER, 1968, 1969.

43 SorDAT, HEss and COTTIER, 1971.

44 DEKRUYFF, DURKIN, Gumour and THOR-

46 FrerTas and DE SOusa, 1976.

47 MORSE, 1965; MORSE and BARRON, 1970.
48 Forp and Gowans, 1969.

4% VAN DEN BROEK, 1971a, b.
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Fig. 1. Epithelioid venule. The cytoplasm of endothelial cells contains numerous lysosomes (Iy).
Some lymphocytes (/c) are passing through the endothelium and some are lying in the splintered
basement membrane (arrows). x 6,800
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Even in healthy persons, however, the lymphocyte content of the blood
fluctuates considerably. These variations may reach more than 100% of the
initial value within a few hours, even though a clear circadian rhythm may
not be demonstrable. The fluctuations in the absolute blood lymphocyte counts
depend mainly on fluctuations in the number of T-lymphocytes alone, but
small variations in the number of peripheral blood lymphocytes can also be
caused by B-lymphocytes. >°

The virtually unlimited capacity of lymphocytes to transform and their ability
to recirculate make the question about the actual /ife span of the cells difficult
to answer. Long-lived and short-lived lymphocytes have been separated in experi-
ments using labeling with *H-thymidine.>' This distinction also has a certain
validity for humans. ScHick *? distinguished a short-lived population of blood
lymphocytes in humans that could be demonstrated for up to about 12 days,
and a long-lived one with an average life expectancy of 500 days. The initially
assumed functional correlation to B- or T-lymphocytes is no longer claimed.
The average life span of T-lymphocytes in the blood appears to be longer;
but there are also extremely long-lived populations of B-lymphocytes, for
example, in the outer cortex of the lymph node.>*® The life span, defined
through the demonstration of radioactive labeling, is dependent on various
factors: (1) some of the lymphocytes die in the fulfillment of their function
or because of aging; (2) some migrate to mucous membranes of various
organs and are eliminated; (3) some transform into plasma cells after a blast-cell
phase and perish within a few weeks; (4) a significant number transform into
blast cells that are then the origin of new lymphocytes. All of these factors
lead to loss of labeling. Chromosome studies performed years after radiotherapy
demonstrated that at least a few extremely long-lived lymphocytes circulate
in human blood. From characteristic chromosome alterations, it could be deter-
mined that a few lymphocytes that transformed after stimulation by PHA did
not enter mitosis until more than 10 years later.>*

B. Identification of B- and T-Lymphocytes

The usual light- and electron-microscopic techniques have not allowed a
clear distinction between B- and T-lymphocytes. By applying morphometric,
cytochemical, and electron-microscopic methods, it is certainly possible to define
lymphocyte subpopulations in the blood or lymphatic tissue that differ on the
basis of some criterion. > So far, however, only a few attempts have been
made to clearly correlate such criteria with the T- or B-cell nature of the
lymphocyte population in humans.>® WATANABE et a/.>® mentioned a character-
istic lysosome formation by human T-lymphocytes, which represented the

30 MULLER, MULLER-HERMELINK and SCHLAAK, 34 BUCKTON, COURT BROWN and SMITH, 1967.

unpublished. 35 Review: ACKERMAN, 1970.
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52 1973. 1974.

33 Cited by CoTTIER, HESS, SCHADELI and BURKI,
1973.



10 Cytologic, Histologic, Functional Bases for a Modern Classification of Lymphomas

first indication of a morphologic distinction between T- and B-lymphocytes
of the peripheral blood in humans. Furthermore, the validity of the specific
morphologic features would have to be proved not only for small lymphocytes,
but also for their functional stages, the blast cells, etc. That is usually not
possible. The degree of activation of the lymphocytes can be defined by means
of common morphologic techniques. One cannot say to which type of lymphocyte
subpopulation a blast cell belongs, though. Somewhat clearer morphologic dif-
ferences seem to exist in mice, in which structural, qualitatively measurable
differences have been demonstrated by electron microscopy.®>” Although these
results cannot be applied directly to humans, cytochemical and scanning electron-
microscopic studies have provided certain findings suggesting that there are also
recognizable differences between the B- and T-cell systems in humans.

Some caution is necessary when simply relating the results of cytochemical
studies>® on laboratory animals to humans. According to our findings, the
surface of most B-lymphocytes in peripheral blood seems to reveal a positive
ATPase reaction, whereas only a few show 5-nucleotidase activity.*® Most of
the T-lymphocytes (like those of rats) show a solitary, coarse deposit in the
demonstration of acid phosphatase and also B-glucuronidase (Fig. 2).%° A simi-
lar reaction was recently reported for a-naphthyl acetate esterase at pH 5.6.%°
It remains to be determined whether these enzyme reactions are valid for all B-
and T-lymphocytes or for only certain subgroups. The pattern of acid phospha-
tase activity changes considerably during lymphocyte activation, independent
of whether the activation is polyclonal (PHA) or specific (tuberculin). °* Changes
in the characteristic cytochemical patterns of acid phosphatase and acid nonspe-
cific esterase are also observed during ontogeny of T-lymphocytes. It may be
concluded that the focal coarse activity of both enzymes is lysosomal and related
to mature peripheral T-lymphocytes. In contrast, fetal thymocytes show acid
phosphatase activity localized in the Golgi complex. They are negative or only
very weakly positive for acid nonspecific esterase.

With the scanning electron microscope, POLLIACK et al.®* showed that the
surface of B-lymphocytes reveals more numerous and longer cytoplasmic projec-
tions than that of T-lymphocytes. The difference is therefore only quantitative.
According to LIN et al.,®® it is also dependent on several variables, such as
temperature, and generally also on the conditions under which the cells are
prepared. Exact comparison of transmission and scanning electron-microscopic
analyses of T- and B-lymphocytes using specific surface antigens or surface-im-
munoglobulin markers also suggested that there are B-lymphocytes with many
surface villi as well as those with only a few or none at all.®* Recently, it was

57 MATTER, LISOWSKA-BERNSTEIN, RYSER, LAME-
LIN etal, 1972; LE BOUTEILLER, VUJANOVIC,
Duc, KINsKY et al., 1974.

58 MOLLER-HERMELINK, 1974; MULLER-HERME-
LINK and TAUTZ, unpublished.

59 TamaoKr and ESSNER, 1969 ; BARR and PERRY,
1976.

60 Cortier, 1975, personal communication;
MUELLER, BRUN DEL RE, BUERKI, KELLER et al.,
1975.
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etal, 1973.

63 LIN, WALLACH and Tsar, 1973.
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Fig. 2. T-lymphocytes of peripheral blood. Insets: coarse, localized acid nonspecific esterase activity

in two lymphocytes. In the one on the right the activity is ring-like. x 880. Electron microscopy:

the esterase activity is equivalent to aggregated lysosomes (arrows), the ring-like activity to lipid
droplets demonstrated in one of the lysosomes (top arrow). x 12,500

demonstrated that differences in the surfaces of normal peripheral blood lympho-
cytes in humans are mainly of technical origin.®®

Differences in the surface structure of lymphocytes are also dependent on
whether the cells are studied in suspension or in a tissue matrix.®® VAN EWDK
et al.®” recently found that lymphocytes within vessels in mouse lymph nodes
possess surface villi, whereas they are smooth after passage through the vascular
wall and do not have surface villi again until they appear in the sinuses. These
% ALEXANDER and WETZEL, 1975: ALEXANDER,  °° REYEs, LEJONC, GOURDIN, MANNONI et al.,

SANDERS and BRAYLAN, 1976: NEWELL, ROATH 1975.
and SMITH, 1976. °7 Van Ewuk, Brons and RoziNG, 1975.
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findings show that mistakes may be expected when one starts with overly fixed
conceptions of the morphologic appearance of the cell membrane.

Attempts to separate B- and T-lymphocytes by means of physical parameters
have also had unsatisfactory results. In systematic studies of the surface charges
of lymphocytes from rats, RUHENSTROTH-BAUER and LUCKE-HUHLE®® demon-
strated two different lymphocyte populations with different speeds of migration
in an electric field. In carrier-free electrophoresis according to the method of
HANNIG and ZEILLER, ®° these populations could be semiquantitatively separated
in rats and mice. A fast-migrating T-lymphocyte population and a more slowly
migrating B-lymphocyte population could be distinguished. Semiquantitative
differences in the surface charges have also been used to differentiate T- and
B-lymphocytes in humans. The overlapping between the two populations was
relatively great, however, and could not be reliably reproduced in reactive or
neoplastic tissue.’® The negative surface charge of lymphocytes depends partly
on the amount of acid mucopolysaccharide of the glycocalyx, which showed
statistically significant differences among the lymphocytes of guinea pigs when
evaluated quantitatively.”* Unequivocal results for humans have not been
reported so far. T- and B-lymphocytes could also be semiquantitatively differen-
tiated by separating human blood lymphocytes on the basis of their specific
density in discontinuous albumin gradients. "2

Besides these few attempts to distinguish T- and B-lymphocytes in humans
by means of morphologic or physical parameters, a number of surface structures
and membrane receptors have been demonstrated in recent years that allow
functional identification of these cells in mixed populations.

1. Functional Identification of Human T-Lymphocytes

A receptor has been demonstrated on a number of blood lymphocytes that
leads to spontaneous formation of rosettes with sheep erythrocytes (sheep-E
rosettes). This receptor is detectable only on living cells.”? It cannot be demon-
strated after treatment of the lymphocytes with anti-lymphocyte serum, but
it is not influenced by anti-immunoglobulin serum. The nature of the sheep-E
receptor is not understood. It has also been demonstrated on human thymo-
cytes’* and may be considered to be a characteristic marker of human T-lympho-
cytes.”® Treatment of the sheep erythrocytes with neuraminidase’® or AET "’
(see Part Six) increases the rosette yield considerably. BENTWICH et al., ’® however,

observed that some B-cells also formed rosettes with treated sheep erythrocytes.
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This finding was not confirmed by STEIN and PETERSEN’® of our group. The
number of T-lymphocytes that not only form spontaneous rosettes, but also
bear receptors for C 3 (third component of complement) and the Fc fragment
of IgG in simultaneous assays did not increase after treatment of the sheep
erythrocytes with neuraminidase.

Lymphocytes with “double markers,” i.e., those bearing both the C 3 recep-
tor and the sheep-E receptor, are now of great interest. GATIEN et al.8° showed
that the cells with great proliferative capacities and bearing the C 3 receptor
are found in human peripheral blood; these cells are able to differentiate in
vitro into lymphoid cells bearing the sheep-E receptor. The same type of cell
is found in early embryonic thymuses, whereas later only sheep-E receptor-
bearing thymocytes are found. In addition, our own studies®! have shown
that cells with receptors for both C3 and sheep erythrocytes exist in fetal
thymuses. Thus, these double-marker lymphocytes probably represent early
stages of T-lymphocyte differentiation. Morphologic identification of the cells
is possible, since they exhibit a strong, focal, paranuclear acid phosphatase
reaction. This is of importance, as we shall meet this type of cell again when
considering lymphoblastic lymphoma.

WYBRAN and FUDENBERG ®? and FUDENBERG et al.®3 found that a subgroup
of the spontaneous rosette-forming T-lymphocytes occupied a special position
in the evaluation of immunologic reactivity. The cells of this subgroup formed
rosettes after only a short incubation period, even at 37° C, and normally made
up one third of the T-lymphocytes. They were called ““active T-cells.” A small
percentage of T-lymphocytes form rosettes with homologous (human) group-0
Rh-negative erythrocytes (H rosettes). These cells may represent another sub-
group of T-lymphocytes. 832

Specific antisera that are directed only at human T-lymphocytes in test
assays can be obtained from animals after heterologous immunization with
human thymus lymphocytes or with blood lymphocytes from children with
Bruton’s agammaglobulinemia, and then suitable exhaustive absorptions with
lymphocytes from patients with chronic lymphocytic leukemia.®* Moreover,
receptors for certain hemagglutinins of snail lymph (Helix pomatia A-hemagglu-
tinin) have been found on human T-lymphocytes. 8% T-lymphocytes of humans,
monkeys, dogs, and cows also bear a specific receptor for measles virus. This
receptor is not found on B-lymphocytes. 86

The semiquantitative separation of the lymphocyte fraction in a mixed cell
population is also possible on the basis of the degree of transformation of
the cells after stimulation by various mitogens. In particular, PHA and conca-
navalin A (Con A) lead, under certain conditions, to a selective transformation
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of T-lymphocytes during the first days,®” although both mitogens bind equally
well to the membranes of T- and B-cells. 88

2. Functional Identification of Human B-Lymphocytes

The detection of immunoglobulin on the surface of lymphocytes is of practi-
cal importance for the identification of B-cells. This characteristic feature was
demonstrated on about 20% of the blood lymphocytes in studies of mice and
rabbits. # In studies of human blood lymphocytes, equal numbers of cells with
surface immunoglobulin were found, in addition to those that revealed no, or
at least no detectable, immunoglobulin. °° In the simultaneous demonstration of
surface immunoglobulin and spontaneous rosette formation with sheep erythro-
cytes, only a slight overlapping of 0.5%°! to 3% ?? was found with the sheep-E
rosette-forming lymphocytes.

Another feature of B-lymphocytes is their C 3 receptor (Fig. 3).°® The detec-
tion of this receptor was particularly important for our subsequent studies,
since it can be demonstrated not only on living lymphocytes, but also on cryostat
sections of lymphatic tissue.’* The B-cell regions of the peripheral lymphatic
organs are selectively demonstrated by this method. The receptor can be
found on about 15% of human blood lymphocytes. In the simultaneous demon-
stration of C 3 receptors and spontaneous rosette formation, there was a slight
overlapping of about 2% of the spontaneous rosette-forming lymphocytes. °°

Furthermore, a receptor for the Fc fragment of IgG has been detected
on B-lymphocytes. °® More recent findings, however, indicate that a subpopula-
tion of T-lymphocytes, primarily T-immunoblasts, also bears this receptor. That
was demonstrated in mice ®” and guinea pigs. °® According to STEIN and PETER-
SEN, ° in human blood 1—3% of the spontaneous rosette-forming lymphocytes
also bear the IgG-Fc receptor. Using other methods, FERRARINI ef al. 1°° demon-
strated 1gG-Fc receptors on up to 20% of the T-lymphocytes.

These surface markers have found the widest use for identifying human
B-lymphocytes. Several other receptors have also been found. For instance,
human B-lymphocytes have a specific receptor for Epstein-Barr virus that is not
found on T-lymphocytes.*°! Itis closely associated or identical with the C 3 recep-
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Fig. 3. EAC-rosetting lymphocyte from peripheral blood (probably a B-lymphocyte). Electron-dense

lysosomal organelles are seen around the Golgi region near the nuclear indentation. X 12,500.

Tnset: at higher magnification, similar EAC-rosetting cells contain interwoven tubular structures.
% 32,500
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tor. In addition, one or several B-cell antigens can be demonstrated after
heterologous immunization with cells from patients with chronic lymphocytic
leukemia and suitable exhaustive absorptions with thymus lymphocytes and
other cells. %% Recently, a receptor for mouse erythrocytes was found on some
normal human B-cells!°? and in lymphocytic leukemia of B-cell origin. '°*

With the maturation into plasma cells, the lymphocytes finally lose their surface
receptors, at least the surface immunoglobulin and the IgG-Fc and C 3 receptors.

While various mitogenic substances are known to selectively activate B-lym-
phocytes in rodents, it appears that such substances rarely have a similar effect
in humans. Pokeweed mitogen'®® stimulates both B- and T-lymphocytes, but
leads to preponderant transformation of B-lymphocytes'°® and maturation into
typical plasma cells.'®” Human peripheral B-lymphocytes apparently can be
specifically stimulated by anti-f, microglobulin.'®® Various B-cell mitogens
have an affinity for different stages of maturity of the B-lymphocytes. During
activation, further differentiation of the cells occurs, although it does not neces-
sarily reach the plasma-cell stage.'’® Two pathways of differentiation were
observed when cells from murine spleens were activated by LPS, a B-lymphocyte
mitogen. One led to small lymphocytes and the other to plasma cells. %2
A systematic study showed that various endotoxins and lectins have very differ-
ent stimulative effects on B-lymphocytes in humans that depend on the origin
of the cell suspension. '1°

3. Lymphocytes of Cell-Mediated, Antibody-Dependent Cytotoxicity (K-Cells)

A further lymphocyte subpopulation has been differentiated on the basis
of the surface receptors and especially of the function of the cells: the effector
cells of antibody-induced, cell-mediated cytotoxicity. !'! Their function can be
observed in complement-independent cytolysis, in which these lymphocytes, in
contrast to cytotoxic T-lymphocytes, do not react specifically to cell-wall antigens,
but display their effect via the specific antibodies already bound to the cell
wall of the target cells. It has not yet been proved whether this function, which
was demonstrated in vitro, 1s also of importance in addition to the known
complement-dependent and -independent effector mechanisms of immunologic
reactivity in vivo. The physiopathologic role of antibody-induced, cell-mediated
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< Fig. 4. (a) B-lymphocyte (peripheral blood) with surface IgM. (b) Lymphatic plasma cell (peripheral

blood) with surface IgM. Indirect immunoperoxidase technique. x 19,200



18 Cytologic, Histologic, Functional Bases for a Modern Classification of Lymphomas

cytotoxicity is suggested chiefly in connection with reactions against viruses,
in tumor immunology, and in autoimmune diseases, such as Hashimoto’s disease
and ulcerative colitis.

The morphologic identity of the cells responsible for this reaction was disput-
ed for a time. Whereas PERLMANN and HoLm!'? called them lymphocytes and
BiBerreLD and PERLMANN'!® morphologically identified them as lymphocytes
in a study using human blood cells, other authors !!* described them as nonpha-
gocytic or phagocytic monocytes. The problem now appears to have been solved
insofar as antibody-induced, cell-mediated cytolysis can be attained with differ-
ent cells under experimental conditions in vitro.!*> The various types of cells
can be distinguished functionally, however, on the basis of their surface recep-
tors. 116

At first, the lymphocytes that were observed as the effector cells in antibody-
induced, cell-mediated cytotoxicity could not be clearly identified as B- or T-lym-
phocytes. As on T-lymphocytes, no immunoglobulin can be found on the cell
surface. On the other hand, receptors for the Fc fragment of IgG and for
C 3 can be observed, as on B-lymphocytes. The cells could be distinguished
from macrophages, which also reveal both receptors, through affinity of the
IgG-Fc receptor for certain subgroups of IgG.!'7 In addition, cell-mediated,
antibody-induced cytotoxicity is activated by anti-immunoglobulin sera at cer-
tain concentrations when lymphocytes act as effector cells, whereas macrophages
are inhibited.!® Specific inactivation of macrophages did not significantly re-
duce antibody-dependent cytotoxicity.!® The finding that the lymphocytes dem-
onstrated in antibody-induced, cell-mediated cytolysis in mice were negative
for 0 antigen'*® makes it unlikely that they are T-lymphocytes. That is the
basis for the view that these lymphocytes must belong to the B-lymphocyte
population, even though surface immunoglobulin cannot be demonstrated.

“Null cells,” i.e., lymphocytes with no surface markers, 12! are extremely rare
in normal blood. This population, which was originally thought to represent
one certain functional class of lymphocytes, seems to be extremely heteroge-
neous. Immature B- and T-cells, plasma cells, stem cells, and cells of several
functional activities, namely, cell-mediated cytotoxicity and cell-mediated, anti-
body-dependent cytotoxicity, are found in this cell fraction. Therefore, the com-
mon term ‘““null” cell should be avoided. Furthermore, the percentage of lym-
phocytes that neither form spontaneous rosettes with sheep erythrocytes nor
bear the C 3 receptor seems to be largely dependent on the technical conditions
of lymphocyte preparation and the assay.

Even an approximately comprehensive review and discussion of the papers
dealing with the surface structures of T- and B-lymphocytes would be beyond
the scope of this chapter. Although there is an increasing amount of literature
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on this subject, the reader is asked to refer to the reviews by GREAVES et al., 22
NUSSENZWEIG, ! 2 SERCARZ et al.,'?* and WARNER,'?° and to Transplantation
Review, Vol. 16, 1973.

C. Cooperation of B- and T-Lymphocytes

The now well-established distinction of B- and T-lymphocytes and their
different localizations in the lymphatic tissue (see below) might lead to the
conclusion that these cells function independently. During induction of an im-
munologic response to most antigens, however, several mechanisms of cellular
cooperation are necessary.

The whole meaning of cellular cooperation and of its molecular mechanisms
is not yet fully understood. Hypothetically, activating and suppressive phenom-
ena due to cellular cooperation are interpreted as a lattice of feedback regula-
tions. 12 As a rule, antibody production in response to most antigens (so-called
T-cell-dependent antigens) can be induced in vitro and in vivo only through
cooperation between T-lymphocytes, B-lymphocytes, and macrophages.'?’
Whereas T- and B-lymphocytes usually act antigen-specifically, the role of macro-
phages is seen more as a regulatory one. Recently, the specific interaction
between T- and B-cells in antibody production was elucidated on a genetic
and molecular basis. !?® Findings in immune-deficiency diseases indicate that
the effect of T-cells is also necessary for antibody production in man.

In addition to the antigen-specific action of T-cells during the cooperation
process, they may also act antigen-nonspecifically. A soluble factor produced
by activated T-cells can induce antigen-specific stimulation of B-cells in vitro.
This is of importance in bacterial infections, in which endotoxins can induce
antigen-independent activation of T-cells and thus mediate T-cell-dependent
activation of B-cells (**helper effect ). '2° That may explain why various experi-
ments in vivo produced results that contradicted in-vitro findings.

In vivo, T-cell cooperation is important for the formation of germinal centers
and for IgG and IgA production. It is therefore interesting that a percentage
of up to 20% T-cells may be found in germinal centers, which are the main
B-territory in the lymph node. !3°

Cooperative phenomena are also observed in T-cell-dependent immune reac-
tions.'3' Most of the findings were obtained through analysis of in-vitro systems
using purified cell suspensions. The fundamental significance of these findings
also appears to be valid for the in-vivo situation, as may be concluded from
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the clinical manifestation of immune-deficiency diseases. The degree and the
type of cooperation in the various immune reactions in vivo, however, remain
to be explored in detail. *3?

D. Derivation of Lymphocytes from the Hemopoietic Stem Cell

Until a few years ago, there was considerable discussion over whether the
stem cell that leads to the formation of erythrocytes, granulocytes, monocytes,
and thrombocytes (united under the term hemopoiesis) should be distin-
guished from the stem cell that leads to the formation of lymphocytes. Since
then, it has been shown that hemopoiesis and lymphopoiesis definitely have
a common precursor cell. This cell could be demonstrated only functionally.

The first systematic studies of radiation chimera (lethally irradiated animals
whose hemopoietic tissue was repopulated through bone-marrow transplants
from other animals) showed that the bone marrow possesses the ability to regen-
erate the thymus and later the peripheral lymphatic tissues.'** Repopulation
of the thymic parenchyma is successful practically only when bone-marrow
cells, but not thymus cells or peripheral lymph-node cells, are transplanted. ' 34
When bone-marrow cells are given to lethally irradiated recipient animals, the
cells of the donor then predominate in the thymus.!* By transferring splenic
colonies (clonal proliferations of hemopoietic stem cells and blood cells derived
from these cells in the spleens of lethally irradiated recipient animals after
bone-marrow transplantation), it was also shown that repopulation of the hemo-
poietic and lymphatic tissues occurs through a common precursor cell. !36

Thus, the pluripotent hemopoietic stem cell of the bone marrow is also
the cellular origin of the free cells of lymphatic tissue. Complete restitution
of peripheral lymphatic tissues (lymph nodes, spleen, and lymphatic tissue of
the gastrointestinal tract) and of immunologic reactivity is successful, however,
only when a thymus or a thymic stroma is present in the lethally irradiated
recipient animal. 137 Experimentally, when lethally irradiated animals received
bone-marrow transplants, the bone-marrow cells lost their pluripotency after
they entered the thymus. Subsequently, the cells possessed only the ability to
mature into lymphoid cells.**® Differentiation of the pluripotent stem cell into
the determined prethymic precursor cell seems to occur in the bone marrow.
Merely a few, perhaps only one or two, precursor cells repopulated the whole
thymus under such experimental conditions. !*° Extreme reduction in the number
of transplanted bone-marrow cells finally results in the thymus not being popu-
lated at all, even though hemopoiesis may still occur. *4°
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The studies discussed here show that the pluripotent hemopoietic stem cell
is also the stem cell of lymphoid cells. They indicate that specific histogenetic
effects of a micromilieu that lead to maturation and differentiation of the lym-
phocytes are necessary, as in the differentiation of hemopoietic cells. It is possible
that the determination of lymphatic differentiation, or at least certain early
developmental phases of lymphocytes, occurs outside the bone marrow, namely,
in the thymus, perhaps also in peripheral lymphatic organs, and can be initiated
only through the tissue milieu of these organs.

Even if the ability to populate lymphatic and hemopoietic tissues is attributed
to the pluripotent hemopoietic stem cell, that does not exclude the possibility
that lymphocytes themselves or one of their subpopulations are identical with
this cell. In order to shed more light on this problem, we must examine the
function and morphology of bone-marrow lymphocytes more closely and com-
pare them with new findings on stem cells.

Whereas bone-marrow lymphocytes were spoken of as one cell class until
a few years ago, there are now many indications that they are functionally
heterogeneous. The possibility of separating various lymphocyte populations
into T- and B-lymphocytes on the basis of their surface characteristics and
functions also enabled a detailed analysis of the functions of bone-marrow
lymphocytes in laboratory animals and humans. '*! In particular, the following
types of lymphocytes were found: (1) immature and mature B-lymphocytes, '42
(2) various B-lymphocyte subpopulations with a long or short life expectancy, }43
(3) T-lymphocytes,'** and (4) cells with questionable stem-cell function. In
addition to these functionally identifiable groups of small lymphocytes, activated
or transitional stages (‘‘transitional cells’”) are seen as larger cell forms in
immune reactions and in normal animals as well. 43

Most radioautographic investigations have shown that an overwhelming ma-
jority of the small bone-marrow lymphocytes reveal a high turnover, living
for no more than 5—6 days.'*® The bone-marrow lymphocytes are usually
formed in the bone marrow itself.'*” Precursor cells of small lymphocytes
that are functionally inactive, but capable of proliferation, can be demonstrated
in bone marrow-cell suspensions. !*® Besides the rapidly proliferating bone-
marrow lymphocytes, a long-lived type of lymphocyte also exists in the bone
marrow. 1 4°

In the search for the morphologic equivalent of the hemopoietic stem cell,
many authors considered the lymphatic or lymphoid cells of the bone marrow

to be candidates.'3° Usually the only thing that could be concluded from
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their morphologic descriptions was that the cells in question were small and
had a round, dense nucleus like that of lymphocytes. Other authors attributed
stem-cell potency to other morphologically identifiable cell forms: monocytoid
cells'°! or so-called transitional cells.!°? The latter were defined as a larger
group of various cells whose common characteristics were a light leptochromatic
nucleus and a moderately broad rim of usually weakly basophilic cytoplasm.
The experimental evidence at the root of these studies was as a rule indirect.
It was provided by the analysis of cell populations that appeared or disappeared
after bone-marrow transplantation.

More recent experiments have approached a direct morphologic identifica-
tion of these cells through considerable enrichment of the hemopoietic stem
cells (demonstrated in various test systems). A relative increase in stem cells
by a factor of 70—100 could be attained after biologic enrichment by means
of treatment with vinblastine nitrogen mustard for 3 days and subsequent den-
sity gradient centrifugation of the bone marrow in discontinuous albumin gra-
dients. %3 The cell form described electron microscopically as the stem-cell
candidate had a diameter of 8 —10 pm and a very loosely structured, sparse,
light, irregularly defined nucleus with one or two large nucleoli. The cytoplasm
did not contain a Golgi complex, multivesicular bodies or lysosomes, or
polyribosomes. This cell form was found not only in murine, but also in human
and primatial bone marrow. NIEWISCH et al.'** enriched stem cells by means of a
linear Ficoll gradient. According to their criteria, the stem cell has a diameter
of 14—17 pm, a strongly basophilic cytoplasm, and a nucleus with a diameter
of 13—16 pm and a loose chromatin structure. RUBINSTEIN and TROBAUGH !°3
observed that only one characteristic type of cell remained morphologically
intact after freezing murine bone-marrow cells in glycerin to —70°C. The
number of these cells correlated with the number of splenic colonies after trans-
plantation to lethally irradiated syngeneic recipient mice. This type of cell is
clearly different from lymphocytes treated in the same way. It is 8 —10 um
in diameter and has a round or oval, central nucleus. The cytoplasm contains
vesicles and a few multivesicular bodies. In the narrow rim of cytoplasm there
are also numerous, regularly distributed ribosomes, a few small, round or oval
mitochondria, short profiles of rough endoplasmic reticulum, and occasionally
a Golgi apparatus. ZUCKER-FRANKLIN ef al.'>® found the hemopoietic stem
cells that circulate in the peripheral blood in a purified lymphocyte fraction,
whereas BARR and WHANG-PENG!37 were able to separate human stem cells
from most of the circulating lymphocytes by velocity sedimentation.

The diversity in the morphologic descriptions, which include contradictions,
reflects the difficulties with a morphologic definition of hemopoietic stem cells.
It must remain undecided which description is the correct one. In functional
experiments using highly purified heterologous anti-lymphocyte sera, we demon-
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strated that hemopoietic stem cells can be distinguished from all other lymphoid
cells of the bone marrow.!*® Therefore, they are not functionally identical
with lymphoid cells.

In order to trace the early stages of lymphocytic differentiation, cell-surface
receptors have been investigated. The results of these studies are not yet fully
conclusive. Nevertheless, certain steps in the development of T- and B-lympho-
cytes can be identified.

At present, it is not clear whether there is a common determined precursor
cell for the T- and B-lymphocytes, or whether separate independent precursors
are formed after the stage of the pluripotent hemopoictic stem cell. The earliest
cell identified in B- and in T-cell differentiation bears the C3 receptor
and a small amount of surface immunoglobulin. In embryogenesis it is local-
ized among the yolk-sac cells of mice'?? and also in the early fetal thymus
of humans.'®® Recent findings suggest that T-lymphopoiesis also starts in
the bone marrow in humans. Terminal deoxynucleotidyl transferase (Tdt) is
found in some bone-marrow lymphocytes.!®! This enzyme has been shown to be
specific to the early thymocyte population in a wide variety of species. Normally,
it is found only in the thymus and in some bone-marrow lymphocytes, which
are therefore considered to be a prothymocyte population. Pathologically, it
is found in blast cells of acute lymphoblastic leukemia of children 1% and during
the blast crisis in a number of cases of adult granulocytic leukemia.!®?

T-lymphopoiesis in the human fetus and in the adult starts with the
cell bearing the C 3 receptor and surface immunobglobulin. During differentia-
tion, a cell without demonstrable surface immunoglobulin, but with the C3
and sheep-E receptors can be identified. '®* After this stage, only the sheep-E
receptor is found. The behavior of other receptors and surface properties during
this differentiation process and further steps (from thymocyte to T-lymphocyte)
have not been identified in humans. Rather precise information is available
for mice. 13 The transformation of a prethymic lymphocyte in the bone marrow
into lymphocytes bearing surface characteristics of T-lymphocytes seems to occur
under the influence of a thymic hormone. 1°°

In B-lymphopoiesis the C 3 receptor is apparently retained. During differenti-
ation the amount of surface immunoglobulin increases.'®” In embryogenesis
the first immunoglobulin classes present on the cells are IgM, IgG, and IgA,
in that order.'®® IgD, which is present in a large population of lymphocytes
in cord blood, '¢? is formed earlier than IgM in the human fetus.
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II. Immunoblasts (Basophilic Stem Cells)

B- and T-lymphocytes can be stimulated by certain mitogenic substances
or antigens to transform into large blast cells that are capable of dividing.
These cells are now called immunoblasts—a term proposed by DAMESHEK 16°2
for plasma-cell precursors. We follow a suggestion made by Resuck'’® and
distinguish B- and T-immunoblasts. B-immunoblasts differentiate further into
plasma cells, whereas T-immunoblasts are the origin of (“committed”) T-
lymphocytes and T-effector lymphocytes, e.g., the cytotoxic T-cell.

A distinction between the two types of immunoblasts is still impossible by
means of morphologic, cytochemical, and electron-microscopic techniques. Light
microscopically, immunoblasts have large light nuclei with very large nucleoli.
The latter are often solitary and are found in the middle of the nucleus or
at an indentation of the nuclear membrane. The rim of cytoplasm is moderately
broad to broad and strongly basophilic with Giemsa staining, or strongly
pyroninophilic with methyl-green pyronine staining. Therefore, the immunoblast
is also called a “large pyroninophilic cell.”'”! Cytochemically, the nonspecific
esterase and numerous other enzyme reactions are negative, whereas the acid
phosphatase reaction shows a moderately strong, chiefly granular positivity.
The PAS reaction occasionally reveals small glycogen granules.

Electron microscopically, the nucleus is irregularly defined and contains
moderately coarse chromatin (Fig. 5). There are narrow chromatin condensa-
tions along the nuclear membrane. The nucleoli are markedly large and band-
shaped. They frequently extend beyond the middle of the nucleus together
with interwoven nucleolonemata. The broad rim of cytoplasm is filled with
polysomes, which consist of 515 monoribosomes. There are only a few or
no profiles of ergastoplasm. The medium-sized Golgi apparatus and the cen-
trioles are found in a flat nuclear indentation. The mitochondria are large
and often swollen. Occasionally, spotty accumulations of glycogen are seen.
The cytoplasm is usually transparent. There are differences, however, so that
“light” and ““dark” immunoblasts can be discriminated. Both types of immuno-
blasts appear at the same time in experimental immune reactions of rabbits. 172
In the human tuberculin reaction they also appear together up to 48 —72 hours
after tuberculin injection. !”® Immunoblasts of germinal centers show the same
morphology as immunoblasts of the paracortical area and as those in the course
of a tuberculin reaction. Functionally, immunoblasts represent the most active
proliferation stages of T- and B-cells. More than 50% of the immunoblasts
reveal active DNA synthesis after a short incubation with *H-thymidine. Most
of them are tetraploid.!”*

B-immunoblasts are the most immature cells in plasmacytopoiesis and are
capable of producing secretory immunoglobulin.'”® T-immunoblasts produce
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Fig. 5. Immunoblast in immunoblastic hyperplasia of the pulp. The large central nucleolus consists

of interwoven nucleolonemata. Another small part of a nucleolus is found at the nuclear membrane.

The abundant cytoplasm is filled with polysomes. There are only a few strands of rough endoplasmic

reticulum. Some small electron-dense lysosomes are seen around the Golgi region (g). Note the
size of the cell in comparison with adjacent lymphocytes. x 7,500

mediator molecules, such as migration-inhibitory factors (MIF), mitogenic fac-
tors, cytotoxins, etc., as shown in nonspecific T-cell activation induced by PHA
and Con A. The mean proliferation time of T-immunoblasts in mice seems
to be somewhat longer than that of blast cells of germinal centers (9 as against
6 hours). 176

176 HANNA, 1964.
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III. Plasma Cells

Whereas B-lymphocytes are typically located in the outer cortex of lymph
nodes and the first changes in response to antigenic stimulation are also found
there, the effector cells of B-lymphocytes, plasma cells, are found elsewhere
in the lymph node. Maturation from basophilic blastic precursors, i.e., inmuno-
blasts (basophilic stem cells), to plasma cells takes place as they migrate from
the outer cortex to the lymph-node medulla. Thereby the cells move through
the paracortical pulp, particularly along the intermediary sinuses and the venous
and arterial vessels, as shown by VELDMAN. 77

FAGRAEUs ! 78 established that plasma cells probably produce the antibodies
(immunoglobulins) of the blood serum. This finding has been substantiated
many times. Numerous experimental studies on the origin and morphology
of plasma cells in immune reactions indicate that plasma cells develop from
immunoblasts via plasmablasts and proplasmacytes (see Part A of this Hand-
book.) In several mitotic phases these cells mature to plasma cells with
increasing amounts of rough endoplasmic reticulum.!”® Notwithstanding these
experimentally based facts, human plasma cells differ somewhat in their mor-
phology; thus, our knowledge may be incomplete regarding their respective
significance.

In the secondary reaction to antigens, plasma cells originate from specific
B,-lymphocytes of the germinal centers (see p. 35ff.). Normally, these plasma
cells are responsible for the production of 78 immunoglobulin. Plasma-cell
maturation may take place in the same lymph node, particularly in the medulla
or even in germinal centers, as well as in other parts of the lymphatic tissue,
at the site of inflammation, and in the bone marrow.

In the primary reaction, IgM (19 S immunoglobulin) production by plasma
cells is normally found without germinal-center formation. Then, B,-lympho-
cytes serve as precursors of immunoblasts. Their surface IgM (8 S) acts as the
recognition site for the antigens.

In most primary immune responses, germinal centers develop in later phases.
During the response, a switch from IgM to IgG production can be observed,
whereas in the secondary immune response mainly IgG is produced. NoSSAL
et al.'®® examined the class of surface immunoglobulin on isolated lym-
phocytes. They found that some cells bore both IgM and IgG immuno-
globulin. That means that the switch of immunoglobulin class is not necessarily
caused by the separate development of two cell lines. This fact has been sub-
stantiated in embryologic experiments'®! and in labeling studies on isolated
cells. *82 It is still unclear, however, in which morphologic type of cell this switch
of immunoglobulin class takes place: in lymphocytes (e.g., between B;- and B,-
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lymphocytes) or during maturation to the plasma cell. It was recently shown
in functional studies that the memory cells of [gG-producing plasma cells bear
surface [gM. '3

The so-called marginal-zone cell*®** represents an intermediate morphologic
form between B,-lymphocytes and plasmablasts. It was demonstrated particu-
larly in the outer follicular zone of the spleen and in the submarginal B-cell
region of the lymph node in rabbits. Studies of humans also revealed these
somewhat larger lymphoid cells with active nucleoli, a few strands of ergasto-
plasm, a relatively well-developed Golgi field, and small electron-dense lyso-
somes. Their typical localization at the margins of the B-cell region in the spleen
and lymph nodes indicates that these cells also belong to the B-cell system.

The typical plasma cell is also known as the Marschalké type or as the
reticular plasma cell. Light microscopically, it is characterized by a round nucleus
that exhibits the often-quoted ““spoke™ pattern, especially in autolysed autopsy
material. It is eccentrically located in the cytoplasm. With the exception of
a perinuclear lighter-staining area corresponding to the Golgi body, the broad
rim of cytoplasm is strongly basophilic. A large solitary vacuole is often found
in the cytoplasm. This vacuole is sometimes referred to as a lipochondrion
or lipid globule. '#* Electron microscopically, all plasma cells show the typical
large amount of rough endoplasmic reticulum around the nucleus (Fig. 6).
In the Marschalko type of plasma cell, the Golgi apparatus is exceptionally
large. Electron-dense lysosomes are found in this area. Both the Golgi apparatus
and the lysosomes show comparatively strong acid phosphatase activity and
moderate nonspecific esterase activity. In addition, the cells reveal strong Mg™ *-
dependent membrane ATPase activity, as does the following type of plasma
cell. 183

The second type of plasma cell, which we call the lymphatic plasma cell
(in accordance with MOESCHLIN) —also referred to as ““lymphoplasmacytoid”
in Anglo-American publications —often appears in virus infections (e.g., ru-
bella). They can also be found in larger numbers in (perhaps virus-induced)
nonspecific mesenteric lymphadenitis. These cells are smaller than the reticular
plasma cells. Their Golgi apparatus is not defined to the same extent, and the
nucleus is not as eccentrically located in the much smaller rim of cytoplasm.
The nuclear chromatin is not as coarse as that of reticular plasma cells and
gives the impression of being “lymphoid.” Electron microscopically (see
Fig. 7), there does not seem to be a significant difference between the cytoplasmic
organelles of these two types of cells; both show perinuclear formation of
rough endoplasmic reticulum. Lymphatic plasma cells just seem to be smaller.
Semiquantitative morphologic dissimilarities in the two cell types, which have
led to their distinction, also seem to be verified by immunologic differences

in the cell surfaces: in some cases surface immunoglobulin, usually IgM,!8¢
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Fig. 6. Marschalké type of plasma cell (reticular plasma cell) from human bone marrow. Nucleus
(n). Golgi complex (g). Rough endoplasmic reticulum (er). Lysosomes with lipid droplets (Ip),
which used to be known as lipochondria. x 15,500

could be found on the circulating lymphatic plasma cells (see Fig. 4b), whereas
reticular plasma cells are usually negative for immunoglobulin.

It would be tempting to attribute specific behaviors to these two types
of plasma cells during antibody production. Although there is no proof, the
following working hypothesis appears to us to be justifiable: lymphatic plasma
cells (lymphoplasmacytoid cells) originate (even without germinal centers and
perhaps even without T-cell cooperation) directly from IgM-bearing B,-lympho-
cytes (via corresponding blast cells). They are mainly responsible for the initial
production of low-affinity IgM. As a rule, reticular plasma cells are formed
after the development of germinal centers and with the cooperation of T-cells.
They are mainly responsible for the production of IgG and IgA.

The fate of lymphatic plasma cells has not been clarified beyond doubt.
Labeling studies have shown that the average survival time of plasma cells
in regional lymph nodes is 2—8 days.'®” It could well be, however, that they

187 NossaL, 1962.
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Fig. 7. Lymphoplasmacytoid cell (lymphatic plasma cell) of peripheral blood. Nucleus (7). Rough
endoplasmic reticulum (er). Compare size with Fig. 6 (same magnification). x 15,500

continue to develop into larger reticular plasma cells in other tissue localizations,
such as the bone marrow, '®® after circulating in the blood. That might explain
why lymphatic plasma cells are regularly found in the blood. There is another
possible origin of plasma cells in the bone marrow, however: reticular plasma
cells might be formed from lymphoid precursors. Results of experiments on the
distribution of antibody-production capacity in the body after primary or second-
ary subcutaneous antigen injection showed that the production of antibodies is
found initially in regional lymph nodes and the spleen. Even in the primary
antibody reaction, however, a small peak was evident in the bone marrow after
20 30 days. In a secondary reaction to the same antigen, considerable produc-
tion of antibodies took place only in the spleen and bone marrow, not in
the lymph nodes. After splenectomy there was no decrease in antibody produc-
tion by bone-marrow plasma cells in a specific secondary reaction. These findings
support the assumption that the precursors of plasma cells (memory cells) are
stored in the bone marrow in the late primary reaction and are then in a
position to show a specific immune reaction in the secondary antibody reac-
tion. '8 That explains why, morphologically, practically no precursors or mitosis
188 CHAPERON, SELNER and CLAMAN, 1968: Hu- %% BENNER, MEIMA, VAN DER MEULEN and VAN
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Fig. 8. Nest of *“T-associated plasma cells” (Lymphoblastennest). In the center and central upper

part of the figure there is a sheet of medium-sized, uniform cells that stain more weakly than

the surrounding lymphocytes in this T-region. Many immunoblasts are seen among the lymphocytes.

An epithelioid venule is evident at center left. Lymphadenitis in herpes zoster. &, 47 years. Axillary
node. Giemsa. x 175

of plasma cells can be found in the bone marrow, whereas they are seen in
lymph nodes.'?° At present we cannot morphologically identify the plasma-cell
precursors in the bone marrow. Studies of bone-marrow cytology suggest that
these precursors are lymphocyte-like cells (“lymphoid reticulum cells” of
Ronr 19°?) that transform without a blast stage into plasma cells. Comparable
transformation may be seen in germinal centers. Electron microscopy reveals
that germinal centers may contain some centrocytes with a large amount of
ergastoplasm that might be such transitional forms.

According to studies by HuMANs e al.'°! and MCMILLAN e al.,'? more
than 90% of serum immunoglobulin is produced by plasma cells of the bone
marrow. The distribution of IgM-, 1gG-, and IgA-producing plasma cells in
the bone marrow parallels the distribution of serum immunoglobulin, whereas
this does not apply to plasma cells of the blood. 3

In summary, we may speculate that the lymphatic plasma cells (lympho-
plasmacytoid cells) formed in the primary immune reaction are transferred via
peripheral blood to other tissue localizations and to the bone marrow, where
they perish after a yet undetermined survival time. Lymphoid precursors of
mainly IgG- or IgA-producing cells are formed in the late primary reaction
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Fig. 9. Nest of **T-associated plasma cells”” (Lymphoblastennest), whichiare relatively uniform and

medium-sized (1). They have grayish blue cytoplasm. On the right (x) there is a large, moderately

basophilic cell (precursor of T-associated plasma cells?). On the left (xx) there is a hyperbasophilic

cell (plasmablast) with no relationship to the T-associated plasma cells(?). Scattered pyknotic cells

are also seen. Some lymphocytes of adjacent lymphatic tissue are evident at the lower right. Same
node as Fig. 8. Giemsa. x 1,500

and are also transferred to the bone marrow, where they transform into typical
plasma cells in the secondary reaction to antigen. The production of these
precursor cells is attributed to the germinal centers (see p. 43ff.).

The assumption that lymphatic plasma cells (lymphoplasmacytoid cells) pro-
duce mainly IgM and that reticular plasma cells (Marschalkdé plasma cells)
synthesize chiefly [gG and IgA, is paralleled to a certain extent in the morphology
of IgM-, IgG-, and [gA-producing malignant tumors: IgM-producing lymphoma
contains primarily lymphoplasmacytoid cells; [gG- and IgA-producing tumors
represent mainly neoplasms of the reticular plasma cells of bone marrow. There
are exceptions, however, e.g., IgM-producing lymphoma with typical plasma
cells and IgG- or IgA-producing lymphomas with lymphoplasmacytoid cells.

Addendum
The So-Called T-Associated Plasma Cell

Besides these well-known types of plasma cells, there is yet another morpho-
logically definable cell in human lymph nodes, which we called “lymphoblasts™!%*
in earlier publications (Fig. 8). Our recent electron-microscopic studies
suggested, however, that they might be a special type of plasma cell. This

195
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Fig. 10. Nest of *‘T-associated plasma cells” (Lymphoblastennest). The cells contain merely a
moderate number of long strands of rough endoplasmic reticulum and a few scattered free ribosomes.
Small central nucleoli are evident. x 8,400

cell type has two peculiarities: (1) instead of the blue-violet color shown by all
other plasma cells with Giemsa staining, these cells stain gray-blue (Fig. 9), and
(2) they are always located in the paracortical pulp of the lymph nodes,
especially near epithelioid venules. Electron microscopically, compared with
the other types of plasma cells, they show a less developed rough endoplasmic
reticulum and only a few free ribosomes (Fig. 10). Such cells have also been
found in the thymus of children.!®® We called them T-associated plasma
cells. 192

These cells occur quite frequently. We found them in one out of every
10 cases of nonspecific lymphadenitis, in which there was hyperplasia of the

196 K AISERLING, STEIN and MULLER-HERMELINK, %% LENNERT, KAISERLING and MULLER-HERME-
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paracortical area even when germinal centers were absent. They have also
been found in benign lymphoma of Castleman and even in dermal infiltrates
of mycosis fungoides,’®” which is known to be a T-lymphocytic lesion (see
p. 166). Morphologic investigation of localized accumulations of T-associated
plasma cells suggest that they are derived from blast cells that have strong
paranuclear acid phosphatase activity.'?® Because PAPADIMITRIOU '°° was unable
to demonstrate immunoglobulin in the cytoplasm of T-associated plasma cells
in paraffin sections, however, we have no final proof that these cells are
actually of plasmacytic nature. We also have not been able to establish anything
about their function.

I'V. Histomorphology of the B-Cell Region

Abundant experimental data show that the dichotomy of the immune system
is not only cellular, but also histologic, i.e., definite B- and T-cell regions can
be distinguished in the complicated structure of lymphatic organs. 2°° Evidence
supporting the B/T-dichotomy of the lymphatic tissue has been provided by
experiments using (1) repopulation of the lymphatic tissue or of certain regions
with cells of known origin and differentiation after experimental depopulation
of the lymphatic tissue,>°" (2) histologic findings in immune-deficiency diseases
before and after thymus transplantation, >°? (3) demonstration of specific lym-
phocyte surface receptors in the lymphatic tissue,?°® (4) histologic changes
in lymphatic tissue in relation to cellular and humoral immune reactions, 2°4
and (5) demonstration of the B- and T-cell regions with histochemical
methods. 293

B-lymphocytes are chiefly located in the follicles of all lymphatic tissues.
Therefore, these follicles correspond to the B-cell region of the peripheral lym-
phatic tissue. They are commonly located in the outer cortex of lymph nodes.
Within these follicles, germinal centers are formed as a reaction to antigenic
stimulation.

A. Cytology of Germinal Centers

Since 1957, we have held to our concept that the cells of germinal centers,

which we called germinoblasts 2°¢
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tive. They were renamed centroblasts and centrocytes at a lymphoma meeting
in Kiel in May 1974, to avoid confusion with cells of the germinal layer of
the gonads. Mature plasma cells and their precursors usually appear in smaller
numbers in germinal centers. According to the immunologic and morphologic
studies of MITCHELL and ABBOT2°® and NossaL et al.,2°° and to the electron-
microscopic studies of MILANESI?!® and others, there is another cell specific
to the B-cell region. This third cell, called the dendritic reticulum cell, is
also found in human lymph nodes?'! and tonsils.2!? Histiocytic reticulum
cells (macrophages), which often contain abundant debris of germinal-center
cells, including plasma cells,?'? are also found in germinal centers. The pyknotic
nuclei and cellular debris found in macrophages are still referred to as tingible
bodies according to FLEMMING. ?!'* FLIEDNER?!® and ODARTCHENKO et al.2!®
showed that some of the phagocytosed cells had incorporated *H-thymidine,
thus appearing to have been in the process of DNA synthesis.

Centroblasts (germinoblasts) vary in size and have a round nucleus. The
rim of cytoplasm is narrow and strongly basophilic (Fig. 11). The nuclear
chromatin is fine and dispersed. Several medium-sized nucleoli are often found
at the inner nuclear membrane. Frequently, there are vacuoles in the cytoplasm.
Electron-microscopic studies revealed that centroblasts have abundant polyribo-
somes and a small amount of rough and smooth endoplasmic reticulum (Figs.
12 and 13).2'7 In cytochemical analyses one finds little granular acid phos-
phatase activity.2'® All other enzyme reactions and fat reactions are negative.
Centroblasts are occasionally PAS-positive in imprints.

Centrocytes (germinocytes) are small or medium-sized and conspicuous
chiefly because of their notched, often indented or deformed nuclei (Fig. 11).
The nuclei reveal small nucleoli, which are usually central, but occasionally
located at the nuclear membrane. The cytoplasm is weak gray-blue with Giemsa
staining. Centrocytes can be distinguished from centroblasts by their nuclear
form and weak basophilia. They differ from lymphocytes of the mantle zone
in their light nucleus, i.e., the nucleus is poor in heterochromatin. Electron
microscopically, centrocytes frequently possess monoribosomes, whereas centro-
blasts contain polyribosomes (Fig. 12). Furthermore, there is a somewhat larger
amount of smooth endoplasmic reticulum. Coated vesicles appear more fre-
quently in centrocytes than in centroblasts. No cytochemical differences could
be established.

Besides typical centroblasts and centrocytes, blast cells apparently occur
in actively proliferating germinal centers. They have round, noncleaved nuclei
and several medium-sized, central nucleoli. This type of cell will be described
and illustrated in detail in the chapter on Burkitt’s lymphoma (p. 366, Fig. 180).
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Fig. 11. Germinal center of moderate activity. On the right, lymphocytes (/y) in the mantle zone.

Large centroblasts (cb). Immunoblast (ib) whose nucleolus is only partly visible. Medium-sized

centrocytes (mcc) and small centrocytes (scc). Dendritic reticulum cells (drc). Chronic nonspecific
lymphadenitis in chronic ulcus cruris. 3, 54 years. Inguinal node. Giemsa. x 1,550

Dendritic reticulum cells were first defined according to electron-microscopic
findings. ?'® They have long-branching, desmosome-connected cytoplasmic
processes (see Figs. 28 and 29). The fine cell branches weave together, forming
a network that contains electron-dense material in between the cellular processes.
The nuclear chromatin is somewhat coarser than that of histiocytic reticulum
cells. They develop mainly in the light zone of the germinal center (see p. 38).

Histiocytic reticulum cells (macrophages) can be recognized by their light,
usually round nucleus, which has a central nucleolus. In the broad rim of
cytoplasm one may find so-called tingible bodies; electron-microscopic studies
reveal that they are debris of various cells (centroblasts, centrocytes, lympho-
cytes, and plasma cells229).

VoN GAUDECKER and HINRICHSEN,??! our group??? and others have
reported the presence of plasma cells and their precursors in germinal centers.
All morphologically defined phases of plasma-cell maturation can be seen in
germinal centers. 22* The sequence of development, however, is difficult to recon-
struct from static pictures. In principle, there are two possibilities. The first

1 2
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Fig. 13. Transitional stage between large centroblast and immunoblast of a germinal center. The
broad rim of cytoplasm is filled with polyribosomes. There are only a few strands of rough endo-
plasmic reticulum. Two nucleoli (n/) are found at the nuclear membrane. x 10,400

Fig. 12a-d. Germinal-center cells of a lymph node in nonspecific lymphadenitis. (a) Large centro-
blast. Its nucleus is deeply indented (arrow) and the nucleolus (n/) is found at the nuclear membrane.
The cytoplasm contains abundant polyribosomes. (b) Small centroblast. It reveals fundamentally
the same morphology as the cell in (a). (c) Centrocyte. The nucleus has an irregular contour and
a more condensed chromatin pattern than the centroblast. The cytoplasm contains free ribosomes
and only a few polyribosomes. (d) Lymphocytes of the mantle zone. They show an even more
condensed chromatin pattern. The nuclei are round or oval. The cytoplasm contains some mito-
chondria with electron-dense matrices. x 6,500
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is that large centroblasts transform into immunoblasts with a broad rim of
strongly basophilic cytoplasm and very large nucleoli. Plasmablasts and proplas-
macytes are then formed from these cells. Conversely, functional data indicate
that centrocytes may also enter the plasma-cell series after transformation into
blast cells. 22* Some centrocytes exhibit active formation of ergastoplasm and
are therefore likely candidates for the transformation process, which might
also take place without an intermediate plasmablastic stage (see p. 245). The
plasma cells are found chiefly in the middle parts of germinal centers, and
they may form Russell bodies.

B. Phases of Germinal-Center Development
Enricu22% and CoNwAy?%® referred to cyclic changes in germinal-center
development after antigenic stimulation. Studies by VAN BucHEM 227 and VELD-
MAN 228 have provided a precise analysis of these phenomena in rabbits. The
conditions are probably similar in humans. Four days after antigen injection,
foci with numerous centroblasts can be found in the primary follicles. This
first phase lasts only about 24 hours. No *‘starry-sky™ cells are seen at this
time, and there are only medium-sized centroblasts with increased mitotic activity
(Fig. 14). In the second phase one finds the typical ““starry-sky’ pattern. Cyto-
logically, however, the germinal center still consists mostly of centroblasts
(Fig. 15). This phase continues over a period of 1—3 weeks. The third phase
reveals a zonal structure of the germinal center (Fig. 16).22° In the lower,
dark side of the germinal center there are densely packed centroblasts with
abundant mitotic figures. In the upper, light zone of the germinal center facing
toward the marginal sinus, one sees mostly centrocytes, a few immunoblasts,
and some plasma cells. Between these cells a web of small cell processes of
dendritic reticulum cells is found on electron microscopy. The third phase lasts
for a longer period —sometimes for months. In the fourth and last phase centro-
blasts are no longer seen; only centrocytes and dendritic reticulum cells remain.

Two pathologic variants of germinal centers can be distinguished in nonspe-
cific lymphadenitis of humans. Regressively transformed germinal centers can
be found, for instance, as a consequence of corticosteroid therapy. In these very
small germinal centers one sees practically no lymphoid cells. In addition to
hyalinized, PAS-positive intercellular material, only onion skin-like dendritic
reticulum cells and vascular endothelial cells may be found. Progressive transfor-
mation of the germinal centers i1s occasionally observed in follicular hyper-
plasia. Thereby the secondary follicles become larger, and the borderline between
the germinal center and the lymphocytes of the mantle zone becomes indefinable.
The germinal-center cells (centrocytes, centroblasts, dendritic reticulum cells,
plasma cells, ““starry-sky” cells) are lost in a mass of lymphocytes. Finally,
a large nodule with abundant lymphocytes results; then its origin from the
germinal center cannot be easily discerned (Fig. 17).

224 See LENNERT, CAESAR and MULLER, 1967; 227 1962.
MULLER-HERMELINK and CAESAR, 1969. 228 1970.
2251929, 229 ROHLICH, 1930.

226 1937.
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Fig. 14a and b. Germinal center at an early stage of formation (phase 1). Large centroblasts are
uniformly distributed in the germinal center. Many mitotic figures are evident. The germinal center
is poorly demarcated from the surrounding mantle zone. Giemsa. (a) x 140, (b) x 560

Fig. 5. Starry-sky pattern of a germinal center in phase II. One sees both large and small centro-
blasts, and large histiocytic reticulum cells containing phagocytosed cells with pyknotic nuclei.
The germinal center is sharply demarcated from surrounding lymphocytes. Giemsa. x 140
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Fig. 16. Typical zonal pattern of a germinal center in phase I1I. The dark zone at the bottom
(d) contains chiefly centroblasts. The light zone at the top (/) contains chiefly centrocytes and
dendritic reticulum cells. Giemsa. x 56

C. Kinetics of Germinal-Center Cells

In healthy persons cell immigration, cell production, cell emigration, and
cell death are in balance in the germinal center. >*® Cell turnover is high. Thirty
minutes after a single injection of *H-thymidine, 20—50% of the centroblasts
are radioactively labeled. 2! Corresponding results were observed in short-term

230 FLIEDNER, KESSE, CRONKITE and ROBERTSON, 231 FLIEDNER, KESSE, CRONKITE and ROBERTSON,
1964 ; HANNA, 1964 ; HANNA, SZAKAL and WAL- 1964.
BURG, 1969 ; VAN DEN BROEK, 1971a.
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Fig. 17a and b. Progressively transformed germinal center in chronic nonspecific lymphadenitis.

Q. 56 years. Cervical node. (a) In the middle, a large, progressively transformed germinal center

(ptge) surrounded by some follicles with small germinal centers (gc). Note the difference in size

between progressively transformed and resting germinal centers. Gomori. x35. (b) The same

progressively transformed germinal center at a higher magnification. Germinal-center cells (centro-

blasts = ch. centrocyte = cc) are seen among lymphocytes (/y). Dendritic reticulum cell (dre). Giemsa.
x 880
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Fig. 18. Simultaneous demonstration of DNA content (Feulgen cytophotometry, expressed in working

units [U]) and *H-thymidine-incorporation after short-term incubation for 1 hour (autoradiography).

Labeling index of centrocytes: 8.3%, of centroblasts: 49%. The vertical dashed lines represent the

diploid (2¢) and tetraploid (4c) values. Logarithmic scale. The blank columns stand for no silver grains.
(From MITROU, QUEISSER, LENNERT and SANDRITTER, 1969)



The Function of Germinal Centers 43

cultures of human germinal-center cells (Fig. 18). 2*? Quantitative cytophotomet-
ric studies, combined with autoradiographic studies of short-term cultures of
30 min, revealed a higher total protein content and greater *H-leucine incorpora-
tion in centrocytes than in lymphocytes. Of the centrocytes, 91.7% remained
unlabeled with *H-thymidine, while 8.3% showed *H-thymidine incorporation.
Of the centroblasts, 49% were labeled with *H-thymidine. When a distinction
was made between small, medium-sized, and large centroblasts, the labeled
small forms showed diploid to tetraploid DNA values, whereas the medium-sized
and large forms revealed mostly tetraploid and hypotetraploid values. The labeled
large centroblasts were never diploid.

The results of our studies of short-term cultures might indicate the following
interpretation. B-lymphocytes flow into the germinal center, where they trans-
form into small centroblasts. An intermediate stage may be morphologically
indistinguishable from centrocytes. With additional DNA and RNA synthesis,
the rim of cytoplasm of the centroblasts increases in width and basophilia.
Most centroblasts do not divide as small cells, but rather increase in volume
and then give rise to smaller forms. For this reason, large centroblasts do
not reveal diploid DNA values. Centrocytes originate from small centroblasts
and may end up as small lymphocytes (B,-lymphocytes). Locally formed centro-
cytes as well as newly arrived B-lymphocytes may also ““retransform™ into
centroblasts before leaving the germinal center. Thus, the 8.3% of the centrocytes
that are labeled may be precursors of small centroblasts, regardless of whether
they originate from immigrated B-lymphocytes, which appears probable from
experiments by DURKIN ef al.,**? or from newly formed centrocytes that enter
the cycle again. Lukes and CoLriNs??** concluded from our experiments and
from their own PHA studies that all centroblasts are derived from centrocytes.
That does not agree with our interpretation.

D. The Function of Germinal Centers

The discussion about the functional meaning of germinal centers has not
ceased since the early controversy between FLEMMING and HELLMAN. One of
the main questions in the recent discussion has been whether germinal centers
are of principal qualitative importance or whether their formation has to be
regarded as an auxiliary reaction secondary to the (indefinable) ““normal” reac-
tion. Another question concerned the type of reaction in which germinal-center
formation is involved.

The finding of immunoglobulin in germinal centers“** first suggested their
involvement in immunoglobulin synthesis. KEUNING ez al.?*> and DIENER and
NossaL23¢ demonstrated, however, that immunoglobulin production can occur

234
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without germinal-center formation. BALFOUR and HUMPHREY 237 showed that
immunoglobulin is essential for the localization of antigens within germinal
centers. Immunoglobulins are bound with their Fc fragments to the surface
of long branching cytoplasmic processes of dendritic reticulum cells. 23® Thus,
antigens may also be found here, attached at the antigen-binding sites on the
Fab fragment of the immunoglobulins. This antigen localization is seen mainly
in the late primary and in the secondary immune response to antigens, after
the first antibodies, for the most part IgM, have already formed. Antigens
on the cellular processes are not ingested, but instead remain at this site for
a long time and are thus in a position to restimulate specifically reacting lympho-
cytes.

The destiny of the rapidly dividing lymphatic germinal-center cells, the cen-
troblasts, remained obscure for many years. Results of cytokinetic studies using
YH-thymidine labeling suggest that germinal centers might be the ‘“graveyards”
for lymphocytes. **° Premitotically labeled centroblasts are apparently ingested by
germinal-center macrophages and digested in less than an hour. The functional
significance of this phenomenon is not clear. In connection with the functional
behavior of germinal-center cells, the results of labeling studies indicated that
lymphoid cells leave the germinal centers and colonize other lymphatic organs
or the bone marrow.?3%?

Cooper and WELLER *#° found that germinal centers are especially important
for 7 S immunoglobulin production. CoTTiIER and SORDAT2*! pointed out that
this effect might be more of a quantitative one, since investigations by their
group and by others showed that small amounts of 7 S immunoglobulin may
be produced in a real primary reaction without germinal-center formation.

The formation of germinal centers in mammals depends on the integrity
of the T lymphocyte system. JACOBSON et al.?*% showed that active germinal-
center formation in nude mice that do not have a thymus is possible only
after transfer of living or 3000 rad-irradiated syngeneic thymus cells. In this
context, it is interesting that WEISSMAN et al. 2*® found up to 20% of the cells
in the upper germinal-center region to be T-lymphocytes, using a specific anti-T-
lymphocyte serum in mice.

The present views on germinal-center function may be summarized as fol-
lows. At least in the early stages, germinal centers are the site of transformation
and multiplication of specifically reacting clones of lymphocytes after antigenic
stimulation. These processes take place particularly in the secondary immune
reaction. Then, specifically reacting B-lymphocytes are arrested and stimulated
to proliferate by the antigen on the cytoplasmic projections of dendritic reticulum
cells. In an animal system, that has been most clearly demonstrated in the
so-called milky spots of the omentum of mice. 2** The most important function
of germinal centers is the formation of precursors of immunoglobulin-secreting
cells, whereas immunoglobulin production seems to be of minor importance. 24°
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This process results in the important increase in antigen-reactive and immuno-
globulin-secreting cells in the late primary and the secondary immune reactions.
The antigen-reactive small lymphocytes formed in the germinal-center reaction
probably represent the cellular basis of immunologic memory of the humoral
immune reaction (*‘memory cells).?** They are long-lived and able to recircu-
late via the blood stream. In any immune reaction to the same antigens occurring
later, these cells are capable of more intense antibody production, owing to
the greater number of initially reacting and the selection of *“best-fitting™ anti-
body-producing cells. 24¢ .

NieuwenNHUIS 247 and KEUNING ?*® found evidence of formation of B;-lym-
phocytes whose antigenic specificity was unrelated to the eliciting antigen. This
finding may indicate that germinal centers are the main cell-renewal system
for B-lymphocytes and therefore have some functional resemblance to the avian
bursa of Fabricius. Accordingly, germinal centers are real germinal centers,
ie., they produce lymphocytes. Hence, there is no reason to object to the
term germinal center as originally applied by FLEMMING. On the other hand,
HELLMAN’s interpretation is also correct, namely, that germinal centers are
formed only in response to —under normal conditions inevitable —antigenic stim-
ulation. Therefore, it is futile to argue over terminology. We are certainly not
making an error by continuing to use the old term germinal center conceived
by FLEMMING.

V. Histomorphology of the T-Cell Region

Histologic investigations of lymphatic tissue from neonatally thymectomized
mice, 24° rats, 2°° rabbits, 25! and chickens, ?52 and from children with thymic
aplasia2>® showed that absence of the thymus leads to selective deficiency of
lymphocytes in certain areas of the lymphatic tissue. Normally, these regions
are mainly populated with T-lymphocytes.?°* In the lymph node, however,
B-lymphocytes may also be found there, especially under pathologic conditions,
since the flow of lymphocytes from the outer cortex to the medulla passes
through this region. The most significant alterations of these areas are found
in cellular immune reactions.

The thymus-dependent region (T-zone) of the lymph node 1s localized in
the cortical lymphoid tissue, beneath the follicles (Fig. 19). It may extend as
far as the margmal sinus, even in normal tissue, thus appearing “‘cortical”
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Fig. 19. T-nodule (Tn). At the top, four smaller follicles (f; B-cell region) are sharply demarcated
from the large T-nodule. Epithelioid venules are seen in the T-nodule and in the surrounding
pulp (p). Nonspecific lymphadenitis. Inguinal node. Gomori. x 35

and not ‘“‘paracortical” as this area was originally designated. The presence
of epithelioid venules in the T-cell region, especially at the margins, is very
typical. The venules are seen most clearly with PAS staining. In superficial
lymph nodes, more often than in deeper ones, the T-cell region acquires a
nodular appearance. The nodular structures used to be called tertiary nodules
or tertiary follicles.2>® They represent constant, well-defined structures of the
T-zone and are comparable to the follicles with and without germinal centers
seen in the B-cell region. We therefore prefer the term T-nodule.

T-nodules are greatly enlarged in itching skin diseases. The enlargement is
mainly due to an increase in histiocytic and interdigitating reticulum cells. The
lesion is called dermatopathic lymphadenitis or lipomelanic reticulocytosis.

Other diseases, such as viral infections, lead to a more diffuse type of hyper-
plasia. The T-zones then contain numerous stimulated lymphocytes and immu-
noblasts, but no discernible nodules. The dominant histologic impression,
namely, the typical mixture of small lymphocytes and activated lymphocytes
of different sizes and variable cytoplasmic basophilia, led to the name of this
condition : polymorphic hyperplasia of the pulp (bunte Pulpahyperplasie; Fig.20).

255 EHRICH, 1946; SCOTHORNE and MCGREGOR, 1955.
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Fig. 20. Polymorphic hyperplasia (bunte Pulpahyperplasie) of the pulp. Numerous large immuno-
blasts (ib/) are found among small and activated lymphocytes. Lymph node in infectious mononu-
cleosis. Giemsa. x 350

Both dermatopathic lymphadenitis and polymorphic hyperplasia of the pulp
are sequelae of cellular immune reactions.

When we use the term pulp, we mean the diffuse part of lymphatic tissue that is identifiable
as neither B- nor T-zone. It is, so to speak, a neutral area of lymphatic tissue. The pulp is
composed chiefly of lymphocytes and cells of the plasma-cell series, which are found in peri-
vascular and perisinusoidal areas, i.e., the main traffic routes from the outer cortex to the medulla.
The lymphocyte population seen here is thought to comprise a mixture of T- and B-lymphocytes.
In so-called polymorphic hyperplasia of the pulp, the infiltrating cells are found in the pulp,
including the T-areas, which in this instance are indistinguishable from other parts of the pulp.

Like the B-cell region, T-zones also contain a specific type of reticulum
cell in addition to histiocytic and fibroblastic reticulum cells. This cell was
first described in rabbits by VELDMAN.?%¢ Since then, it has also been found
in human lymph nodes, spleen, tonsils, and thymic medulla. It is confined
tothe T-cell regions (see Figs. 23 and 30-32). VELDMAN called this type of reticulum
cell the “interdigitating cell” because of the broad villous cell-surface projections
that interdigitate with each other. This cytologic feature is most prominent
in dermatopathic lymphadenitis.

Whereas different stages of cellular evolution and differentiation can be clearly
characterized in B-lymphocytes, this is not possible for T-lymphocytes, at least
in man. Many experimental data suggest, however, that similar stages with
different functional activities can also be distinguished in T-lymphocytes.

236 1970.
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VI. Histochemistry of B- and T-Cell Regions

Different functional compartments in the lymphatic tissue of man can be
easily identified by means of cytochemical techniques.?3” The most useful histo-
chemical reactions, which we apply singly or in combination, are the following:
(1) nonspecific esterase (a-naphthyl acetate esterase?>®), (2) acid phosphatase,®
(3) Mg* *-dependent membrane adenosine triphosphatase (ATPase),2%° (4) 5-
nucleotidase,?>° and (5) alkaline phosphatase.

In B-cell regions both lymphoid cells and the stationary reticulum cells
can be identified cytochemically. The histiocytic reticulum cells of follicles with
and without germinal centers are clearly demonstrated by the nonspecific
esterase reaction, since they are strongly positive. Dendritic reticulum cells are
only moderately positive (Fig. 21). With the acid phosphatase reaction only

Fig. 21. Germinal center and mantle zone with nonspecific esterase reaction. Note the long cytoplas-
mic projections of dendritic reticulum cells (drc), which reveal moderate enzyme activity. There
are some large histiocytic reticulum cells (hrc; starry-sky cells) among them that exhibit strong
enzyme activity. Nonspecific lymphadenitis. Iliac node. Neutral a-naphthyl acetate esterase reaction.
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Fig. 22. B- and T-regions of a lymph node in the simultaneous demonstration of alkaline phosphatase

(red) and S-nucleotidase (brown) activity. Germinal centers are weakly positive and lymphocytes

in the B-region (B) are strongly positive for 5-nucleotidase. The T-region (7) is negative for 5-nucleo-

tidase and weakly positive for alkaline phosphatase. Nonspecific lymphadenitis. &, 48 years.
Cervical node. x 64

histiocytic reticulum cells are strongly positive, whereas dendritic reticulum cells
are negative. A positive reaction for acid phosphatase has been reported on
the cell surface only at pH values higher than 5.6,2°° which is not comparable
to the usual reaction found at pH values below 5.0.

Dendritic reticulum cells exhibit a strong 5-nucleotidase reaction (Fig. 27).
The lymphocytes of the follicular mantle zone also react positively (Fig. 22),
whereas T-lymphocytes and reticulum cells of the T-nodules remain negative for
this enzyme. The histochemical demonstration of ATPase reveals a positive
reaction in follicle-mantle lymphocytes and in plasma cells, whereas germinal-
center cells (centroblasts and centrocytes) and lymphocytes of T-cell regions
are negative. Since B-cell regions are positive for ATPase und 5-nucleotidase,
these methods make it easy, at least in cryostat sections of lymphatic tissue,
to distinguish positive B-cell regions from negative T-cell regions.

In the T-cell regions the specific interdigitating reticulum cells can be rec-
ognized by means of histochemical methods. These reticulum cells exhibit a positive
ATPase reaction, whereas lymphocytes, as mentioned previously, react negatively
(Fig. 23a). In addition, interdigitating reticulum cells show a weak paranuclear
reaction for acid phosphatase (Fig. 23b) and a very faint reaction for nonspecific

260 StEpHAN and BLUMCKE, 1971.
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Fig. 23a and b. T-zone with various enzyme reactions. (a) Simultaneous demonstration of ATPase

(brown) and «-naphthyl acetate esterase (red) activity. Epithelioid venules and histiocytic reticulum

cells (hrc) are strongly positive for nonspecific esterase. Interdigitating reticulum cells are moderately

positive for ATPase. They form a brown network among the negative lymphocytes. Nonspecific

lymphadenitis. &, 19 years. Iliac node. x 540. (b) Acid phosphatase reaction. There is weak focal

positivity in interdigitating reticulum cells (irc). Histiocytic reticulum cells (hrc) are strongly positive.
Same node as in (a). x 540
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esterase. The boundary of the T-nodule is frequently well defined by fibro-
blastic reticulum cells, which show positive alkaline phosphatase activity.

With the combined demonstration of alkaline phosphatase and 5-nucleotid-
ase activity or of ATPase and acid phosphatase activity, B-cell and T-cell regions
are clearly distinguishable in all peripheral lymphatic tissues in man. So far,
the enzyme reactivity of the cells has been used only for their cytologic identifica-
tion. The functional interpretation of these activities, which for the most part
represent surface enzymes, has not yet been clarified.

VII. Stationary Elements of the Lymph Node

A. Reticulum Cells

The terminology for the stationary elements of the lymph node used to
be confusing, because when someone spoke of reticulum cells, he usually
presented a table of synonyms for the cells he meant.?®* Even today there
is no general agreement on the identity of these cells. As a general morphologic
definition, reticulum cells have been considered to be stellate cells with slender
cell processes and a light, oval or polymorphic, leptochromatic nucleus. The
nucleus has a distinct nuclear membrane and a small or medium-sized
nucleolus when observed in hematoxylin and eosin- or Giemsa-stained sections.
The cytoplasm is only slightly stained and not basophilic. It is obvious that
this definition applies to a variety of cells with different functions. They can
be clearly distinguished from each other by means of other techniques.

Some new attempts at classifying reticulum cells have been made. CARR 262
speaks of “reticular cells,” meaning only the antigen-retaining dendritic cells
described by NOSSAL er al.,*®* and of reticulum cells, which include a variety
of cells showing transitions to macrophage morphology. STUART 2%* interpreted
reticulum cells as fiber-associated structural cells, which he studied in vivo
and in vitro. In their proposal for an improved classification of mononuclear
phagocytes, VAN FURTH et al.>%3 agree that the terms reticulum cell and reticular
cell may be used synonymously. These authors include the following cells in
the common group of mesenchymal cells, which is different from the monocyte-
derived MPS: “reticulum cell, dendritic cell, fibroblast, and endothelial cell.”
The results of our own studies °® on the structural cells of the human lymphatic
system strongly favor the classification of VELDMAN.*®” Among the structural

261 Cf., LENNERT, 1961 ; HOEFSMIT, 1975.
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cells in lymphatic tissue of rabbits, he distinguished dendritic cells, interdigitating
cells, fiber-associated reticulum cells, and phagocytic reticulum cells (macro-
phages). HoersMmIT 2®8 includes interdigitating cells in the mononuclear phagocyte
system; but she also distinguished four types of reticulum cells. We do not yet
know the exact interrelationships between these different cell types. There is
practically no information about their cytogenetic derivation and proliferation
capacities.

Despite the doubts and myths surrounding the term reticulum cell, we con-
tinue to use it. Substituting the word ‘“histiocyte” has only led to further
confusion; thus, it is now as surrounded by myths as the term reticulum cell
is. The word “macrophage” (free and fixed>°°) does not solve the problem,
either, since ‘“macrophage” covers only one variety of reticulum cell of the
lymphatic system.

One of the reasons for continuing to use the term reticulum cell is a traditional
one. Thousands of pathologists, hematologists, and students of medicine are
familiar with its proper sense. That is the sense in which we use it, namely,
that reticulum cells are the stationary, structural cells of lymphoreticular tissue.
A more sophisticated distinction of different types of structural cells involved
in different functions should not interfere with this general interpretation. We
wish to emphasize, however, that the common term does not at all imply
a common origin or function. In the following, the term reticulum cell will
be applied to a group of at least four different cell types. They are very similar
and not every cell can be clearly identified on ordinary light microscopy, but
may be differentiated by means of other methods. None of the reticulum cells has
a stem-cell function, as we and nearly all hematologists used to believe.

On the basis of our morphologic, cytochemical, and electron-microscopic
findings and the function of reticulum cells, we distinguish the following four
main types:

1. Histiocytic reticulum cell.

2. Fibroblastic reticulum cell.

3. Dendritic reticulum cell.

4. Interdigitating reticulum cell.

Even the broad interpretation applied here is not without difficulties. We
wish to mention two main reasons for confusion:

1. We include the term ‘“histiocytic” reticulum cell, although most investi-
gators agree that these cells are derived from monocytes and belong to the
MPS. Even today, though, there is no general agreement on whether all macro-
phages of the tissue are monocytogenic. Another reason for using this term
is one of tradition, namely, that this type of cell has always been called
reticulum cell. When the cells do not contain ingested material, they cannot
be distinguished from other types of reticulum cells on ordinary light microscopy.

2. We use the term “fibroblastic” reticulum cell for the reticulum cells
that are closely associated with reticulin fibers and that are positive for alkaline
phosphatase. These cells differ from fibroblasts and fibrocytes of the connective
tissue in two morphologic features: (1) they exhibit a close hemidesmosome-

268 1975, 269 yaN FurTH, COHN, HIrRSCH, HUMPHREY
etal., 1972,



Histiocytic Reticulum Cell 53

like junction to the accompanying fibers, and (2) the fibers are of the reticular
type with a large amount of basement membrane-like, amorphous or fibrillar
substance. Fiber production by fibroblastic reticulum cells cannot be proved
morphologically. The strong alkaline phosphatase activity seen along the cells,
however, points to some function in fiber formation.

When we say that reticulum cells belong to the stationary parts of the
lymph node, we do not mean that additional cells cannot come from the blood
or that an increase in reticulum cells is not possible. The term stationary is
used to express the fact that these parts represent the relatively stable structural
elements of the lymph node that offer the emigrating and immigrating lympho-
cytes a ‘“home,” making it possible for these cells to reside in the lymph
node for a certain time. The specific reticulum cells of the B- and T-cell regions
might have some sort of guiding function: they might provide the ecologic
milieu that attracts the B- or T-lymphocytes and motivates their functional
cooperation. Therefore, reticulum cells probably have not only a supporting
function; ie., they not only form the stroma of lymphatic tissue, but also
probably interact with the lymphocytes in a relatively specific manner. It is
likely that a very finely tuned synergy is realized, although we do not yet
understand the details.

L. Histiocytic Reticulum Cell

The histiocytic reticulum cell corresponds chiefly to the cell that has been
called “histiocyte” since the time of Kiyono.?”° We avoid using the term
histiocyte. One reason is that, like BEssis,?’! we applied it to a medium-sized
cell of the lymph node that was able to phagocytose and that we now regard
as an immigrant monocyte. Our histiocytic reticulum cell is equivalent to the
fixed macrophage defined in the new classification of the MPS.2¢°

The histiocytic reticulum cell is large and has plump, moderately long
processes that extend between the cells of the lymphatic parenchyma. Sometimes
the cell is rounded, particularly in the sinus. Histiocytic reticulum cells are
found in all areas of the lymph node, even in germinal centers, where they
are distributed like stars in the sky (starry-sky cells). They are often densely
concentrated in the sinus (so-called sinus histiocytosis). Otherwise, they show
a relatively uniform distribution in the pulp and follicles.

Cytochemistry. Histiocytic reticulum cells contain the greatest amount of
acid phosphatase and nonspecific esterase known in lymphatic tissue. The PAS
reaction is generally negative, but after phagocytosis of lymphocytes, for exam-
ple, histiocytic reticulum cells frequently show globular or uncharacteristic PAS-
positive intracytoplasmic deposits. They may also contain Sudan-positive lipoids,
hemosiderin, and other substances. Furthermore, they are metallophilic.

Ultrastructure. The nucleus is round or oval. In its center there is a medium-
sized nucleolus with coarse nucleolonemata (Fig. 24). The chromatin is slightly

270 1914, 271 1954,
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Fig. 24. Histiocytic reticulum cell in the pulp in a case of dermatopathic lymphadenitis. The large
phagosomes contain amorphous material, melanin, and lipofuscin (x).- At the upper left, part of
another histiocytic reticulum cell with phagosomes containing ceroid (xx). x 10,000

electron-dense and fine; it reveals slight condensation along the nuclear mem-
brane. The rim of cytoplasm is usually broad. Wide cell processes extend between
the lymphoid cells. The cytoplasm reveals one or more large, well-developed
Golgi fields. In the rest of the cytoplasm one sees short, sometimes branched
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membranes of smooth endoplasmic reticulum and a variable amount of rough
endoplasmic reticulum. Most characteristic are the often large phagolysosomes
containing still-recognizable cell and membrane remnants. There are also smaller
electron-dense lysosomes. The relatively large number of mitochondria indicates
high metabolic activity.

In the lymph node histiocytic reticulum cells differ especially in the type
of inclusions. For example, in germinal centers one finds practically only starry-
sky cells, i.e., macrophages that have phagocytosed cells and whose phagolyso-
somes contain cells in various stages of degradation or cell fragments. Character-
istically, these starry-sky cells have a light, round or oval nucleus and a light,
translucent cytoplasm with relatively little ergastoplasm. The paracortical area
reveals histiocytic reticulum cells that as a rule contain other products. In
the phagolysosomes of these cells one often sees particularly abundant ceroid,
melanin, or hemosiderin and other substances that cannot be clearly defined.

Function. Histiocytic reticulum cells phagocytose endogenous cells and every
type of foreign substance, and digest them when possible. When that is not
possible, the foreign substances are stored. When phagocytosis is pronounced,
the histiocytic reticulum cells become rounded ; they are then also called macro-
phages. Such macrophages also develop from immigrant monocytes. These cells
are at first much smaller and contain only moderate acid phosphatase and
nonspecific esterase activity. Within 24 hours they may be strongly activated.
They then attain the size and enzyme activity of stationary histiocytic reticulum
cells (“‘activated macrophages™ of MACKANESs27?). Histiocytic reticulum cells
do not form reticulin fibers.

Addendum
Epithelioid Cell

We understand the epithelioid cell as a special monocyte-derived, evolutionary
form of macrophages. It is found chiefly in the T-cell region, but may also
be observed in germinal centers and sinuses.

Cytochemistry. The nonspecific esterase and acid phosphatase reactions are
weakly to strongly positive, but not as strongly positive as in macrophages.
A granular PAS reaction is always seen in imprints. Furthermore, one finds
very strong ATPase activity. Recent histochemical investigation of epithelioid-
cell granulomas showed that acid phosphatase activity was high in early stages,
but that it decreased in later stages. Nonspecific esterase and ATPase activity
did not change, whereas aminopeptidase activity increased.?”® Epithelioid cells
exhibit high metabolic activity, as suggested by the high enzymatic activities
of the pentose cycle, the Krebs cycle, anaerobic glycolysis, enzymes of the
respiratory chain, and hydrolytic enzymes. 27#

272 1969, 1970, 1971; LEDER, 1967; RABEN-  27* WiLLIAMS, WILLIAMS and WILLIAMS, 1969;
HORST, 1972. PaLva, DAMMERT and PALva, 1973; ECKERT,
273 EckerT, ZAUMSEIL and SEHRT, 1976, per-  ZAUMSEIL and SEHRT, 1976, personal communi-
sonal communication. cation.
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Fig. 25. Epithelioid cells (top) and Langhans’ giant cell (bottom) in sarcoidosis. They are intercon-
nected by interdigitating surface projections. The epithelioid cells and the giant cell contain
abundant electron-dense vesicles and ergastoplasm. x 8,500

Ultrastructure.?”> The epithelioid cell (Fig. 25) ranges up to 20 um or more
in diameter. Its cytoplasmic membrane displays irregular projections. At points
of contact between neighboring cells the invaginations of one cell often interdigi-
tate closely with evaginations of another. The nucleus is situated eccentrically
and measures about 10 um in diameter. For the most part, the nuclear membrane
exhibits irregular indentations, and the nuclear chromatin is uniformly dispersed.

275 Mor1 and LENNERT, 1969.
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One or two medium-sized nucleoli may be visible. Numerous mitochondria
and a large amount of smooth endoplasmic reticulum fill a large portion of
the cytoplasm. The mitochondria display denser matrices than the cytoplasm
and contain cristae in an orderly array. Many endoplasmic vesicles may be
encountered in the center of the cells. In typical epithelioid cells the vesicles contain
clectron-lucent material. In some cells, however, presumed to be somewhat
younger epithelioid cells, electron-opaque material is enclosed within the vesicles.
A small amount of rough endoplasmic reticulum tends to concentrate at the
periphery of the cell. Several Golgi bodies occupy central positions. They consist
of lamellar, vacuolar, and vesicular components. YAMORI?’® has divided epithe-
lioid cells into two groups: typical epithelioid cells and * pre-epithelioid cells.”
The latter do not yet reveal distinct interdigitations, and they have a paucity
of rough endoplasmic reticulum. Ribosomes are greatly reduced in number,
and large phagosomes are absent.

Function. Macrophages are not, or are only insufficiently, capable of killing
facultative intracellular parasites such as BCG, listeria, or toxoplasmas. Subtle
quantitative electron-microscopic studies revealed that dead BCG and toxo-
plasmas can be digested immediately by macrophages, but that living pathogens
can proliferate in the cytoplasm.?”” Furthermore, electron-microscopic analysis
showed that when living pathogens are present, the primary lysosomes do not
empty into the phagosome to provide the necessary digestive enzymes.?’” The
ability to kill bacteria intracellularly is transferred to macrophages through
sensitized lymphocytes, 2’® especially T-lymphocytes, ?’° or lymphocyte media-
tors. ®% There is a fundamental change in the metabolism of the macrophages;
they are then called activated macrophages. *®' The decisive substance effecting
the intracellular killing of bacteria under these conditions has not yet been
clearly identified; but mechanisms similar to the ones in extracellular killing
of bacteria may be involved.?®? The killing of intracellular bacteria does not
occur specifically: macrophages activated by BCG are also able to decompose
and kill listeria more quickly. 28!

Immunologically activated macrophages are able not only to decompose
intracellular pathogens more quickly, but also to secrete a product that is able
to kill extracellular listeria. 2®* The secretion of acid phosphatase, 2®* collagenase,
elastase, *% lysozyme, and plasminogen activator 28¢ has also been observed. 287

In contrast to activated macrophages with increased phagocytic capacities,
epithelioid cells do not phagocytose to any considerable degree. They show instead
high secretory activity owing to a large amount of rough endoplasmic reticulum,
multiple large Golgi bodies, and a large number of intracytoplasmic vesicles.
This change in function was demonstrated by Gorpon,2%® who found that
cultured macrophages show increased secretory activity with time, i.e., that
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during the maturation process the function of macrophages turns from ingestion
to secretion. One of the most important factors in the formation of epithelioid
cells is time,?®® which would also fit into this concept.

Although formation of epithelioid cells also occurs in chronic foreign-body
granulomas and in other chronic nonspecific inflammatory reactions, it usually
seems to be conditioned immunologically. It may be effected either through
increased local immobilization of macrophages by T-lymphocyte products, or
through direct stimulation of macrophages by certain lymphocyte mediators,
as suggested by the work of SCHMIDT et al. 2882 Thus, an epithelioid-cell granu-
loma may be considered to be a second-line barrier that acts when the defense
mechanism of phagocytosis is not capable of eliminating invading microorgan-
isms. This interpretation is given further support by the finding that epithelioid-
cell granulomas are found in infections with pus-forming, gram-positive bacteria
when the phagocytosis mechanism is defect, e.g., in chronic septic granulo-
matosis.

Our findings on BCG histiocytosis2®° and similar changes in lepromatous
leprosy 2°° show that a great increase in macrophages occurs in both lesions.
The macrophages contain massive numbers of bacteria that evidently cannot
be killed. On the other hand, the formation of epithelioid-cell tubercles is
not possible in either lesion, in contrast to typical tuberculosis and tuberculoid
leprosy. The main reason for that is probably insufficiency of the cellular immune
apparatus. The lack of T-lymphocytes or of certain clones of T-lymphocytes
prevents the formation of epithelioid cells. A second prerequisite for the develop-
ment of BCG histiocytosis is evidently the kind of pathogen. It must not be
too toxic. Mycobacterial histiocytosis is induced by BCG, Mycobacterium avium,
and photochromogenic mycobacteria. These mild infections affect individuals
with a defective immune system, e.g., with Swiss-type agammaglobulinemia.

In conclusion, the epitheloid cell is not simply a histiocyte, as is often
maintained. Instead, it is, as a Tule, a monocytogenic cell that no longer phagocy-
toses. Its development is complicated and, at least in bacterial infections, im-
munologically conditioned.

2. Fibroblastic Reticulum Cell ( “Dictyocyte’’)

Fibroblastic reticulum cells are found chiefly in the neighborhood of capil-
laries and venous and arterial vessels. A characteristic pattern of fibroblastic
reticulum cells is found at the margins of the T-zones in the various peripheral
lymphatic tissues. In principle, however, single fibroblastic reticulum cells can
be found in all regions of the lymph node. We cannot yet identify them on
light microscopy.

Cytochemistry. Fibroblastic reticulum cells contain only small amounts of
nonspecific esterase and acid phosphatase. The latter can hardly be identified
in sections. Instead, they reveal large amounts of the surface enzyme alkaline
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phosphatase, which can be demonstrated by light and electron microscopy.
The demonstration of alkaline phosphatase on fibroblastic reticulum cells repre-
sents a criterion of activity. One always finds alkaline phosphatase when fresh
formation of collagenous fibers can be suspected. On the other hand, fibrocytes,
i.e., inactive fiber-producers, of the lymph-node capsule and in older scarred
areas are negative for alkaline phosphatase.

Ultrastructure. Fibroblastic reticulum cells are often extremely electron-
dense. Many of these cells might be equivalent to the so-called dark reticulum
cells that have been described in animals and man.2°! In earlier papers,2°?
we expressed the opinion that the increased electron density of these reticulum
cells can be attributed to intravital damage and therefore represents a manifesta-
tion of degeneration. The fibroblastic reticulum cells of lower electron density
show the slightly dilated rough endoplasmic reticulum typical of fibroblasts.
In addition, the cytoplasm contains a few free ribosomes, a little smooth endo-
plasmic reticulum, and occasionally a small Golgi apparatus. The nucleus is
oblong, sometimes with indentations similar to the teeth of a saw. It contains
a central or marginal nucleolus, occasionally layered in rings like that of lympho-
cytes. Nucleospheroids have been seen several times. A special characteristic
is the relationship of the cells to reticulin fibers. This relationship is often
seen as hemidesmosomes (Fig. 26). The cytoplasmic side of the unit mem-
brane is condensed, and on this side one sees converging tonofibrils, whereas
the side of the cytomembrane lying against the fibers is smooth. Occasionally,
tonofibrils appear to break through the membrane and to penetrate the adjacent
fibers. In addition to rough endoplasmic reticulum, the cytoplasm may contain
bundles of tonofibrils. The adventitia cells of vessels often cannot be dis-
tinguished from fibroblastic reticulum cells. They are identical according to
morphologic criteria. In contrast, fibroblasts of connective tissue usually do
not show a close relationship to adjacent fibers. Furthermore, the type of fiber
differs. In connective tissue the fibers are collagenous and there is little interfibril-
lar substance, whereas lymphatic tissue contains mostly basement membrane-like
substances and little collagen.

Function. By definition, the cells are thought to form the reticulin fibers
of the lymph node, whereas they do not phagocytose, or at least not to any
significant degree.

3. Dendritic Reticulum Cell
( Long-Branching Nonphagocytosing Reticulum Cell)

Dendritic reticulum cells are specific to the B-cell region and, accordingly,
are found in large numbers in germinal centers (see p. 34ff.), where they are
difficult to distinguish from starry-sky cells on light microscopy. With some
practice, however, a distinction is often possible (see Table 2). The nuclei
of dendritic reticulum cells are elongate, often irregularly cornered or angular.
291 1zarp and DEeHARVEN, 1968; MoLLo, MULLER-HERMELINK, KAISERLING and LENNERT,
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Fig. 26. Fibroblastic reticulum cell (frc) and interdigitating reticulum cell (idc) in the T-zone. x 8,500.
Inset: the fibroblastic reticulum cell shows hemidesmosomal junctions (arrows) to adjacent reticulin
fibers. x 48,000
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Table 2. Light-microscopic and cytochemical differences between dendritic reticulum cells and starry-
sky cells (histiocytic reticulum cells) of germinal centers

Dendritic reticulum cell

Starry-sky cell

Nucleus
Shape Elongate, occasionally Round
angular
Nucleolus Single, medium-sized, Single, medium-sized,
moderately slightly basophilic
basophilic (gray) (gray-reddish)
Membrane Clearly discernible Weaker-staining
Cytoplasm
Staining Light gray, hardly visible Gray-reddish, clearly
visible
Amount Very small Large
Phagocytosis — +++

Localization Especially in light part of Either uniformly distributed
germinal center and in marginal in germinal center
zone or in dark part
Cytochemistry
Nonspecific esterase + ++ 4
Acid phosphatase - +++
S-nucleotidase + —

PAS Occasional positive

cytoplasmic inclusions

The nuclear membrane is clearly defined. In the middle of the nucleus there is
a medium-sized, moderately basophilic nucleolus. With Giemsa staining the rim
of cytoplasm around the nucleus is narrow and very weakly stained light gray.
The long thin cytoplasmic processes cannot be made out.

In contrast, the histiocytic reticulum cells of germinal centers (starry-sky cells)
show large round bright nuclei with a fainter nuclear membrane with Giemsa
staining. There are likewise large reddish violet (i.e., very slightly basophilic)
nucleoli in the middle of the cell. The rim of cytoplasm is wide and weakly
stained gray-reddish. It usually contains cell debris and vacuoles. The outer
margin of the cells is usually identifiable.

The distribution of both types of reticulum cells in the germinal center
makes their identification easier. Dendritic reticulum cells are found chiefly
in the light (upper) part of the germinal center, whereas the histiocytic forms
(starry-sky cells) are uniformly distributed throughout the germinal center, or
they are situated in the dark lower part.

Cytochemistry. Dendritic reticulum cells contain moderately abundant non-
specific esterase, which can be followed right out into the processes. This esterase
activity is much weaker than that of histiocytic reticulum cells or macrophages.
In contrast to these cells, dendritic reticulum cells do not reveal any acid phos-
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Fig. 27. 5-nucleotidase reaction of a binucleate dendritic reticulum cell (lower half of the picture).
There is strong surface activity. Adjacent centrocytes are negative. The lymphocyte at the bottom
(mantle zone) is positive. x 9,200
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Fig. 28. Histiocytic reticulum cell (hrc) and binucleate dendritic reticulum cell (drc) in a germinal
center. Note the difference in the chromatin patterns of the nuclei. The broad rim of cytoplasm
of the histiocytic reticulum cell contains remnants of phagocytosed and degraded cells. x 8,500
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Fig. 29. Part of the light zone of a germinal center revealing interwoven cellular projections of
dendritic reticulum cells lying among centroblasts and centrocytes. The surface projections are
connected by desmosomes (inset). x 4,600, inset: x 22,000
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phatase on light microscopy. The 5-nucleotidase reaction is strongly positive
in dendritic reticulum cells (Fig. 27). The PAS reaction is negative.

Ultrastructure. Dendritic reticulum cells of germinal centers usually have
an oval nucleus. Sometimes it has three or more corners. As a rule, the nuclear
chromatin is coarser than that of histiocytic reticulum cells, and it is clearly
condensed in a narrow zone along the inner nuclear membrane. The central
solitary nucleolus shows coarsely interwoven nucleolonemata. Nucleospheroids
are frequently seen. The rim of cytoplasm is extremely narrow around the
nucleus and is often only a fraction of a micron wide. In the cytoplasm one
recognizes profiles of well-developed smooth endoplasmic reticulum, but no
acid phosphatase-positive lysosomes and certainly no phagosomes. The cyto-
plasm pushes itself between the centrocytes and centroblasts as very fine interwo-
ven processes and forms a rootlike network with other dendritic reticulum
cells and with adjacent centroblasts. The cell projections of the dendritic reticu-
lum cells are often connected with each other by desmosomes. Konma and
Ima1293 also found desmosomal junctions with lymphoid cells. We could not
confirm this finding. Between the cell processes one sees electron-dense granular
material, which corresponds to the antigen-antibody complexes demonstrated
there. In later stages of germinal-center formation, fibrin and collagen fibrils
are also seen between the processes. The relationship of the cell membrane
to the adjacent collagenous fibers is, however, different from that of the fibro-
blastic reticulum cells in that no hemidesmosomal junctions are formed.

4. Interdigitating Reticulum Cell

Interdigitating reticulum cells are found only in T-cell regions. It is easiest
to study this type of reticulum cell in dermatopathic lymphadenitis. The nuclei
are polymorphic, often indented on one side or oddly “crumpled’ with several
folds and depressions (Fig. 30). The nucleoli are small and lie either at
the nuclear membrane or in the middle of the nucleus. The nuclear membrane
Is clearly defined. The rim of cytoplasm is broad and weak grayish blue with
Giemsa staining.

Cytochemistry. In contrast to histiocytic reticulum cells, interdigitating reticu-
lum cells contain almost no nonspecific esterase. The a-naphthyl acetate esterase
reaction reveals only a fine reddish sheen over the cytoplasm. The acid phospha-
tase reaction is also weakly positive, namely, in a circumscribed cytoplasmic
area at the site of nuclear indentations, probably in and near the Golgi zone.
On the other hand, interdigitating reticulum cells show a moderately strong
ATPase reaction (Fig. 31),2°* which is not found in histiocytic reticulum cells.
The alkaline phosphatase reaction is negative. The PAS reaction usually reveals
very fine granules. These granules can be demonstrated better by means of the
silver methenamine method on electron microscopy.??®

Ultrastructure. The nucleus is markedly lobed and indented (Fig. 32). The
chromatin is finely dispersed and condensed at the inner nuclear membrane.

2931973, 295 VELDMAN, 1970; KAISERLING and LENNERT,
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Fig. 30. Interdigitating reticulum cells (irc) in dermatopathic lymphadenitis. Note the irregular
nuclear contours and the clear cytoplasm. Semithin section, azure II methylene blue. x 480

There is usually a marginal nucleolus. The rim of cytoplasm contains numerous
short narrow vesicles and profiles of rough and smooth endoplasmic reticulum.
Near the nucleus one finds a medium-sized or large Golgi apparatus. In the
cytoplasm there are sometimes larger vesicles surrounded by a unit membrane.
The cell surface is especially characteristic. It has numerous processes that
are interwoven with neighboring interdigitating cells and lymphocytes, thus
forming a system of interdigitating cell projections and membrane invaginations.
The tubules and vesicles of endoplasmic reticulum are positive with silver methena-
mine staining. In the cytoplasm one also finds a moderate number of ribosomes,
free ribosomes, a few polyribosomes, and moderately abundant mitochondria.
Function. The exact function of interdigitating reticulum cells is still un-
known. They have been found in all peripheral lymphatic tissues in man.2°°
VEERMAN 2°7 presented some evidence that they are derived from monocytes.
Phagocytosis, however, is not a major function of interdigitating reticulum
cells. A few small electron-dense inclusions have been found in these cells only
in severe dermatopathic lymphadenitis. The sometimes large Golgi apparatus
may indicate morphologically that interdigitating reticulum cells have a secretory
function.
296 HEUSERMANN, STUTTE and MULLER-HERME-  MELINK, HEUSERMANN, KAISERLING and STUTTE,

LINK, 1974; KAISERLING and LENNERT, 1974; 1976.
MULLER-HERMELINK, 1974, 1975; MULLER-HER- 297 1974.
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Fig. 31. Demonstration of Mg* *-dependent ATPase activity in an interdigitating reticulum cell.
All of the broad surface projections reveal enzyme activity. x 15,000
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Fig. 32. Interdigitating reticulum cells in a human lymph node. Part of an epithelioid venule (epv) is

seen at the upper left margin. At upper right there is a histiocytic reticulum cell (4rc) that has a more

electron-dense cytoplasm than the interdigitating reticulum cells. The latter (central and lower

part of the picture) have irregular nuclear contours and a translucent cytoplasm that contains
characteristic tubulovesicular endoplasmic reticulum. x 7,500

It is tempting to presume that they build a microenvironment that is necessary
for the differentiation and proliferation of T-cells. This has also been stressed
by VELDMAN 28 and KAISERLING ef al. *%°

298 1970. 299 K AISERLING, STEIN and MULLER-HERMELINK,

1974.
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B. Sinus Endothelial Cells

Since the publication of Part A of this Handbook, there have been no
significant new light-microscopic findings on sinus endothelial cells. Progress in
the fields of cytochemistry and electron microscopy has also been modest.

Cytochemistry. The acid phosphatase reaction is weakly positive. The nonspe-
cific esterase reaction is strongly positive. The alkaline phosphatase reaction
is negative. Under the marginal sinus, however, there is weak alkaline phospha-
tase activity, which might be connected with the fibroblastic reticulum cells
found there. The PAS reaction is negative.

Ultrastructure. *°° The ultrastructure of the sinus wall is dealt with separately
owing to structural variations in different areas (marginal, intermediate, and
medullary) of the lymph node. Sinus endothelial cells, which have also been
called retothelial cells,*°° exhibit variations in fine structures depending on
their location.

1. Endothelial Cells of the Marginal Sinus

On the capsular side of the marginal sinus these cells have a relatively simple
structure. Their cytoplasm covers the connective tissue of the capsule, which
is limited by a typical basement membrane that consists of amorphous or finely
filamentous, moderately electron-dense material. The cells are united by desmo-
somes and are usually flat, except in the region of the nucleus. The nucleus
shows moderate electron opacity with widespread nucleoplasm. Sometimes
a small nucleolus and one or two nuclear dense bodies (Sphaeridien®°!)
are encountered. In the cytoplasm a finely vesicular smooth endoplasmic
reticulum is fairly well developed, and large numbers of pinocytotic vesicles
may gather at the cytoplasmic periphery. The mitochondria are small and ovoid
or long and rod-shaped. Scanty rough endoplasmic reticulum is observed only
if the lymph nodes take up and process increased amounts of material.

The cells on the inner side of the marginal sinus are attached to a structure
that corresponds to argyrophilic fibers as seen with the light microscope. It
is composed of collagenous fibers and amorphous or finely filamentous, moder-
ately electron-dense material. It is thought to be equivalent to the basement
membrane mentioned previously, but does not represent a real basement mem-
brane by itself. The nucleus of these cells is identical to the nucleus of the
cells on the capsular side, although the latter cells are somewhat flatter.
Intracytoplasmic organelles are fairly prominent. They consist of finely ve-
sicular or vacuolar smooth endoplasmic reticulum, rough endoplasmic reti-
culum, and some lysosomes. Occasionally, the tubules of rough endoplasmic
reticulum are found to have saccular distensions. The mitochondria are
small, round, or ovoid. Most of the sinus endothelial cells contain fine filamen-
tous elements in the cytoplasm arranged along the longitudinal axis. The cells
are also attached to neighboring cells by desmosomes.

300 Morr and LENNERT, 1969. 301 BTTNER and HORSTMANN, 1967.
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Histiocytic reticulum cells are regularly found beneath the marginal sinus.
They are referred to as submarginal macrophages. These cells probably represent
a first line of defense against exogenous material penetrating the lymphatic
tissue, as indicated by very early and active phagocytosis of subcutaneously
injected flaggellin, 3°2 carbon, *°? or bacteria such as L. monocytogenes.3%*

The intraluminal cells of the marginal sinus were previously referred to as
intrasinusoidal reticulum cells. We could not distinguish these cells, however,
from the retothelial cells bordering the sinus lumen. The difference is noteworthy
only as far as the relationship between cells and basement-membrane structures
i1s concerned. In contrast to the retothelium lining the wall of the sinus, the
intraluminal cells encase parts of the described basement membrane-like material
in infoldings of the cytoplasmic membrane. The distinction is made on the
basis of the fact that the cells are associated with the filamentous framework
in the lumen, whereas the retothelium of the sinus wall covers both the inner
and outer surfaces, only the latter representing a true basement membrane.

2. Endothelial Cells of the Intermediate and Medullary Sinuses

In contrast to the retothelium of the marginal sinus, intracytoplasmic or-
ganelles are most abundant in the cells of the medullary sinus. A large amount
of vesicular smooth endoplasmic reticulum and also fairly long channels of
rough endoplasmic reticulum are seen.

In the authors’ opinion, all sinus endothelial cells are of the same basic
type. Variations noted in fine structure appear to be related to the degree
of activity, which depends on the location of the cell in question.

Function. Sinus endothelial cells line the lymph vessels of the lymph node
and therefore first of all fulfill a true endothelial function. The sinus wall
is not continuous, however, so that the passage of substances and cells is always
possible. Endothelial cells show only slight ability to phagocytose. The formation
of basement membrane-like structures is very probable.

C. Mast Cells

One may argue whether mast cells belong to the stationary cells of the
lymph node. They can definitely leave the lymph node via lymph vessels. We
do not yet know whether this is an active, functionally significant process,
or whether the cells die in the blood. It is probable, however, that most mast
cells remain stationary in the lymphatic tissue.

There are two new important findings supplementing our earlier cytologic
description of mast cells in Part A of this Handbook:

302 Apa, NossaL and AUSTIN, 1964. 304 Racz, KAISERLING, TENNER and WUTHE,
303 NOPAJAROONSRI and SIMON, 1971. 1974.
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1. Mast cells can be demonstrated excellently in paraffin sections with the
chloroacetate-esterase method, *°® even when they are extremely immature, e.g.,
in highly anaplastic malignant mastocytosis (mast-cell reticulosis).

2. Homoplastic proliferation of mast cells is possible. We have found occa-
sional tetraploid nuclei. *°® Cytochemical, ultrastructural, and immunologic find-
ings indicate, however, that heteroplastic development from blood monocytes
or common precursors in the bone marrow is also possible.*®” One sees all
morphologic and cytochemical transitions between a small monocytoid form
[peroxidase (4 ), chloroacetate esterase (+)] and the large form with abundant
granules, a wide rim of cytoplasm, and a round nucleus (peroxidase —, chloro-
acetate esterase + +).

305 LEpER, 1964. TAG, MULLER-RUCHHOLTZ efal, 1971; Pawr-
396 QUEISSER, NOESKE, SANDRITTER and LEN- WARESCH, MULLER-HERMELINK, DESAGA, Za-
NERT, 1967. KARI et al., 1971 ; THIEDE, MULLER-HERMELINK,

397 DEsAGA, PARWARESCH and MULLER-HERME-  SONNTAG, MULLER-RUCHHOLTZ ef al., 1971.
LINK, 1971 ; MOLLER-HERMELINK, THIEDE, SONN-



Part Two

Methodologic Prerequisites for
a Differential Diagnosis of Lymphomas

K. LENNERT

Although the methods for studying lymph nodes have already been discussed
in detail in Part A of this Handbook, we would like now to consider the subject
again in greater detail. For, not only have our methods been subject to
improvement and further development, but the diagnosis of lymphomas requires
a few additional techniques that are unimportant for the study of lymphadenitis.

Since the diagnosis of lymphomas is based most of all on cytologic study, we
must use all methods that enable us to obtain maximum detail and optimal
reproducibility. In general, for routine diagnostic work only methods applicable
to light microscopy can be considered. Every laboratory should be able to apply
them, although some of them go beyond the “mass production” techniques of
daily work and are somewhat more time-consuming and more complicated. In
principle, however, even these methods can be applied in almost any laboratory.

Actually, factors influencing the diagnosis of lymphomas-begin as early as
the excision and depend on the surgeon’s skill. He must avoid squeezing the
tissue specimen with forceps or similar instruments.

Before fixation, the lymph node should be sectioned in half. It is then easy
to prepare imprints from the fresh surfaces. Imprints are very useful for
differentiation, in particular of immature-cell lymphomas and leukemias. They
also reveal some morphologic details better than sections do.

The lymph node can be fixed in formalin, diluted 1:9 or 1:4. One should
use buffered neutral formalin. Fixation in Zenker’s or Maximow’s solution
provides better cytologic results. The advantage of fixation in formalin, how-
ever, is that the material can be embedded later for electron microscopy. When
Bouin’s fixative is used, the sections must be hydrated for 2—5 hours before
being placed in Giemsa solution.'

One half of the lymph node is embedded in paraffin or, even better, in
Paraplast®. In our laboratory, an Ultratechnicon® is the machine used for the
embedding process, with the following solutions and times, as worked out
and recommended by our technician, W. GLUCK :

! GERARD-MARCHANT, 1975, personal communication.
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Solution Time (in hours)

50% alcohol 1
60% alcohol 1
70% alcohol 1
80% alcohol 1
96% alcohol 2
. 100% alcohol 1
. 100% alcohol 2
2
1
1
1
2

IRV RPN SN

. Methyl benzoate

. Methyl benzoate

. Benzol

. Paraffin or Paraplast®
. Paraffin or Paraplast®

—_
[==JNe]

2

—_—
N —

(—6)

Proper embedding in paraffin is an essential prerequisite for the subsequent
cytologic analysis of the slides. If the embedding is only moderately good or
poor, then even the greatest skill in staining will be of no help in correcting
the damage caused by inadequate embedding.

In recent years, embedding in synthetics has been recommended. We have
convinced ourselves time and again just how excellent the sections of such
material are. The slides are a delight for the eye, but certainly not necessary
for a histologic diagnosis. We even venture to doubt whether they are really
better for histologic study. In any event, we find it easier to make diagnoses
with paraffin sections that are 2—3 pm thick, with their recurrent artifacts,
than with methacrylate sections only 0.5 —1 um thick. Because they are so thin,
the latter also provide less information per cell. Thus, the evaluation of such
a slide requires considerably more time than that of a paraffin section. In
our opinion, embedding in synthetics is therefore not worth the trouble, unless
the slides are intended for special scientific purposes.

The second half of the lymph node is left unfixed and kept for possible
histochemical analysis, in particular enzyme histochemical reactions (acid and
alkaline phosphatase, nonspecific esterase, ATPase, and S5-nucleotidase) and
the PAS reaction. This measure is also a valuable safeguard against accidents
during embedding of the first half.

The paraffin sections should not be cut thicker than 3—4 um, which is
readily attained if the embedding has been performed properly. Drying of the
sections at too high temperatures must be avoided to prevent certain particularly
sensitive tissues (chronic lymphocytic leukemia, centroblastic/centrocytic lym-
phoma, lymphoblastic lymphoma) from developing cracks.

For the diagnosis of lymphomas we always use four standard staining meth-
ods: (1) Giemsa stain, (2) hematoxylin and eosin, (3) PAS reaction according
to Hotchkiss, and (4) silver impregnation according to Gomori. We include
the naphthol-AS-D-chloroacetate esterase reaction when necessary.

To supplement or replace the Giemsa stain, some investigators? have for
many decades employed the methyl-green pyronine (MGP) stain to demonstrate

2 E.g., Guon and RoMman, 1916.
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Table 3. Histologic and cytologic methods for diagnosing lymph nodes

Method Results Indications

I. Obligatory histologic methods for paraffin sections

1. Giemsa staining RNA, DNA: blue Cytologic analysis of
Acidophilic substances: all lymphomas
eosin red Comparison with imprints
Acid mucopolysaccharides: and blood smears
red-violet

2. Hematoxylin and eosin Nuclei: blue Poor fixation and embedding
Cytoplasm: reddish to Autopsy material
““amphophilic ™ Nuclear structure

(epithelioid cells, etc.)

3. PAS reaction
a) diastase-sensitive Glycogen: diffuse Metastases of seminoma,

hypernephroma, squamous
epithelial carcinoma,
juvenile rhabdomyosarcoma,
Ewing’s sarcoma

Glycogen: granular Very rare in lymphoblastic
lymphoma (well preserved
in cryostat sections)

b) diastase-resistant Immunoglobulin: Ig-producing lymphomas
globular (LP immunocytoma, immuno-
intracytoplasmic blastic sarcoma, etc.)
intranuclear
diffuse
Proteoglycan Mast cells and mast-cell
neoplasms

Metastases of adenocarcinoma

4. Silver staining “Reticulin™ fibers: black Architecture
“Collagenous™ fibers: brown  Differentiation of diffuse
— abundance and arrangement and nodular/follicular
of fibers, basic structure growth
of lymph node or tumor Differentiation of
lymphomas and metastases

I1. Optional histologic methods for paraffin sections

5. Chloroacetate esterase Promyelocytes and Myeloid leukemia, myelosarco-
neutrophilic myelopoietic ma, monocytic leukemia, ex-
cells: + tramedullary hematopoiesis
Mast cells: + Normal and neoplastic

mast cells
6. Methyl-green pyronine RNA: red Degree of cytoplasmic

basophilia (1 in plasma
cells, immunoblasts,
centroblasts, etc.)
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Table 3 (continued)

Method

Results

Indications

7

8

. Ladewig’s modification

of Mallory staining

. Goldner's modification

of Masson trichrome
staining

Collagen, IgM, amyloid:

gray-blue to blue
Fibrin, IgG, IgA:
orange-red to red
Collagen, IgM: green
Fibrin, 1gG, IgA:
orange-red

Ig-producing (PAS +)
lymphomas

Ig-producing (PAS +)
lymphomas

9. van Gieson Collagen: red Amyloid suspected
Amyloid, Ig, fibrin:
yellow
Hyalin: yellow or red
10. Congo red Amyloid under polari- Amyloid suspected
zation : greenish shine
11. Prussian blue reaction Hemosiderin: + Melanoma suspected
Melanin: —
III. Obligatory methods for imprints
1. Pappenheim or Giemsa Finest nuclear and All lymphomas
staining cytoplasmic details
(granules, degree of
basophilia)
2. PAS reaction Nucleoli especially well
demonstrated
a) diastase-sensitive Glycogen Lymphoblastic lymphomas
b) diastase-resistant Immunoglobulin Ig-producing lymphomas
globular
diffuse
3. Acid phosphatase
a) tartrate-sensitive Diffusely granular to Lymphomas of the plasma-
clumpy + cell series
Diffusely granular to Monocytes, reticulum cells
clumpy + +
Paranuclear, solitary Lymphoblastic lymphoma of
“blotches” convoluted-cell (acid phos-
phatase) type
b) tartrate-resistant Granular Hairy-cell leukemia
4. a-Naphthyl acetate Monocytes: diffuse + Monocytic leukemia
esterase (neutral) Histiocytic reticulum True (histiocytic)
cells: diffuse + + + reticulosarcoma
IV. Optional methods for imprints
S. Chloroacetate esterase As in sections As in sections

6. Peroxidase

Neutrophilic, eosinophilic,

and basophilic myelo-
poietic cells: +
Monocytes: (+)

More sensitive than
chloroacetate esterase

All myeloid neoplasms
including monocytic
leukemia
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the cytoplasmic basophilia in bright red. It is actually a highly valuable stain,
but it does not allow comparison with imprints. MGP staining is good for
demonstrating RNA content. Thus, it reveals only basophilic components of a
cell and not eosinophilic or metachromatic structures.

In addition, the following staining methods should be available on a routine
basis when needed: van Gieson, Congo red, Ladewig’s modification of the
Mallory stain, Goldner’s modification of the Masson trichrome stain, and the
Prussian blue reaction.

On imprints we carry out the following stains or reactions: Pappenheim
or Giemsa stain, PAS reaction with or without pretreatment with diastase,
acid phosphatase reaction with or without pretreatment with tartrate, acid or
neutral a-naphthyl acetate esterase reaction, naphthol-AS-D-chloroacetate ester-
ase reaction, and the peroxidase reaction. We always employ the first four
methods, the last two only when needed.

The directions for carrying out the most important stainings and reactions
are given in the Appendix. Table 3 summarizes what they demonstrate (results)
and when they should be used (indications).

In the vast majority of cases the methods listed for studies with the light
microscope suffice for making precise diagnoses of lymphomas. In a small
percentage of cases, however, electron-microscopic studies are helpful or even
indispensable. In particular, the demonstration of rough endoplasmic reticulum
on clectron microscopy has proved of great value in interpreting tumors that
produce immunoglobulin (see Part Five).

In addition to the morphologic techniques mentioned, and depending on
the circumstances, we also utilize immunologic methods (rosette techniques, de-
termination of surface immunoglobulin, demonstration of immunoglobulin in
tissue homogenates, etc.). This subject is discussed in detail in Part Six.

Appendix .

Some Stainings and
Cytochemical Reactions Used in Our Laboratories

Giemsa staining (modification of LENNERT, 1952a, 1961 )

1. The deparaffinized sections are removed from distilled water and put
into the following solution:

80 ml distilled water
20 ml Giemsa solution (Merck, Darmstadt, Fed. Rep. Germany).

They remain in the solution for 1 hour.
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2. The sections are removed from the Giemsa solution and put into 100 ml
distilled water, to which 3 —4 drops of undiluted glacial acetic acid have
been added. The sections are agitated lightly in this solution for a few
seconds, slightly differentiated (2—3 sec), and then immediately put into:

3. 96% alcohol, in which they are differentiated further until the desired
staining is reached (microscopic control).

4.5.6. Differentiation is stopped and, at the same time, dehydration is achieved
by dipping 3 times in isopropanol for 2 min each, and

7.8.9. three times in xylene for 2 min each.

Results:

RNA, DNA: blue (“basophilic™).
Acidophilic substances: orange-red.
Acid mucopolysaccharides: red-violet.

Modification of the Mallory- Heidenhain technique according to LADEWIG (1938),
but slightly changed

—_

Nuclear staining with Weigert’s hematoxylin for approx. 10 min.

5% phosphotungstic acid for 1—3 min (connective tissue turns light red
to pink).

Quick rinsing in distilled water.

Aniline blue —acid fuchsin - gold orange solution for 4 min.

Quick rinsing in distilled water.

96% alcohol for 1 min (agitate the slides a little).

Absolute alcohol.

Xylene.

o

PN ;AW

Results: Nuclet are dark brown ; connective tissue is blue, blue-violet, red-violet,
or carmine (vivid) red (depending on nature and structure of the tissue);
erythrocytes are light orange; fibrin is bright scarlet red; mucus and secre-
tions are blue; amyloid is light vitreous blue. ’

Staining solution:

Combine, boil, cool, and filter:
0.5 g water-soluble aniline blue
2 g gold orange
1 g acid fuchsin
100 ml distilled water

Add:
8 ml glacial acetic acid.
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13.
14.
15.
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Modification of Masson’s trichrome stain according
to GOLDNER (938)

. Deparaffin.

. Remove from 50% alcohol after 2 min.

. Nuclear staining with Weigert’s hematoxylin for 5—10 min.

. Differentiation in 1% HCl/alcohol.

. Rinse in distilled water.

. Rinse for 10 min under running water, then put into distilled water.

. Stain in acid fuchsin Ponceau for 10 min.

. Rinse twice in 1% acetic acid.

. Differentiation with phosphomolybdic acid orange G (decoloration of the

connective tissue). Observe under the microscope after at most 5 min.
Rinse quickly in 1% acetic acid twice.

Differential staining of the connective tissue with 0.1% light green for 5 min.
Wash in 1% acetic acid for 5 min.

96% alcohol twice.

100% alcohol three times.

Xylene.

Results: Nuclei: brown-black; cytoplasm: brick red; erythrocytes: orange-yel-

low; connective tissue and mucus: green.

The staining is particularly successful after Bouin and Susa fixation, but
it is also applicable after formalin or Carnoy fixation.

Staining solutions :

1.

Acid fuchsin Ponceau: 3. Light green:

0.2 g Ponceau de xylidine 2 g light green

0.1 g acid fuchsin 100 ml distilled water
300 ml distilled water 0.2 ml acetic acid

0.6 ml glacial acetic acid

Mordant:

4 g phosphomolybdic acid
100 ml distilled water

2 g orange G

Acid phosphatase
(GOLDBERG and BARKA, 1962; LEDER, 1967a; LEDER and STUTTE, 1975)

Fixation: none.

Stock solution A (**hexazonium pararosaniline” according to

DAvVIS and ORNSTEIN, [1959):
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Mix well:

6 drops of 4% solution of pararosaniline and
6 drops of 4% solution of sodium nitrite.

After about 60 sec dilute with

30 ml veronal-acetate buffer, pH 7.62
(if the mixture turns red, then pararosaniline was not sufficiently
“hexazotized”).

Adjust pH of the mixture to 5.0 —5.1 with 2N HCL

Stock solution B:

Dissolve 10 mg naphthol-AS-BI phosphate (Sigma, Munich,
Fed. Rep. of Germany) in
1 ml dimethyl formamide or 2 ml dimethyl sulfoxide.

Stir solution A into solution B, mixing well, and then filter.
Incubation for 4(—10) hours. Then rinse the slides in tap water.

Nuclear staining with hemalum (Merck, Darmstadt, Fed. Rep. of Germany)
for 10 min. Then blue in tap water.

Mount with glycerin-gelatin.

Result: red reaction indicates enzyme activity.

Tartrate-resistant acid phosphatase
(Yam, L1 and Lam, 1971 ; LEDER and STUTTE, 1975)

Fixation: none.
Stock solution A:

Mix well:

6 drops of 4% solution of pararosaniline and
6 drops of 4% solution of sodium nitrite.

After about 60 sec dilute with
30 ml veronal-acetate buffer, pH 7.62.

Add 225 mg tartaric acid and mix well.
Adjust pH of the mixture to 5.0—5.1 with 1~¥ NaOH.
Stock solution B:

Dissolve 10 mg naphthol-AS-BI phosphate (Sigma, Munich,
Fed. Rep. of Germany) in
| ml dimethyl formamide or 2 ml dimethyl sulfoxide.

Stir solution A into solution B, mixing well, and then filter.
Rest of the procedure as for acid phosphatase.

Result: Tartrate-resistant acid phosphatase (e.g., in cells of hairy-cell leukemia)
is represented by a bright red reaction.
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Naphthol-AS-D-chloroacetate esterase
(LEDER, 1964 ; LEDER and STUTTE, 1975)
Fixation:

1. Smears:

30 sec in a mixture of absolute methanol and 4% formalin (9:1 vol/vol)
at 4° C, rinse in tap water, and air-dry.

2. Sections:

Thoroughly deparaffinized sections of formalin- or Maximow-fixed tissue
embedded in paraffin in the usual manner.

Stock solution A (““hexazonium pararosaniline” according to
DAvis and ORNSTEIN, 1959):

Mix well:

1 drop of 4% solution of pararosaniline and
I drop of 4% solution of sodium nitrite.

After about 60 sec dilute with:

30 ml veronal-acetate buffer, pH 7.62
(if the mixture turns red, then pararosaniline was not sufficiently *hexa-
zotized ).

Adjust pH of the mixture to 6.3 with 2§ HCI.

Stock solution B:

Dissolve 10 mg naphthol-AS-D chloroacetate (Sigma, Munich,
Fed. Rep. of Germany) in
1 ml dimethyl formamide.

Stir solution A into solution B, mixing well, and then filter.

Incubate for 30 min or 2 x 30 min, agitating constantly. Then rinse the slides
in tap water.

Nuclear staining with hemalum (Merck, Darmstadt, Fed. Rep. of Germany)
for 10 min. Then blue in tap water.

Mount with glycerin-gelatin.

Result: enzyme activity is represented by a bright red reaction.

Nonspecific esterase (u-naphthyl acetate esterase)

a) Neutral nonspecific esterase (method of LEDER, 1967a) 3

Material: fresh cryostat sections or air-dried smears.

Fixation: none.

* The amounts and times given in parentheses are for structures with high enzyme activity and
for sections. The others are for structures with low activity and for imprints.
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Stock solution A:

Mix well:
1 (4) drops of 4% solution of pararosaniline and
1 (4) drops of 4% solution of sodium nitrite.

After about 60 sec dilute with:

25 (40) ml phosphate buffer, pH 7.5 (7.0)

(if the mixture turns red, then pararosaniline was not sufficiently ““hexa-
zotized”).

Stock solution B:
Dissolve 10 mg a-naphthyl acetate in 0.8 ml acetone.

Stir solution A into solution B, mixing well, and filter.

Incubate for 30 (5—30) min. Then rinse the slides well, since a flaky precipitate
forms quickly in the solution.

Nuclear staining with hemalum (Merck, Darmstadt, Fed. Rep. of Germany)
for 10 min. Then blue in tap water.

Mount with glycerin-gelatin.

Results: enzyme activity is represented by a red-brown reaction. Monocytes are

diffusely positive. Histiocytic reticulum cells also show a diffuse, but stronger
reaction.

b) Acid nonspecific esterase (method of MUELLER et al., 1975)

Material: air-dried smears or imprints.

Fixation:
4 min in buffered (0.1 M Na-cacodylate, pH 7.2) 4% formalin.
Dry at room temperature.

Solution A:
Dissolve 2 g pararosaniline, acridine-free, C.I. No. 42500 (Chroma, Stuttgart-
Untertiirkheim, Fed. Rep. of Germany), in 50 ml 2N HCL. Mix thoroughly.
This solution can be stored in the dark at 4° C.

Solution B:
Freshly prepared 4% aqueous solution of Na-nitrite.

Mix equal parts (1.2 ml each) of solutions A and B until the color of the
mixture becomes amber.

Dissolve substrate (10 mg a-naphthyl acetate; Sigma, St. Louis, Missouri, USA)
in 0.4 ml acetone in a second vessel.

Add the mixture of hexazotized pararosaniline and buffer to substrate. Adjust
to pH 5.8 with 2N NaOH.

Incubation for 2 hours at room temperature.

Counterstain with hemalum.

Results: enzyme activity is represented by a red-brown reaction. T-lymphocytes

show localized coarse paranuclear activity. Monocytes and histiocytic reticulum

cells show diffuse activity.



Part Three

Classification of Non-Hodgkin’s
Lymphomas

K. LENNERT

I. Historical Review of the Classifications
of Lymphomas

Since ROSENBERG ef al.! and KAPLAN? have already presented comprehensive
reviews of the history of malignant lymphoma (M.L.), we may forego repeating
them in detail. A few especially important milestones, however, should be
pointed out.

1832 HODGKIN: identified malignant tumors of lymph nodes; among these
were the entity that we now refer to as Hodgkin’s disease
as well as some “‘non-Hodgkin’s lymphomas.”

1845 VIRCHOW: conceived of and clearly defined leukemia.
1863 VIRCHOW: defined the concepts of lymphosarcoma and lymphoma.
1865 COHNHEIM: proposed ‘‘pseudoleukemia” in place of VIRCHOW’S

aleukemic leukemia.
1892 DRESCHFELD: separated lymphosarcoma from pseudoleukemia.
1893 KUNDRAT distinguished lymphosarcoma from pseudoleukemia and
1897 PALTAUF } Hodgkin’s disease (granuloma malignum).
1898 STERNBERG } histologically defined Hodgkin’s disease, emphasizing
1902 REED thereby the characteristic giant cells.
1925 BRILL et al. } described tumors of germinal centers, later called follicular
1927 D. SYMMERS lymphoblastoma (Brill-Symmers disease).
1930 ROULET: distinguished reticulum-cell sarcoma (‘‘retothelsarcoma ™)
from lymphosarcoma.

1960 O’CoNoRr
and DAVIES
The last chapter in the story of Hodgkin’s lymphoma ended for the time
being at the Rye Conference. That was only true, however, for the pragmatic

1958 BURKITT
} described African lymphoma (Burkitt’s tumor).

! ROSENBERG, DIAMOND, JASLOWITZ and CRAVER, 2 1972.
1961.
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activities of clinicians and pathologists. In our opinion, the leveling process
of the Rye Conference contrived to obscure or cover up important scientific
problems that remain to be solved. Nonetheless, for those treating patients
with Hodgkin’s disease, the Rye Conference represented a good end to a mul-
ticentric development and a notable start for joint clinicotherapeutic efforts.

A conference like the one at Rye for discussing non-Hodgkin’s lymphomas
has yet to be held, although attempts have been made since 1973 to arrange
one. Therefore, the present state of the various efforts to establish a uniform
classification will be presented here.

Until recently, there were essentially two different concepts for classifying
non-Hodgkin’s lymphoma. Both were presented in 1966 at the first International
Symposium on Lymphology in Zurich—the ““American concept” by Lukes®
and the “European concept”” by the author.* The fundamental studies of RAPPA-
PORT® served as the chief basis for the American concept, whereas the so-called
European concept, as it was presented at the time, rested on the fundamental
investigations of RoBB-SMITH® and on the more cytologically oriented observa-
tions of the author.” We realize that it is an oversimplification and a pre-
sumptuous act to speak of the American and European concepts and to mention
only four names (RAPPAPORT, LUKES, ROBB-SMITH, and the author). We of
course have no right to simply pass over other European concepts and not
take them seriously. The comparison of the “American” and “European”
concepts, which was initiated by the leaders of the symposium in Zurich, does,
however, underline the difference between two fundamentally different view-
points.

The two principal differences distinguishing the American and European
concepts were as follows:

1. RAPPAPORT maintained that all cytologic types of malignant lymphomas
can be either nodular or diffuse, whereas we distinguished follicular lymphoma
as a cytologically defined entity from lymphocytic and reticular neoplasms.

2. RoBB-SMITH and the author agreed that two degrees of malignancy of
lymphomas could be distinguished —‘“irreversible progressive hyperplasias”
(previously referred to as ““reticuloses” by RoBB-SMITH) and ““sarcomas.”” RAPPA-
PORT did not distinguish corresponding main groups of lymphomas.

RAPPAPORT’s classification (Table 4) was adopted by more and more investi-
gators in the USA® and outside America. The author, on the other hand,
held to his concept, which was based on increasingly refined cytologic studies,
later amplified by electron-microscopic techniques® and other methods. The
classification that resulted from these studies is given in the first column of
the table below (Table 5).

In 1970, we (LENNERT, STEIN and KAISERLING) began a new approach to
the classification of lymphomas. We attempted to apply recent results of lympho-
cyte research to the study of lymphomas and to distinguish between malignant

3 1967. 7 LENNERT, 1964a, 1967.

4 LENNERT, 1967. 8 LuKEs, 1964, 1967; BERARD, 1972, 1975; BER-
5 RAPPAPORT, WINTER and HICKS, 1956; Rappa- ARD and DORFMAN, 1974; DORFMAN, 1975.
PORT, 1964a, b, 1966. 9 Mor1 and LENNERT, 1969.

© 1938, 1947, 1964.
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Table 4. Classification of non-Hodgkin’s lymphomas
(RAPPAPORT, 1966)

Nodular Diffuse

Lymphocytic, well differentiated
Lymphocytic, poorly differentiated
Mixed (lymphocytic-histiocytic)
Histiocytic
Undifferentiated

lymphomas derived from the B- and T-lymphocyte series. At first we tried
analyzing the immunoglobulins (Ig) in tumor homogenates and soon after uti-
lized numerous other methods (immunoperoxidase technique for demonstrating
Ig on cell surfaces and various techniques for demonstrating rosette formation
on light and electron microscopy). These investigations were combined with
cytochemical analyses of imprints, electron-microscopic studies of each tumor,
and examinations of peripheral blood smears.

In 1971, at a meeting in Nagoya, Japan, we reported that we had studied
four “‘reticulosarcomas,” all of which showed high concentrations of IgM in
the tumor homogenate. Consequently, we proposed that at least most cases of
reticulosarcoma are actually immunoblastic sarcomas, a suggestion we had
already made in 1967'° on the basis of our electron-microscopic studies of a
tumor that revealed a large amount of rough endoplasmic reticulum.

We presented our first large series of B-cell lymphomas at a symposium
on leukemia in Vienna in March, 1972.'! That presentation stimulated a number
of clinicians (particularly STACHER), who are now members of the Kiel Lym-
phoma Study Group, to collaborate with us in a larger lymphoma program.
Results of this cooperation have been presented on several occasions.!?

In essence, the results were as follows:

1. Most so-called reticulosarcomas are actually immunoblastic sarcomas of
the B-cell type.

2. The histologic picture regarded until now as being so characteristic of
macroglobulinemia of Waldenstrom occurs twice as often without macroglobu-
linemia, although homogenates of the lymphomatous tissue usually contain
increased amounts of [gM. Moreover, the condition may develop with an increase
in the levels of IgG or IgA in the serum or neoplastic tissue. Since the morpho-
logic substrate consists of lymphocytes and plasmacytoid cells, as has been
known for macroglobulinemia of Waldenstrom for a long time, we suggested
naming it lymphoplasmacytoid immunocytoma. In addition, we recommended
that the term macroglobulinemia of Waldenstrom be abandoned, above all
because other malignant lymphomas, for example, immunoblastic lymphoma,
can produce a monoclonal increase in IgM in the blood.

10 LENNERT, 1967. KAISERLING, 1974 ; LENNERT, STEIN and K AISER-
11 1 ENNERT, 1973¢; STEIN, K AISERLING and LEN- LING, 1975; LENNERT, 1975; BRITTINGER, BAR-
NERT, 1973. TELS, BREMER, DUHMKE et al., 1976 ; KAISERLING,
12 STEIN, LENNERT and PARWARESCH, 1972 ; LEN- 1976; LENNERT, 1976; STACHER, WALDNER and

NERT, 1973b, 1973c¢; LENNERT, STEIN and THEML, 1976 ; STEIN, 1976.
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3. We distinguished two main types of germinal-center tumors. The first
type was composed only of polymorphic germinocytes; it was first called germi-
nocytic sarcoma or germinocytoma. The second type was composed of germino-
cytes and germinoblasts and was referred to as germinoblastoma (follicular
lymphoma).

4. Most of the lymphomas we have studied belonged to the B-cell system.
Only lymphoblastic sarcoma and lymphoblastic leukemia of the acid phospha-
tase type proved in many cases to be free of immunoglobulins and to form
sheep-E rosettes. Thus, we classed them in the T-cell system. '3

During approximately the same period of time, LUukEs and COLLINS were
studying non-Hodgkin’s lymphomas by means of a simple objective method. With
the aid of a camera lucida they sketched the nuclei of the tumor cells and found
that most of the non-Hodgkin’s lymphomas seemed to arise from germinal
centers. The cell we called a germinocyte they named a cleaved follicular-center
cell, and our germinoblast for them was a noncleaved follicular-center cell.'#

From the results of their studies they proposed a new classification, which
they presented for discussion at a lymphoma meeting in Freiburg in September,
1972. Their ideas for a new classification !* agreed well with ours. Accordingly,
Lukss introduced the following table (Table 6) at the CRC Symposium on
Non-Hodgkin’s Lymphomata in London in October, 1973.1° At the same sym-
posium, BUTLER et al.'®* presented the initial results of studies using the classifi-
cation of Lukes and CoLLINS. Following the symposium, Ross-Smitu!” pub-
lished a Letter to the Editor in Lancet in which he solicited support for utilizing
the latest information about B- and T-cell regions for the classification of lym-
phomas. A subsequent editorial in the same journal'® recommended, as LUKES,
Koima, and the author had already done, that a distinction be made between
tumors arising from follicular centers and those that do not. In addition, GERr-
ARD-MARCHANT !° published two papers in which he warmly supported the
concepts presented by LUKES and by the author.

The situation soon became embarrassing, however, after BERARD and SELIG-
MANN dismissed the classifications suggested by LUKES and the author at the
meeting in London as ““premature.” Consequently, at the end of the symposium,
a group of European pathologists (BENNETT, GERARD-MARCHANT, HAMLIN,
RILKE, STANSFELD, VAN UNNIK, and the author) were asked to get together
to work out a useful classification and terminology. That led to the formation
of the European Lymphoma Club. As a first step, they studied under the
expert guidance of LUKES the classification of lymphomas that he and COLLINS
had recommended. In May, 1974, the Club met for the second time in Kiel
and discussed the classification proposed by the author and his co-workers (STEIN
and KAISERLING), using model cases as examples. The members of the Club
approved this classification and agreed on a provisional terminology, which was

13 LENNERT, 1975. 162 ByTLER, STRYKER and SHULLENBERGER,
14 Lukes and CoLLiNs, Nagoya, 1971, published 1975.

1973. 17 RoBB-SMITH, 1974,

15 1 ukes and COLLINS, 1974a, b. 18 June 1, 1974.

16 See HANSEN and Goop, 1974, 191974a, b.
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Table 6. Comparison of the classifications of LENNERT er al. and LukEs and CoLvins, presented in
London, October, 1973

LENNERT et al.

Lukes and COLLINS

1. Undefined (not B or T)

11. B-Cell ( Lymphocytic) Types

1. CLL
2. Immunocytoma, lymphoplasmacytoid
3. Germinal center cell tumors
a) Germinocytoma (gc)
diffuse
b) Germinoblastoma (gc + gbl)
follicular, follicular and diffuse,
diffuse, sclerotic
¢) Germinoblastic sarcoma (gbl)
usually diffuse
? Paraleukoblastic (lymphoblastic B)
sarcoma incl. Burkitt's

4. Immunoblastic sarcoma, B-cell type

1. Small lymphocytic type (CLL)
2. Plasmacytoid lymphocytic
3. Follicle center cell (FCC) tumors
follicular, follicular and diffuse, diffuse,
sclerotic
«~——— a) cleaved FCC
1. small
2. small and large

«—— b) noncleaved FCC
1. small (Burkitt’s)
2. large
4. Immunoblastic sarcoma, B-cell type

111. T-Cell ( Lymphocytic) Types

. Mycosis fungoides (including Sézary
syndrome)

2. ? Lymphoblastic sarcoma, T-cell type

3. ? Immunoblastic sarcoma, T-cell type

1. Mycosis fungoides (including Sézary
syndrome)
2. Convoluted lymphocyte

3. ? Immunoblastic sarcoma, T-cell type

1V. Reticulo-histiocytic

Reticulosarcoma

Histiocytic

V. Unclassified

accepted as final at a meeting in Amsterdam on July 7, 1974. It was published
as a Letter to the Editor in Lancer2° and called the Kiel Classification (Table 7).

Shortly before the Kiel Classification appeared in print, however, DORFMAN 2!
presented in the same journal a “working classification,” which was a compro-
mise between the classification of RAPPAPORT and those suggested by LUKES
and the author (Table 8). The issue of Lancet with the letter of GERARD-MAR-
CHANT et al.2® also contained the classification of BENNETT et al.?? (Table 9).
Again, their proposal represented a compromise of various classifications. Like
DorrMAN's classification, it included follicular lymphoma as an entity, a concept
we had advocated since 1964.23

Subsequently, further Letters to the Editor have appeared in Lancet. Written
22 BENNETT, FARRER-BROWN, HENRY and JEL-

LIFFE, 1974.
23 LENNERT, 1964a, 1969a, c, 1971, 1973a.

20 GERARD-MARCHANT, HAMLIN,
RILKE et al., 1974.

21 1974a.

LENNERT,
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Table 7. Kiel Classification of non-Hodgkin’s lymphomas, compared with RAPPAPORT’s classification
(roughly corresponding to GERARD-MARCHANT et al., 1974)

Kiel Classification Rappaport equivalent

Low-grade malignancy
M.L. lymphocytic (CLL and others) M.L. well differentiated lymphocytic, diffuse

M.L. lymphocytic type with dysproteinemia

M.L. lymphoplasmacytoid (immunocytic . . . . .
ymphop ytoid ( ytic) {Lymphoprohferatlve diseases with dysproteinemia

) ML well differentiated nodular
M.L. centrocytic "7 | poorly lymphocytic diffuse
M.L. centroblastic/centrocytic? well and poorly differentiated
follicular ML lymphocytic; mixed-cell {nodular }
follicular and diffuse "] histiocytic-lymphocytic; diffuse
diffuse histiocytic

High-grade malignancy
{M.L. histiocytic, nodular or diffuse

M.L. centroblastic M.L. undifferentiated, nodular or diffuse

M.L. lymphoblastic {M.L. undifferentiated
Burkitt type M.L. poorly differentiated lymphocytic, diffuse
Convoluted-cell type
Others

M.L.immunoblastic M.L. histiocytic, diffuse

* With or without sclerosis

with or without humor, they have reflected all too well the degree of confusion
and feeling of helplessness that now permeate the field of lymphoma research.?*

At about the same time, DiEBOLD 2 in Paris recommended a nomenclature
that differed again from all other suggestions (Table 10). It also clearly showed
that a return to former concepts had become impossible. Further classifications
were given by HAMILTON-FAIRLY and FREEMAN,?® BEARD,?%* and SCHNITZER.??

These presentations appeared at the time when KApLAN’s group at Stanford
had published several comprehensive papers on non-Hodgkin’s lymphoma, bas-
ing them on a very large amount of clinically well-studied material.>® Other
large clinicopathologic studies followed.?® All of these investigations were still
morphologically based on RAPPAPORT’s classification. The Stanford group re-
peatedly stressed how clinically useful this classification proved to be. They
emphasized especially that differentiating the nodular forms of malignant lym-
phoma from the diffuse forms revealed that the nodular forms had a significantly

24 KAy, 1974; BRADFIELD, 1974; DORFMAN, STEIN, KiM, DONALDSON, DORFMAN et al., 1974;
1974b; KaTaAYAMA and PECHET, 1974. Kim and DORFMAN, 1974; SOUTHARD, BROOKS,
25 1974a, b. NickLAS and HOCH, 1974 ; ROSENBERG, DORFMAN
26 1974, and KAPLAN, 1975.

262 1975, 29 BLooMFIELD, GOLDMAN, DICK, BRUNNING
27 1975. et al., 1974; PATCHEFSKY, BRODOVSKY, MEN-

28 JonEs, FUKS, BULL, KADIN et al., 1973; GLAT-  DUKE, SOUTHARD et al., 1974.



Historical Review of the Classifications of Lymphomas 91

Table 8. Working classification of non-Hodgkin’s lymphomas of DORFMAN, 1974a

Follicular lymphomas*® Diffuse lymphomas®
(follicular or follicular and diffuse)

Small lymphoid Small lymphocytic (S.L.) (C.L.L.)
S.L. with plasmacytoid differentiation

Mixed small and large lymphoid Atypical small lymphocytic
Convoluted lymphocytic (thymic)

Large lymphoid Large lymphoid (pyroninophilic)
Mixed small and large lymphoid
Histiocytic
Burkitt’s lymphoma
Mycosis fungoides
Undefined

a

Composite lymphomas, comprising two well-defined and apparently different types of lymphoma
within the same tissue and lymphomas associated with sclerosis, are suitably designated.

Table 9. Lymphoma classification of BENNETT et al., 1974

Follicular lymphomas
Follicle cell predominantly small
Follicle cell mixed small and large

Follicle cell predominantly large Grade 1
Diffuse lymphomas

Lymphocytic well differentiated (small round lymphocyte)
Lymphocytic intermediate differentiation (small follicle cell)

Lymphocytic poorly differentiated

Mixed small lymphoid and undifferentiated large cell
Undifferentiated large cell

Plasma cell

True histiocyte

Unclassified

Grade 2

Plasmacytoid differentiation in lymphocytic tumors, and banded or fine sclerosis are recorded.

Table 10. Classification of lymphoid non-Hodgkin’s hematosarcomas (translated from DIEBOLD,
1974a)

Lymphosarcoma with atypical nuclei (small lymphocytes with distorted nuclei)
Pleomorphic lymphocytosarcoma (association of lymphocytes and lymphoblasts)
Lymphoblastosarcoma

Pleomorphic lymphoblastosarcoma (lymphoblasts and immunoblasts)
Immunoblastosarcoma with atypical nuclei

Immunoblastosarcoma with plasmacytic differentiation

Plasmacytic sarcoma

Histiocytosarcoma (corresponding to some of the former reticulosarcomas)

A o

better prognosis. That did not surprise us. On the contrary, from our studies
we had expected the clinical behavior of follicular lymphoma, which we regarded
as a definite entity, to be quite different from that of many diffuse lymphomas,
although the latter would show great variability depending on the cell type.
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Table 11. Somewhat modified Kiel Classification as used in this book. The subclassification of
lymphocytic lymphoma and the adjuncts “B” and “ T are not sanctioned by the members of the
European Lymphoma Club

I Low-grade malignancy

M.L. lymphocytic
B-CLL
T-CLL
Hairy-cell leukemia (?)
Mycosis fungoides and Sézary’s syndrome
T-zone lymphoma

M. L. lymphoplasmacytic/lymphoplasmacytoid (LP immunocytoma)
M.L. plasmacytic (plasmacytoma?)
M_L. centrocytic

M. L. centroblastic/centrocytic
follicular
follicular and diffuse
diffuse

with or without sclerosis

I1. High-grade malignancy

M. L. centroblastic
primary
secondary

M. L. lymphoblastic
B-lymphoblastic, Burkitt type and others
T-lymphoblastic, convoluted-cell type and others
Unclassified

M. L.immunoblastic
with plasmablastic/plasmacytic differentiation (B)
without plasmablastic/plasmacytic differentiation (B or T)

*  Only extramedullary plasmacytoma

Accordingly, the results of the Stanford group and other clinicopathologic
studies may be considered further evidence that follicular lymphoma is a distinct
entity that must be differentiated from the diffuse forms of malignant lymphoma.
We must admit now, however, that the types of tumors arising from germinal
centers are more numerous than we had originally thought. Furthermore, we
know that germinal center-cell neoplasms, especially the purely centrocytic and
centroblastic lymphomas, can exhibit a diffuse pattern. The prognoses of the
latter lymphomas may vary little or greatly from that of malignant lymphoma
of the centroblastic/centrocytic type, which usually shows a follicular pattern.
The studies of Lukes and CoLLINS?*® and our own comparative electron-mi-
croscopic and immunologic studies®! have made a major contribution to this
realization.

It soon became evident that the cells in some immunoblastic lymphomas
show signs of differentiation towards plasma cells or large plasmablast-like

301973, 1974a, b, 1975a, b. and KAISERLING, 1975; LENNERT, STEIN and
31 LENNERT, 1973b, c; LENNERT, MOHRI, STEIN  KAISERLING, 1975.
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cells with rough endoplasmic reticulum in the cytoplasm on electron microscopy.
At a meeting of the European Lymphoma Club in Paris in February, 1975,
it was therefore decided to distinguish two subtypes of immunoblastic lympho-
ma:

1. That with plasmablastic and/or plasmacytic differentiation.

2. That without plasmablastic and/or plasmacytic differentiation.

Whereas the lymphomas of the first subtype (with plasmablastic and/or
plasmacytic differentiation) may always be interpreted as B-immunoblastic lym-
phomas, the second subtype (without plasmablastic and/or plasmacytic differ-
entiation) includes the probably very rare T-immunoblastic lymphomas as well.32

At the meeting in Paris, the European Lymphoma Club also generally agreed
to add another group of low-grade malignant lymphomas, namely, the primary
plasmacytomas of lymphatic tissue (M.L. plasmacytic).

In the present monograph we use the Kiel Classification with some slight
modifications (see Table 11). In several respects it differs from the nomenclature
we originally proposed. The reason is that we felt obliged to sacrifice some
of our terms to clear the way for a generally acceptable approach to a new
nomenclature, at least for some European lymphoma experts. At the same
time, we have endeavored to simplify the overwhelming complexities without
surrendering scientific accuracy. From previous data accumulated regarding
the prognosis of non-Hodgkin’s lymphoma, it seemed quite obvious to the
European Lymphoma Club that the new classification would prove clinically
relevant and useful.?? Final proof, however, was needed.

I1. Some Ideas for a Modern Lymphoma
Classification

As far as we know, COOPER et al.3* were the first to call for a classification

of lymphomas based on their relationship to the B- and T-cell systems. Since
then, this demand has been accepted almost everywhere. Pioneers in its realiza-

32 Since the writing of this monograph, MATHE,
RappAPORT, O’CoNoOR and TorLONI (1976) have
published a WHO classification. It distinguishes
tumors from chronic lymphocytic leukemia
(CLL) and other lymphoproliferative diseases
(macroglobulinemia of Waldenstrém, myeloma,
plasma-cell leukemia, heavy-chain diseases, and
Sézary’s syndrome). The tumors include **lym-
phosarcomas,” mycosis fungoides, plasmacy-
toma, reticulosarcoma, and Hodgkin’s disease.
The lymphosarcomas are subdivided as follows:
1. nodular; 2. diffuse: a) lymphocytic, b) lym-
phoplasmacytic, c¢) prolymphocytic, d) lympho-
blastic, e) immunoblastic, ) Burkitt’s tumor. We
consider the publication of this classification to
be not particularly appropriate. The mixing of

old and new terms and the presented division
into “lymphoproliferative diseases” and ‘‘tu-
mors” will hardly lessen the current confusion.
There is no reason to assume that this classifica-
tion, which, as far as we know, is used only
in the institution of MATHE, will find the world-
wide acceptance that a WHO classification
should have. We shall have to wait and see what
the second edition of the ““Blue Book” has to
offer. The reader may also refer to the critical
comments made by CHELLOUL, DIEBOLD, FLAN-
DRIN, GERARD-MARCHANT et al. (1976).

33 LENNERT, 1973¢, Fig. 8.

** COOPER, PETERSON, GABRIELSEN and Goon,
1966.
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tion included the following groups. The research teams of SELIGMANN (in Paris)
and AISENBERG (in Boston) engaged in studies of surface immunoglobulin.
Various rosette techniques were applied by LUTZNER and BERARD and co-workers
(in Bethesda). At the institute of RoBB-SMITH (in Oxford), TAYLOR succeeded
in demonstrating intracytoplasmic immunoglobulin in routine paraffin sec-
tions.3** Many authors still have reservations, however, as to whether the
time is ripe for a grouping into B- and T-cell lymphomas, such as the one
we proposed together with LUKES in London in 1973 (Table 6). Nevertheless,
we agree with LUKES that it is quite possible at the present time to ascribe
many malignant non-Hodgkin’s lymphomas to the B- and T-lymphocyte series
by means of morphologic methods alone. When that is impossible, we must
avail ourselves of all methods used in modern immunologic research and morph-
ology in order to reach our goal. We are convinced that such complicated
studies will soon make it possible, at least in most cases, to extrapolate to
morphology and to clearly separate B- and T-cell lymphomas. This appears
to be more feasible for lymphomas of the B-cell series than for those of the
T-cell series, since the relationship of morphology and function in B-cell forms
is better understood. In addition, the morphology, cytochemistry, and immu-
nochemistry of the development of T-cells and T-cell variants must be studied
more extensively in order to find the counterparts of the various kinds of
neoplastic T-cells.

Such endeavors should not beguile us into complacency. We must remember
that all cells of the B-cell and T-cell systems in “normal” lymphatic tissue
are disposed to cooperate and that every reaction of lymphatic tissue involves
several cell types, either simultaneously or one after the other. Accordingly,
that must also be true to a certain degree for malignant lymphomas, since
at least most of them represent more or less distorted reflections of normal
reactions seen in lymphatic tissue.>> The higher the degree of differentiation,
the better a malignant lymphoma will reproduce the normal pattern of the
lymphatic reaction (immune reaction). In anaplastic tumors the normal intercel-
lular cooperation is often only fragmentary or vague. The following are examples.

Firstly, follicular lymphoma (M.L. centroblastic/centrocytic, follicular) is
almost a complete mirror image of the normal germinal center. The neoplastic
germinal centers contain centroblasts, centrocytes, dendritic reticulum cells, a
few macrophages, sometimes a few plasma cells, and even occasionally immune
precipitates (see p. 331). That was the reason why, until the fundamental studies
of RAPPAPORT et al.,® follicular lymphoma and follicular hyperplasia could
often not be told apart. If the tumor cells become more anaplastic, then a
monotonous, chiefly centroblastic tumor (previously called germinoblastic sar-
coma, but now referred to as M.L. centroblastic) may develop from the original
mingling of different cells. Dendritic reticulum cells are then missing. Therefore,
there is no longer cellular cooperation with these cells.

Somewhat less well ““differentiated” in the sense of interceliular cooperation
is M.L. centrocytic. The typical centroblast is absent, and dentritic reticulum
cells are present in only a number of cases. Usually no follicles are formed.

34a For literature, see Part Six and the chapters 33 LENNERT, 1973c.
on each lymphoma. 36 RAPPAPORT, WINTER and Hicks, 1956,
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Consequently, the degree of differentiation and therefore the grade of malignancy
can be ascertained from the extent to which the normal follicle is reproduced.

A second example of this kind is T-zone lymphoma. In this tumor, besides
atypical T-lymphocytes, we find interdigitating reticulum cells, epithelioid ven-
ules, reticulin fibers, and sometimes T-associated plasma cells. In other words,
the tumor completely imitates the T-cell regions of normal lymph nodes and,
in particular, reactive T-cell regions, which can be found in many different types
of nonspecific lymphadenitis. This is occasionally reflected in the abundance of
T-associated plasma cells.

Follicular lymphoma and T-zone lymphoma therefore imitate their normal
counterparts. Organoid structures belonging to the B-cell and T-cell regions
develop, undoubtedly owing to an interaction between various cells. The dendritic
or interdigitating reticulum cells may well exert a certain guiding influence.

We can go a step further with follicular and T-zone lymphomas. It seems
plausible that highly differentiated organoid lymphomas of one cell system can
induce the proliferation of another cell system.?>” For example, the neoplastic
follicles of typical M.L. centroblastic/centrocytic are surrounded by highly devel-
oped T-cell tissue. That is to say, they are surrounded by numerous T-lymphocytes,
some interdigitating reticulum cells, epithelioid venules, and fibers. In contrast,
T-zone lymphoma is associated with follicles rich in B-lymphocytes; sometimes
numerous germinal centers showing regressive changes and surrounded by thick
collars of lymphocytes may even be found among the tumor cells of the
T-lymphocytic type and the contiguous venules. The lymphocytes surrounding
the germinal centers can definitely be interpreted as B-lymphocytes on the basis
of their immunologic markers.

In both of the examples referred to, it seems that, at least in highly differen-
tiated states, the organoid neoplasm of either the B-cell or T-cell system is
associated with a nonneoplastic increase in cells of the other system (T-cell
or B-cell, respectively).

Another example of the imitation of normal reactions is the appearance
of epithelioid cells in malignant lymphomas. We can find epithelioid cells in
lymphomas producing IgM, such as lymphoplasmacytoid or immunoblastic lym-
phoma. Epithelioid cells are most prominent in so-called epithelioid-cell lym-
phogranulomatosis,®® in which we see proliferations of lymphocytes, larger
transformed basophilic lymphocytic forms, and epithelioid cells (see p. 467). We
assume that the lymphocytes play the leading role, and we believe it is possible that
they might secrete a mediator substance, which attracts monocytes and induces
them to transform into epithelioid cells. Initially, we thought of the migration
inhibitory factor (MIF), but, so far, we have not been able to demonstrate
it. Undoubtedly, we know very little about such interrelationships. Thus, we
should make every attempt to learn more about them. By this means we may
also obtain insight into normal reactions, as was the case with the investigation
of plasmacytoma.

A last example, immunoblastic lymphoma, illustrates how easily the close
association of nonneoplastic cells can obscure the true appearance of the tumor.
For decades this tumor was misinterpreted in two ways: the large tumor cells
37 K AISERLING, 1975. 38 LENNERT and MESTDAGH, 1968.
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were equated with the associated macrophages that showed evidence of phago-
cytosis and an intensely positive esterase reaction; thus, many investigators
concluded that the tumor was histiocytic in nature. In contrast, from the increase
in reticulin fibers in the tumor, others held the opinion that the tumor was
reticular in nature. Both viewpoints were wrong, since they were based on the
characteristics of associated cells and not on the tumor cells themselves. The
tumor cells, however, cause the macrophages to accumulate and induce the
formation of reticulin fibers, changes that often occur in many types of in-
flammation. Consequently, it is essential to determine which cell is really
neoplastic in each tumor; the associated nonneoplastic cells should not lead us
astray. We presume that the same axiom holds true for extralymphatic lymphomas,
for example, for microgliomatosis of the central nervous system. Here, the
intense proliferation of microglial cells results only because of the presence and
function of the tumor cells, which in our opinion are lymphocytes and plasma
cells (LP immunocytoma; see p. 224).

Lymphomas not only shed new light on immunologic reactions and cellular
interactions, they also show direct relationships to pathologic immune condi-
tions.*>® For example, it has been known for a long time that malignant lym-
phomas frequently occur in immune-deficiency disorders.*® Hodgkin’s disease
and other malignant lymphomas also frequently develop in conditions of in-
creased and pathologic immune activity, such as autoimmune diseases.*! Reticu-
losarcoma, follicular lymphoma, and lymphosarcoma have been reported in
systemic lupus erythematosus. The development of malignant lymphomas,
chiefly chronic lymphocytic leukemia, but occasionally reticulosarcoma, has
also been described in cases of rheumatoid arthritis. The lymphomas associated
with Sjogren’s syndrome were mostly reticulosarcomas, but they also included
chronic lymphocytic leukemia and macroglobulinemia of Waldenstrom. A large
number of so-called reticulosarcomas have been recorded following treatment
with immunosuppressive drugs after organ transplantation,*? and a number of
Hodgkin’s and non-Hodgkin’s lymphomas have been reported after diphenyl-
hydantoin treatment*? (but not all cases were proved to be malignant lymphomas).
Finally, the graft-versus-host reaction in animals is sometimes followed by the
development of a malignant lymphoma, probably immunoblastic sarcoma.**
Apparently, most of these lymphomas are of B-cell nature, except perhaps for the
lymphomas in congenital immune-deficiency syndromes. In these disorders, we
find a still-unestimated number of T-cell lymphomas. Study of the manifold
immune-deficiency disorders will perhaps enrich the study of malignant
lymphomas, and vice versa.*> Consideration of the different classes of immune-
response genes might play a key role in such studies.

39 ScuwARTZ and ANDRE-SCHWARTZ, 1968;  *3 Lit.: see AISENBERG, 1973; LEDER and LEN-
Hoernt and LaPorTE, 1970, Lit.; AISENBERG, NERT, 1972; experiments: see KRUGER, HARRIS
1973. and SussMaAN, 1972.

40 MILLER, 1967a; KRUGER, 1972; Goob, 1973; 44 (GLEICHMANN, GLEICHMANN, ANDRE-
KERSEY, GAJL-PECZALSKA and NESBIT, 1974, SCHWARTZ and SCHWARTZ, 1972; GLEICHMANN,
41 TaraL and BuniM, 1964; MILLER, 1967b; GLEICHMANN and SCHWARTZ, 1972; GRUND-
JONES, 1973. MANN and Hosik, 1973; SOLNIK, GLEICHMANN,
42 PgnN, HALGRIMSON and  Starzr, 1971; KAVANAH and SCHWARTZ, 1973.

KRUGER, 1972; REs, 1972; VIDEBAEK, 1973. 45 See OLIVER, 1975.
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Another basic problem with malignant lymphomas is the definition of leuke-
mia. We wish to avoid participating in the disputes among clinicians, who
disagree on the number of neoplastic cells needed in the blood for a diagnosis
of leukemia and on whether the bone marrow must be involved or not. We
are more concerned with the nature of leukotic and nonleukotic neoplasms
of similar cells. In other words, are there fundamental differences between
nonleukotic lymphomas (“sarcomas”) and leukoses (leukemias)? Our answer
to this question is “"yes™ and is based on the following reasons.

From pathoanatomic, histologic, and cytologic standpoints, we define a
leukemia (leukosis) as follows. It is seen grossly as a diffuse infiltration of
bone marrow, liver, spleen, lymph nodes, and so forth, without any recognizable
formation of nodules or localized tumor masses. Histologically, there is uniform
infiltration, which often preferentially involves certain regions, for example,
the portal areas of the liver; destructive growth is not seen. Destruction of
the stroma is essential for the diagnosis of sarcoma, but not for the diagnosis
of leukemia.*® When infiltrates are unusually massive, they can cause “pressure
atrophy” of preexistent structures. In lymph nodes the leukemic cells either
appear to “skip” the capsule and crowd as massive infiltrates about it (as
in chronic lymphocytic leukemia) or they extensively permeate the capsule,
widening it but causing no destruction (as in acute lymphoblastic leukemia).

Cytologically, the cells of chronic leukemias range in maturity from ““-blasts™
to “-cytes” (chronic myeloid leukemia, chronic lymphocytic leukemia) or are
exclusively mature cells (for example, plasma-cell leukemia). In acute leukemias
the cells are virtually always ““blast cells.”

In contrast to leukemia (leukosis), sarcomas of the blood-forming organs
are defined as tumor nodules or masses that destroy the preexistent tissue.
In addition, there are two varieties of combinations of ‘““‘leukemia’ and ““sar-
coma.” (1) There are cases in which the disease appears primarily as a tumor
and in which a leukemic blood picture is found at some time during the course
of the disease. (2) There are cases in which typical leukemia exists over a
longer period of time with diffuse infiltration of organs, etc., and in which
autopsy reveals a tumorous picture, with nodules of neoplastic cells in organs,
and tumor masses as well as still-existent diffuse infiltrates.

So-called thymic lymphosarcoma (M.L. lymphoblastic, convoluted-cell type)
can serve as an example of the first group of cases, in which the eventual
leukemia may be regarded as a **spilling over *” rather than evidence of increased
cellular differentiation.

In the second group of cases, the ability of the leukemic cells to enter
the blood might be interpreted as a sign of their differentiation. As the cells
develop, they acquire surface properties enabling them to emigrate into the blood.
If in such cases of leukemia we find masses or nodules of tumor at autopsy,
then we may consider this to be a sign of dedifferentiation. The cells have lost
the surface properties enabling them to emigrate into the blood and have there-
fore **stuck together” in the tissue in the*form of cell masses, which no longer
show purely infiltrative growth, but instead destructive growth.

46 ROBB-SMITH, 1964. 47 GALTON, 1964.
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In 1908, STERNBERG*® referred to the first variety as leukosarcomatosis, a
term appropriate at the time. The second variety embraces tumor-forming
leukemias.*® Although the blood picture is ““leukemic” in both types, the nature
of the “leukemia” is basically different. We should try to express this difference
when we formulate our concepts about leukemia. We should avoid regarding
leukemia and hyperleukocytosis of the blood as synonyms, just as we should
refrain from depriving leukopenic leukemia of its leukemic nature merely because
at certain times in its course great numbers of proliferating cells fail to appear
in the blood. We mention this problem now, since in the Kiel Classification
use of the adjective leukemic for all lymphomas may introduce an equating
factor that is practical, but obscures the nature of the various lymphomas.
The same holds true for applying the term lymphoma to both leukemias and
nonleukotic neoplasms of the lymphatic tissue.

ITI. A Simplified Cellular Scheme as a Basis
for a Modern Classification of Lymphomas

As described in Part One, two cell series, namely, the T- and the B-lympho-
cyte series develop from a still poorly defined stem cell of the bone marrow
(see Fig. 33). The *“virgin” T- and B-cells are called T,- and B;-lymphocytes,
respectively. When these lymphocytes encounter antigenic stimulation for the
first time, they transform into blast cells. T;-lymphocytes develop into T-immuno-
blasts, i.e., large basophilic cells as we know them from studies of tissue cultures
with phytohemagglutinin (PHA). These immunoblasts either fulfill their function
and die, or they become T,-lymphocytes. The latter react more intensely and
more quickly when stimulated a second time by the same antigen. They represent
the memory cells of the T-cell series. Inclusion of the so-called T-associated
plasma cell*° in our scheme is meant to be provocative. This type of cell
has not yet been fully defined, although we presume that it is related to the
T-cell system. We realize, however, that the term plasma cell is not compatible
with that assumption. Furthermore, it has not been proved by any means that
T-associated plasma cells produce immunoglobulin (see p. 31).

When B-lymphocytes encounter antigenic stimulation for the first time, they
also transform into immunoblasts (B-immunoblasts), which so far cannot be
morphologically distinguished from T-immunoblasts. B-immunoblasts give rise
to plasma cells, which develop via plasmablasts and proplasmacytes. The plasma
cells are relatively small at first and have a relatively small Golgi body. These

48 Also 1916. NERT, 1973 ; LENNERT, KAISERLING and MULLER-
4% LENNERT, 1964a. HERMELINK, 1975.
50 MULLER-HERMELINK, KAISERLING and LEN-
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Fig. 33. Preliminary, simplified scheme of the T- and B-lymphocyte systems. The subtypes of T-

lymphocytes are not shown. EAC+ =complement receptor-positive (cell forms rosette with EAC).

EAC— =complement receptor-negative (cell does not form rosette with EAC). E+ =sheep-E receptor-

positive (cell forms spontaneous rosette with sheep erythrocytes). E— =sheep-E receptor-negative

(cell does not form spontaneous rosette with sheep erythrocytes). S-Ig=surface immunoglobulin.
C-Ig =intracytoplasmic immunoglobulin. 4g =antigenic stimulation. Ly =lymphocyte

cells used to be called lymphatic plasma cells, plasmacytoid lymphocytes, or
lymphoplasmacytoid cells, which correspond to the plasma cells circulating in
the blood. They initially bear surface IgM and secrete chiefly IgM. The
small plasmacytoid cells enlarge, becoming the plasma cells previously called
the “reticular” or Marschalko type. These are the cells that are chiefly responsi-
ble for producing IgG, IgA, IgD, and IgE. They may, however, also produce
IgM. Only relatively few plasma cells, mainly of the lymphoplasmacytoid type,
are produced in the primary immune response; consequently, the amount of
immunoglobulin they produce is small.

A further response to the first antigenic stimulation is the development
of germinal centers. In germinal centers, centroblasts originate from small lym-
phocytes. In turn, the centroblasts give rise to centrocytes and these ultimately
to B,-lymphocytes, which are the memory cells of the B-cell system. In addition,
lymphocytes, probably of random antigen specificity, develop in germinal cen-
ters.*®* Thus, germinal centers are first a site of B-lymphocyte multiplication.
They also produce the precursors of the plasma-cell series. It seems likely that
large centroblasts can transform directly into immunoblasts and thereby join the
plasma-cell series. The formation of plasma cells can, however, proceed by way

302 KruniNg, 1972.
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of centrocytes and B,-lymphocytes. An intermediate step between lymphocytes
and plasma cells, considered to be the marginal-zone cell by NIEUWENHUIS and
KEUNING, ! is difficult to identify in human lymph nodes. According to our find-
ings in malignant lymphomas, centrocytes can probably transform directly into
immunoglobulin-secreting cells or plasma cells without going through a blastic or
other intermediate stage. In any event, all agree that the germinal center is
a site where plasma-cell precursors are produced. In human lymph nodes, mature
plasma cells are also often produced in germinal centers.

Our scheme is an oversimplification and contains many flaws. Where should
we include the various killer cells, for example? There is also no mention
of T-helper cells or T-suppressor cells. Nonetheless, our scheme may help us
to understand not only the main types of malignant lymphoma, but also the
numerous possible borderline cases.

If we try to relate the various non-Hodgkin’s lymphomas to the given cell
scheme®? —a similar attempt was made by SALMON and SELIGMANN®3 —a consid-
erable number of the lymphomas can be more or less clearly linked. Most
chroniclymphocytic leukemias (CLL) are derived from B, - or B,-lymphocytes; the
blast cell of CLL represents an underdeveloped B-immunoblast that is not capable
of further development into the plasma-cell series. When there is no block,
however, plasmacytoid or plasmacytic cells develop. Together with lymphocytes,
they characterize our lymphoplasmacytic/lymphoplasmacytoid type of lym-
phoma (immunocytoma). In contrast to the cells of chronic lymphocytic leuke-
mia, these cells are able to produce immunoglobulin, mostly IgM. If, as rarely
happens, pure populations of plasma cells proliferate in the lymph node (malig-
nant lymphoma, plasmacytic), it is generally found, as expected, that the immu-
noglobulin produced is 7-S rather than 19-S type. Since plasma cells are often
derived from germinal-center cells—corresponding to the secondary immune
response —there is also a close relationship between the latter cells and immuno-
cytoma. On the one hand, this relationship manifests itself in the polymorphic
type of immunocytoma. On the other hand, immunoglobulin synthesis is occa-
sionally found in germinal-center tumors, with or without retention of immuno-
globulin. The tumors that arise from both main cell types of the germinal
centers (centroblasts and centrocytes) usually show a follicular structure. These
tumors correspond to the follicular lymphomas (Brill-Symmers disease) of the
literature. Centrocytes, however, can also proliferate on their own. In this case
we speak of M.L. centrocytic. Tumors composed of a pure population of centro-
blasts (M.L. centroblastic) are of high-grade malignancy. LUKEs and CoLLINS*
also include Burkitt’s tumor and other lymphomas in the group of “follicular-
center cell” tumors. Most immunoblastic lymphomas (previously called reticulo-
sarcoma) are derived from B-immunoblasts. Immunoblastic lymphomas seldom
originate from T-immunoblasts. We are still uncertain where each of the T-lym-
phocytic lymphomas should be included in the scheme. There are probably
several possibilities; to mention only two types of T-lymphocytes is no doubt
to oversimplify. We still have more to learn in this area.

511974, 33 1974.
52 LENNERT, 1975. 54 1974a, b.
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IV. The Kiel Classification
and Its Clinical Relevance

The Kiel Classification is based primarily on cytology. Structural characteris-
tics, such as formation of follicles or tendency to fibrosis, are used merely
as adjuncts. Two main groups of tumors are distinguished : lymphomas of low-
grade and those of high-grade malignancy. The terms used for the low-grade
malignant lymphomas end with the suffix ““-cytic”” (or ‘““-cytoid”’) and those
for the high-grade with ““-blastic.” Generally, the cells of the low-grade tumors
are small, with only occasional large blast forms intermingled among them.
In contrast, the high-grade malignant types consist of a pure population of
larger ““blastic’ cells. Nearly all malignant lymphomas may be associated with
a leukemic blood picture.

The basic division into low- and high-grade malignancies corresponds well
with results of kinetic studies recently presented by TREPEL and ScHICK.”®> Low-
grade malignant lymphomas show a low to moderate rate of proliferation,
a large percentage of cells in Gy-phase, and a low rate of cell death. The
proliferation is restricted to basophilic cells (“blasts”).®> They are morpho-
logically similar to the blast cells of high-grade malignant lymphomas, which
show high mitotic activity and a high rate of cell death, whereas the percentage
of Gy cells is relatively low.

The kinetic data of SILVESTRINI et al.>® correspond roughly with the concept
of low- and high-grade malignancies. The question has been raised, however,
as to whether a third, intermediate group should be introduced, in particular
to include polymorphic immunocytoma and large-cell centrocytic lymphoma.

In fact, the group of low-grade malignant lymphomas is not homogeneous
in comparison with the fundamentally uniform high-grade malignant lym-
phomas. Roughly speaking, one can say that the degree of malignancy is some-
what higher (“intermediate”) when the lymphocytes or centrocytes are relatively
large or when the number of ““blasts”™ (‘‘paraimmunoblasts,” immunoblasts,
centroblasts) is particularly large.

The author admits that the Kiel Classification represented a compromise
in many respects. On the one hand, it was relatively easy to replace the names
“germinocyte” and *‘germinoblast’ with ““centrocyte” and “centroblast,” thus
dispelling all misgivings of American colleagues who feared confusion with
germ-cell tumors. On the other hand, other concessions were made with great
reluctance. The present division into low-grade and high-grade malignant lym-
phomas does not fully correspond to the ““irreversible progressive hyperplasia”
and “‘sarcoma” that RoB-SMITH®” and the author®® favored earlier. Malignant
lymphoma of the centrocytic type is probably an intermediate form. Previously,
it was regarded as a sarcoma. Now it is classed with the low-grade lymphomas.
In addition, the author believes that equating leukemia with tumor poses a
problem. This is discussed more thoroughly on pages 97f. and 407f.

%5 TrePEL and ScHick, 1976. 37 1964.

56 SILVESTRINI, Piazza, Riccarpi and RiLKE,  °® LENNERT, 1967.
1977.
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Nevertheless, the Kiel Classification seems to us to provide the best compro-
mise in terminology (but not in concept) that is possible at the present time.
Its main advantage is that it allows tumors that are difficult to diagnose precisely
at least to be classified in one of the main groups, either as a low-grade malignant
lymphoma or as a high-grade type —low-grade malignant lymphomas consist
of small or of small and large cells, whereas high-grade malignant lymphomas
are relatively homogeneous proliferations of medium-sized or large basophilic
cells. This possiblity is probably of the greatest clinical relevance. Even when
working conditions are not optimal, a statement about the degree of malignancy
of a lymphoma makes clinical predictions and appropriate treatment possible.
Finally, the Kiel Classification leaves all avenues open for segregating lymphomas
into B-cell and T-cell types by means of modern immunologic techniques.
Actually, that should be the scientific aim of any classification of lymphomas.
On this point we fully agree with Lukes and CoLLINs and are encouraged by
positive statements such as those made by HANseEN and Goop.*® ,

This leads us to a discussion of the clinical relevance of the Kiel Classification.
No system of nomenclature should be pursued merely for its own sake. It
must be clinically relevant and designed to help patients. Such aims, however,
need not be immediately apparent. We would like to caution against prema-
turely rejecting a classification if it fails at first glance to show a clinical correla-
tion. It is well known that some tumors of malignant appearance that progress
rapidly are now more easily cured than more benign-appearing counterparts
that progress more slowly. Here we need only recall to mind acute lymphoblastic
leukemia (ALL), which is curable in some cases and shows longer remissions
than ““chronic” leukemias, all of which are still incurable. On the other hand,
it is important to recognize subtle morphologic differences—correlating with
definite immunologic or cytochemical markers—in the cells of malignant
lymphomas, since therapy, both in kind and in dosage, as well as prognosis,
depend to a considerable extent on a precise diagnosis. Accordingly, the value of
a classification should not be measured solely by its present clinical relevance.

One should combine the approach that has produced such magnificent results
under KaPLAN in Stanford,®® and for which PETERS®! was a crucial pioneer,
with a subtle classification of lymphomas. That would mean an exact staging
of non-Hodgkin’s lymphomas, as has been practiced in Stanford and other
places for years.®? The combination of a lymphoma classification based on
subtle morphology and immunology with precise staging procedures will benefit
us in our understanding of non-Hodgkin’s lymphoma and contribute to more
cures than is possible at the present time. With non-Hodgkin’s lymphoma,
however, an additional parameter, the blood picture, must be taken into account.
Whereas the changes in the peripheral blood in Hodgkin’s disease are in most
instances insignificant, in many non-Hodgkin’s lymphomas they are of great
importance. With adequate experience and good hematologic techniques, a large

59 1974. ’ DumMoNT, DUFFILLOT, THIEBAUT, CHELLOUL

60 KaPLAN, 1972, Lit. et al., 1974; Kim and DORFMAN, 1974 ; MUSSHOFF
61 1963, and SLANINA, 1974; TuBIaNA and LE BOURGEOIS,
62 FERGUSON, ALLEN, GRIEM, MORAN et al., 1974 ; VERONESI, MUSUMECI, PizZZETTI, GENNARI

1973; Jongs, Fuks, BurL, KADIN et al., 1973; etal., 1974.
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number of non-Hodgkin’s lymphomas can be diagnosed from the blood picture.
Such studies of the peripheral blood make many investigations much easier,
for example, those using cytochemistry, immune markers, and the electron micro-
scope. They also spare the patient the distress of surgical procedures.

The histologic type and stage of a lymphoma are presumably the most
important factors determining the prognosis. The data available for the Kiel
Classification are not yet satisfactory. The results of three independent clinical
studies show, however, that the Kiel Classification has at least some prognostic
relevance. For a relatively small number of patients, MUSSHOFF ef al.%® demon-
strated that there is a statistically significant difference between the prognoses
of low- and high-grade malignant lymphomas (Fig. 34). The different types
of lymphoma revealed different survival rates in the large series of vAN UNNIK
et al.** M.L. centroblastic/centrocytic had the best prognosis, followed by M.L.
centrocytic and M.L. lymphoplasmacytic/lymphoplasmacytoid. The shortest sur-
vivals were found with M.L. immunoblastic.

The series of the Kiel Lymphoma Study Group is the most homogeneous
with respect to histologic diagnoses. It was studied by BRITTINGER et al.®® and
STACHER et al.%® The results are given in Figure 35. The actuarial survival is
by far the longest in M.L. centroblastic/centrocytic and chronic lymphocytic
leukemia (CLL). The lowest survival rate is seen in M.L. lymphoblastic and M.L.
immunoblastic. The curves for M.L. centrocytic, except towards the end, and
M.L. lymphoplasmacytic/lymphoplasmacytoid lie between the extremes, but
nearer those for the other low-grade malignant lymphomas.

The prognosis of non-Hodgkin’s lymphomas is an important, but not the
only, clinical criterion. The symptomatology shows significant differences in
the various types of lymphoma. For example, the five subtypes of lymphocytic
lymphoma have different clinical manifestations. CLL of the B-type always
involves lymph nodes and the bone marrow, but rarely the skin. In contrast,
tumor cells of CLL of the T-type have less of a tendency to infiltrate
lymph nodes and the bone marrow, but frequently infiltrate the skin.®” Hairy-cell
leukemia is characterized by lymphoid myelofibrosis, splenomegaly, and pancy-
topenia, and it requires completely different treatment from other leukemias.
Mycosis fungoides and Sézary’s syndrome are clearly distinguished from the
other lymphocytic lymphomas by their characteristic skin lesions. T-zone lym-
phoma hardly responds at all to conventional lymphoma therapy.

The other lymphomas of low-grade malignancy also have special clinical
features. Hemolytic anemia is more often associated with LP immunocytoma
than with B-CLL. LP immunocytoma has three clinical variants: (1) the lymph-
node type, (2) the splenomegalic type, and (3) the oculocutaneous type, which
may involve only the orbit and skin for many years. Only the first type has
many features in common with B-CLL.

In contrast to patients with centroblastic/centrocytic lymphoma, those with

63 MUSSHOFF, SCHMIDT-VOLLMER, LENNERT and %5 BRITTINGER, BARTELS, BREMER, DUHMKE

SANDRITTER, 1976; MUSSHOFF, 1976. etal., 1976.
% Preliminary data presented by the author at  ®® STACHER, WALDNER and TuEML, 1976.
Airlie House Conference in 1975. 67 BROUET, FLANDRIN, SASPORTES, PREU-

D’HOMME et al., 1975.
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patients with high-grade malignant lymphomas. (From MUSSHOFF, SCHMIDT-VOLLMER, LENNERT and

SANDRITTER, 1976)
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Fig. 35. Actuarial survival of patients with the main types of malignant lymphomas distinguished

by the Kiel Classification. The group “CLL, unselected” consists of routine patients of the Depart-

ment of Hematology, University of Essen. “CLL, biopsied” are contributed, as are all other

types, by the Kiel Lymphoma Study Group. (From BRITTINGER, BARTELS, BREMER, DUHMKE ef al.,
1976)

centrocytic lymphoma usually present in stage IV at the time of biopsy. They
almost always exhibit at least some centrocytes in the blood. Transformation
into a lymphoma of higher-grade malignancy hardly ever occurs in cases of
centrocytic lymphoma, whereas it is frequently observed in cases of centro-
blastic/centrocytic lymphoma. Nevertheless, centroblastic/centrocytic lymphoma
often appears to be relatively benign for a long time, and it is sometimes
confined to only one lymph-node region. It is now recognized everywhere
that this type of lymphoma, which reveals a follicular pattern in 96%
of the cases and is therefore by and large equivalent to *“nodular lymphoma,”
is a special entity.

The clinical differences among high-grade malignant lymphomas are less
well marked. The clinical manifestations of centroblastic lymphoma appear
to largely coincide with those of immunoblastic lymphoma. Lymphoblastic lym-
phoma of the Burkitt type has been recognized for a long time as a distinct
clinical entity because of the special manifestations of true African lymphoma.
The non-African variety also appears to have particular clinical features— for
example, the predominance of cervical and abdominal tumor masses. Patients
with lymphoblastic lymphoma of the convoluted-cell type frequently present with
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a mediastinal tumor. This type of lymphoblastic lymphoma is more difficult
to treat than lymphoblastic lymphomas of the Burkitt or unclassified type.
According to MATHE ef al.,°® immunoblastic lymphoma is also a characteristic
clinical entity. Paraproteinemia is occasionally found in the blood of patients
with immunoblastic lymphoma.

An important difference between low- and high-grade malignant lymphomas
lies in the age distributions (see p. 110). High-grade malignant lymphomas can
occur in childhood and adolescence, whereas low-grade malignant lymphomas
are observed only in adults.

All of these results are preliminary in some respects. They were obtained
in retrospective studies without exact clinical staging and without standardized
therapy. Nevertheless, they may give an idea of the usefulness and clinical appli-
cability of the Kiel Classification. That encouraged us and our clinical lymphoma
group to continue along the same path and to expand our studies to a prospective
one with standardized staging procedures and therapy.

V. Incidence of the Different Types
of Lymphoma in Our Material

On the whole, malignant lymphomas are not very common neoplasms. Dur-
ing the three-year period 1964—1966, we diagnosed in Northern Germany
(Schleswig-Holstein) 2.0 cases of Hodgkin’s disease, 1.2 cases of non-Hodgkin’s
lymphoma excluding lymphocytic leukemia, and 1.7 cases of non-Hodgkin’s
lymphoma including lymphocytic leukemia per 100,000 population per year.%?
The total incidence of malignant lymphoma came to 3.2 and 3.7, respectively,
per 100,000 per year. The number of lymphocytic leukemias was of course
much higher than recorded here, since biopsies were made in only a small
number of cases.

Statistical data on the incidence and age and sex distribution of malignant
lymphomas are essential aids for diagnosis by the pathologist. Therefore, a
summary of the most important data from each chapter will be given here.

The frequency of the various lymphomas in biopsy material is dependent
on many factors. It does not reflect the true incidence of malignant lymphomas.
For instance, in Germany, patients with chronic lymphocytic leukemia are often
subjected to lymph-node biopsies, whereas that is not the case in Anglo-Ameri-
can countries. Nevertheless, a digest of the data on our material probably
gives a rough idea of the relative frequency of the various lymphomas.

In our material (Table 12) Hodgkin’s disease constitutes 43.6% and non-
Hodgkin’s lymphoma 56.4% of all malignant lymphomas. If we were to leave
chronic lymphocytic leukemia (CLL) out of the non-Hodgkin’s lymphomas, the

68 MATHE, BELPOMME, DANTCHEV, POUILLART et °° LENNERT, 1969b.
al., 1974.
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Table 12. Incidence of different types of malignant lymphoma in all material at the Lymph Node
Registry in Kieland in our routine material. First series, collected from July, 1965, through September,
1973

Diagnosis Total No. No. of Lymphomas Non-Hodgkin’s
of biopsy routine lymph- lymphomas
cases node cases (%) (%)

Hodgkin’s disease — 651 43.6 —

M.L. lymphocytic 364 191 12.8 22.7
CLL (B-type) 261 176 11.8 20.9
HCL 33 3 0.2 0.4
M.F. and Sézary’s 70 12 0.8 1.4
syndrome

M.L. lymphoplasmacytic/ 256 136 9.1 16.2
-cytoid
(LP immunocytoma)
M.L. plasmacytic 15 7 0.5 0.8
(plasmacytoma)

M.L. centrocytic 125 72 4.8 8.6

M.L. centroblastic/ 606 184 12.3 21.9
centrocytic

M.L. centroblastic >23 >10 >0.7 >1.2
Primary -2 >7 >0.5 >0.8
Secondary 23 3 0.2 0.4

M.L. lymphoblastic 211 107 7.2 12.7
Burkitt type 29 6 0.4 0.7
Convoluted-cell type 20 7 0.5 0.8
Unclassified 162 94 6.3 11.2

M.L. immunoblastic <187 <134 <9.0 <159

Unclassifiable — 150 9.9 —

All non-Hodgkin’s 1787 841 56.4 —
lymphomas

All lymphomas - 1492 (+150) — —

* Not estimated, included in M.L. lymphoblastic, unclassified and M.L. immunoblastic

frequency of Hodgkin’s disease would be 49.5%, i.e., almost half of all malignant
lymphomas. This percentage is, no doubt, relatively high when compared with
the frequency in other countries.

M.L. centroblastic/centrocytic (follicular lymphoma of the old nomenclature)
is the most common non-Hodgkin’s lymphoma (21.9%). It is followed
by chronic lymphocytic leukemia (20.9%), LP immunocytoma (16.2%), and
immunoblastic lymphoma ( < 15.9%}). Immunoblastic lymphoma would probably
come before LP immunocytoma if the uncertain cases were included. Next in
frequency are lymphoblastic lymphomas (12.7%), most of which are un-
classified, and then comes centrocytic lymphoma (8.6%). Centroblastic
lymphoma is relatively rare (1.2%) in our material. This figure would
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Table 13. Incidence of different types of malignant non-Hodgkin’s lymphoma. Second series, collected
from October, 1973, through December, 1976, at the Lymph Node Registry in Kiel

Diagnosis n %

M.L. lymphocytic 413 20.7
B-CLL 345 17.3
T-CLL 5 0.25
Prolymphocytic leukemia 1 0.05
HCL 20 1.0
M.F. and Sézary’s syndrome 16 0.8
T-zone lymphoma 26 1.3

M.L. lymphoplasmacytic/-cytoid 355 17.8

M.L. plasmacytic 15 0.8

M.L. centrocytic 199 10.0

M.L. centroblastic/centrocytic 455 22.8

M.L. centroblastic 111 5.5

M.L. lymphoblastic 243 12.1
Burkitt type (B) 42 2.1
Convoluted-cell type (T) 116° 3.8+2.0°
Unclassified 85 42

M.L. immunoblastic 206 10.3

Total 1997 100.0

Unclassifiable 218 9.8

Total 2215 —

* Includes 40 cases where diagnosis was probable rather than certain
® Certain (3.8%) and probable cases (2.0%)

probably be much higher, however, if the cases earlier misdiagnosed as lympho-
blastic and immunoblastic lymphomas were included. Mycosis fungoides (M.F.)
and Sézary’s syndrome make up 1.4% of our non-Hodgkin’s lymphomas.
Primary lymph-node plasmacytoma is very rare (0.8%). The Burkitt type and the
convoluted-cell type of lymphoblastic lymphoma are recorded in Table 12 with
about the same frequency. Undoubtedly, the figure for the convoluted-cell
type is actually much higher (see Table 13), since a considerable number of
lymphomas of this type cannot be diagnosed reliably when the techniques used
are not optimal and when a cytochemical analysis is not performed. Such cases
are included in the group of unclassified lymphoblastic lymphomas. Hairy-
cell leukemia (HCL) is the rarest malignant lymphoma (0.4%).

Except for slight corrections, Table 12 is equivalent to the one we published
in 1975.7° The table presented here does not contain lymphoepithelioid-cell
lymphoma, however, because the exact nature of the cases that cannot be
classified as Hodgkin’s disease has yet to be determined. The large number
(150) of unclassifiable non-Hodgkin’s lymphomas has not been altered, even
though this has already been a reason for harsh criticism of our classification.
The figure is an honest admission of fallibility and therefore we had no right

70 LENNERT, MOHRI, STEIN and KAISERLING, 1975.
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Fig. 36. Age distribution and sex ratio of low-grade malignant lymphomas. (From LENNERT, MOHRI,
STEIN and KAISERLING, 1975)

to suppress it. The following factors were responsible for the large number
of unclassifiable non-Hodgkin’s lymphomas. Some cases could be diagnosed
with only a certain degree of probability, either because the technical quality
of the material was not good, or because there was not enough material. In
other cases a definitive diagnosis could not be made because cytochemical or
immunologic studies would have been necessary for specific classification of
the lymphoma, and the relevant data were not available. Borderline cases between
two defined entities made up another group of unclassifiable cases. Finally,
our lack of experience and the present state of knowledge were not sufficient
for a satisfactory diagnosis of a number of lymphomas.

The data given in Table 12 are based on the results of a joint study with
MomrI. After it was completed (September, 1973), we investigated another 2000
cases of non-Hodgkin’s lymphoma (Table 13). We found that the incidence
of the various low-grade malignant lymphomas was similar in the two series
(Tables 12 and 13). The incidence of the different types of high-grade malignant



110 Classification of Non-Hodgkin’s Lymphomas

n
801
70+
60
50 FAAN M.L.immunoblastic
\ ) -
/ N d.:Q=14:1
401 / A
J Y M.L. lymphoblastic
30+ /,/’ A — convoluted type
\ //' d:9=16:1
201 NS '\
. . A M.L. lymphoblastic
10 TSel e \\ Vo 49 = 210
./<‘-~ - . . —_ (incl. Burkitt's,
—" ST -, . excl. convoluted type)

10 20 30 4 50 60 70 80 90 yrs
Fig. 37. Age distribution and sex ratio of high-grade malignant lymphomas. (Revised version of
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lymphomas, however, revealed some differences that require comment here:
centroblastic lymphoma made up 5.5% of the non-Hodgkin’s lymphomas; lym-
phoblastic lymphoma of the Burkitt type, 2.1%; lymphoblastic lymphoma of
the convoluted-cell type, 3.8% (certain cases) plus 2% (probable cases;
i.e., in all about one third of the lymphoblastic lymphomas); and immunoblastic
lymphoma, 10.3%. We add these data here, not merely in confirmation of the
previously published incidence rates, but also because we would like to point
out some trends that resulted from the use of better techniques (e.g., cytochem-
istry, electron microscopy, and immunologic analyses) and from a better under-
standing of the high-grade malignant lymphomas.

Looking at the age distribution of non-Hodgkin’s lymphoma, the first thing
we notice is an important principle: low-grade malignant lymphomas virtually
do not occur before the age of 20 years (Fig. 36), whereas all high-grade malig-
nant lymphomas can occur in youth, at times with marked predominance in
the first decade (M.L. lymphoblastic; Fig. 37). In general, the peak frequency
of low-grade malignant lymphomas and M.L. immunoblastic lies in the 7th
decade, that of M.L. centroblastic/centrocytic (follicular lymphoma) in the 6th
decade.

The sex ratio usually shows a slight to moderate predominance in males.
The only lymphoma with a (slight) predominance of females is M.L. centro-
blastic/centrocytic. ‘



Part Four

Histopathology and Diagnosis
of Non-Hodgkin’s Lymphomas

K. LENNERT and N. MOHRI

I. Malignant Lymphomas of Low-Grade Malignancy

A. Malignant Lymphoma, Lymphocytic

Under this main heading we group all malignant lymphomas (M.L.) whose
essential components are lymphocytes or variants of them. The lymphocytes may
belong to either the B-cell or the T-cell series, or they may in exceptional instances
have markers on their surfaces for both types of cells. Accordingly, in the following
chapter, five subgroups of M.L. lymphocytic are discussed:

1. Chronic lymphocytic leukemia, B-cell type.

2. Chronic lymphocytic leukemia, T-cell type.

3. Hairy-cell leukemia.

4. Mycosis fungoides and Sézary’s syndrome.

5. T-zone lymphoma.

1. Chronic Lymphocytic Leukemia, B-Cell Type (B-CLL)

Synonyms: Chronic lymphatic leukemia
M.L. lymphocytic, well differentiated, diffuse Lymphosarcoma,
lymphocytic
M.L. small lymphocyte (Lukes and COLLINS)

History, Terminology. Chronic lymphocytic leukemia (CLL) has been a well-
recognized entity since VIRCHOW,! although admittedly it has never been clearly
delineated from “‘lymphocytic lymphosarcoma” and acute lymphoblastic leuke-
mia. This failure is especially apparent in studies of autopsy material, for exam-
ple, those of APiTz.? The reason is that in autopsy material the fine differences
between CLL and lymphocytic lymphosarcoma (which we now call M.L. centro-
cytic) and between CLL and small-cell acute lymphoblastic leukemia are obliter-

11847 2 1937a, 1940.
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ated owing to autolysis (cf., POPKES,® Fig. 1). Nonetheless, the autopsy enables
the pathologist to make macroscopic evaluations that allow him to distinguish
neoplasms with and those without tumor nodules or masses. The types with
tumor formation (‘‘sarcomatous variants”)* are characterized by nodular
infiltrations or tumor masses as well as diffuse infiltrations. In contrast, typical
CLL is distinguished by a purely diffuse infiltration of liver, spleen, and bone
marrow. The lymph nodes are generally only moderately enlarged and well
demarcated from one another. Histologically, the tumor nodules and masses show
an infiltrative and destructive growth pattern, whereas the ““pure”” leukemia shows
only infiltration of organs and tissues. Consequently, RoBB-SMiTH® and one of
the authors (K.L.)® included pure CLL without tumor formation among the
irreversible progressive hyperplasias, and separated it from sarcoma and from
CLL with tumor formation. Since, in agreement with the European Lymphoma
Club, we disposed of the concept of sarcoma, the question that now confronts
us is how to designate the cases of CLL with grossly visible formation of
tumors and microscopic evidence of destructive growth.

In order to better understand tumor formation in CLL, we have studied our
autopsy cases of CLL (a total of 107 in our collection). We found that 75.7%
of these leukemias were devoid of any formation of tumor. In 15.9% tumor
formation was obvious grossly, and in 8.4% it was questionable. Of the cases with
definite formation of tumor, 3.8% showed development of what we previously
called “‘lymphoblastic sarcoma” (see p. 131). In the remaining cases the tumor
cells were characterized as so-called prolymphocytes, which are somewhat larger
lymphocytes with relatively high mitotic activity, and there was destructive
growth (destruction of walls of blood vessels, for example). In eight out of 88
cases of CLL, GALTON’ found a locally aggressive behavior ; they were probably
equivalent to our cases of CLL with grossly evident tumor formation.

Whereas we did not find a transformation into “‘lymphoblastic’’ malignant
lymphoma in any of our biopsy material (probably incidental), we saw sheets
of prolymphocytes in several cases. They indicate a transition to a higher grade
of malignancy, corresponding to grossly recognized CLL with tumor formation.
We call this macroscopic and microscopic variant of CLL *tumor-forming
CLL” (see p. 115).

Shortly after CLL was recognized as an entity, it became apparent that
the disease develops in both leukemic and aleukemic forms. Therefore, a high
lymphocyte count in the blood is not the decisive criterion for the disease.
Accordingly, searches were made for other criteria. Lymphocytic infiltration
of the bone marrow was then considered by many clinicians to be the essential
criterion. Unfortunately, even that is unreliable, since every lymphoma can
also metastasize to the bone marrow and be evident in sternal puncture material,
without this meaning that a leukemia exists. Conversely, it is not yet clear
whether there are variants of CLL that initially do not infiltrate the bone
marrow.

31955, ¢ LENNERT, 1967.

4 LENNERT, 1964a. 7 1964.
3 1964.
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Consequently, the presence of neoplastic lymphocytes in the blood and infil-
tration of the bone marrow are not absolute criteria for CLL. In our opinion,
the pathologist should base his diagnosis on the morphologic changes in the
lymph nodes. Instead of speaking of CLL, we could be cautious and refer to
malignant lymphoma of the CLL type. Thereby we would not presuppose that
a chronic lymphocytic leukemia exists clinically. Nevertheless, we are convinced
that the histologic picture of the CLL type cannot appear unless CLL is clinically
manifest at some time or other. Future studies will have to prove whether
there are formes frustes that can behave like sarcomas described in the earlier
literature.

Origin of the Neoplastic Cells. We interpret the lymphocytes of the lymphoma
of the CLL type described here as B-lymphocytes, since we, and many other
investigators before us,® found B-cell markers on the surfaces of the neoplastic
cells. In most cases a majority of lymphocytes in the blood have surface
membrane-bound immunoglobulin (SIg). In addition, some have the complement
receptor and/or the IgG-Fc receptor (they are EAC or EA rosette-positive).
Conversely, T-cell markers (sheep-E rosettes, etc.) are not demonstrable on the
neoplastic cells. The type of Slg is usually the same in all of the neoplastic
lymphocytes ; a monoclonal proliferation of cells is therefore present. In contrast
to LP immunocytoma, the number of circulating lymphocytes containing intra-
cytoplasmic Ig is very small® or nil. Other new data are presented in Part Six.

Whether the cells are B;- or B,-lymphocytes is a question that remains
to be answered. Nevertheless, like SALMON and SELIGMANN,!® we are inclined
to assume that B-CLL as a rule is derived from B;-lymphocytes. We cannot
exclude the possibility, however, of a B,-cell origin, which is highly probable
for LP immunocytoma (see p. 213ff.). Irrespective of whether one regards them
as B;- or B,-lymphocytes, they are incapable in the host of transforming into
typical B-immunoblasts and joining the plasma-cell series. There is apparently
a block in the switch from nonsecreting plasma-cell precursors to secreting
plasma cells (Fig. 38).

Consequently, for us the criterion of CLL and the characteristic distinguishing
it from LP immunocytoma is the inability of the cells to become actively secreting
B-cells. The lymphocytes of CLL bear immunoglobulin only on the cell surface
and not in the cytoplasm. Therefore, a monoclonal increase in immunoglobulin
does not occur in typical CLL. The cases of CLL with paraproteinemia reported
in the literature!! are probably leukemic immunocytomas.

In compliance with common hematologic usage, we call the *‘blocked,”
underdeveloped immunoblasts of CLL “‘lymphoblasts.” It would be better to
call them ““paraimmunoblasts.” They differ from typical immunoblasts in the

8 WiLsoN and NossAL, 1971 ; PREUD’HoMME and ~ !° 1974.

SELIGMANN, 1972; AISENBERG and BrLocH, 1972; "' E.g., HENNEMANN and RATHENOW, 1955;
AISENBERG, BLocH and LoNG, 1973; SILBERMAN BRAUNSTEINER and SAILER, 1960; MiCHAUX and
and SCHREK, 1974; COHNEN, 1974, Lit. HEREMANS, 1969, Lit.; WALDENSTROM, 1970, per-
9 KNAPP, ScHUIT, BoLHuls and Humans, 1974; sonal communication.

RUDDERS, 1976.
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Fig. 38. Hypothetical origin of tumor cells of B-CLL is shown in the dark blue areas. A second
possibility is shown in light blue. There is no evolution in the direction of plasma cells or lympho-
plasmacytoid cells

weaker basophilia of the cytoplasm and nucleolus. Apparently, they can be
produced from the lymphocytes of CLL in tissue culture.'?

The lymphocytes of CLL have a number of special properties that distinguish
them from normal lymphocytes.'* Some of these properties express themselves
in morphologic changes. First, the cell surface is profoundly altered.'* That
may explain why the lymphocytes of CLL fail either in large part or completely
to recirculate.!® Another explanation for the restricted recirculation might be
the great decrease in the number of epithelioid venules in lymph nodes'® involved
by CLL. It seems unlikely, however, that such a decrease in venules is solely
responsible for the restricted recirculation, since T-lymphocytes seem to recircu-
late freely through the veins of lymph nodes involved by CLL,'® whereas leukemic
B-lymphocytes do not. Secondly, greatly increased amounts of glycogen can
be demonstrated in the leukemic cells,!” representing that which is not utilized.'®
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Thirdly, the number of acid phosphatase-positive lysosomes is greatly reduced
and correlates with the low activities of acid phosphatase and S-glucuronidase
in the leukemic lymphocytes.!® The fragility of the lysosomal membranes is
also increased.?® Fourthly, there is a marked reduction in the number of protein-
synthesizing ribosomes.?! Fifthly, the activity of the surface enzyme ATPase
is higher than that of normal lymphocytes.??

With respect to kinetics, TREPEL and ScHick?® emphasized that only blast
cells larger than 9 pm proliferate and that the rate of proliferation is high
in lymph nodes and low in bone marrow. BREMER?** has presented a survey
of the kinetic data.

Definition. CLL of the B-cell type (B-CLL) histologically shows proliferation
of small lymphocytes, among which at least a few “lymphoblasts” (paraimmuno-
blasts) and prolymphocytes are always to be found. The pattern of the neoplasm
is in principle diffuse; but in most cases it reveals small or large, light areas of
proliferating cells (no follicles!). The blood lymphocyte count is usually higher
than normal at the time of lymph-node biopsy. The bone marrow is always
infiltrated. Paraproteinemia does not occur.

Subclassification. In analyzing our cases, we found that we could histolog-
ically distinguish three variants of CLL:

1. A diffuse type without focal proliferations (and with only occasional
“lymphoblasts™).

2. A pseudofollicular type with focal proliferations of ““lymphoblasts’ and
prolymphocytes (Fig. 42).

3. A tumor-forming type with extensive areas of prolymphocytes and fewer
“lymphoblasts’’ that occupy one third to three quarters of the lymph node,
whereas the remaining part contains chiefly lymphocytes (Fig. 43).

These three subtypes reflect three grades of proliferative activity. The activity
is low in the diffuse subtype, high in the tumor-forming subtype, and lies
in between the extreme variants in the pseudofollicular type. The pseudofollicular
and tumor-forming types probably correspond’to so-called active CLL.%3

Occurrence. B-CLL represents 11.8% of all malignant lymphomas, assuming
second place among the non-Hodgkin’s lymphomas in our first series, of which
it makes up 20.9% (Table 14). The disease is actually considerably more com-
mon, since many cases are diagnosed clinically without biopsies of lymph nodes
being made. In Schleswig-Holstein we diagnose 0.42 cases per 100,000 population
from lymph nodes each year.?®

Of the subtypes, the pseudofollicular type (2) predominates with 88.4%,
followed by the diffuse type (1) with 4.1% and the tumor-forming type (3) with
2.3%. In 5.2% of our cases an exact subclassification was not possible.

Y9 BRITTINGER, KONIG, ABERLE and ZIMMER- 22 MULLER-HERMELINK and KAISERLING, 1975,
SCHITT, 1970 ; BRITTINGER, KONIG, COHNEN and 23 1976.

ABERLE, 1970; DouGLas, COHNEN, KONIG and 2% 1975.

BRITTINGER, 1973; COHNEN, 1974, Lit. 25 KnoseE, LoEB and HUGULEY, 1974

20 KONIG, BRITTINGER and COHNEN, 1973. 26 LENNERT, 1969b.

2! BILLINGTON and ITZHAKI, 1974.
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Table 14. CLL. Material and incidence

Total No. of cases 368
Biopsy 261
Autopsy 107

Total No. of biopsies* 273
Lymph nodes 261
Extranodal 12

Incidence in routine lymph-node biopsies® 176
=11.8% of malignant lymphomas
20.9% of non-Hodgkin’s lymphomas

2 In this and all other material and incidence tables, the number of biopsies means those
collected at the Lymph Node Registry in Kiel. The material is, to some degree, selected.
? Unselected biopsy material routinely collected at our Department.

In 201 cases blood counts made at the time of biopsy and occasionally
later were available to us for study. We rated lymphocyte counts of over 4000/
ul with the leukemic forms. When the differential blood count was not available
(infrequently), we regarded a total leukocyte count of over 11,000/ul as leuke-
mic. Using these criteria, 75.5% of all cases were leukemic. Differences between
the subgroups were not significant and must be investigated further.

The age distribution curve has a sharp peak in the seventh decade when
both sexes are analyzed together (Fig. 39). The peak is the same as that when
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Fig. 39. Age distribution and sex ratio of B-CLL (n=250), diagnosed in lymph-node biopsies
at the Lymph Node Registry in Kiel
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Table 15. Clinical symptoms of 66 CLL patients of the Kiel Lymphoma Study Group (STACHER,
WALDNER and THEML, 1976)

Symptom n* % positive
Fever >38°C 52 19.2
Weakness 66 55.0
Loss of appetite, weight loss 38 26.3
Night sweat 23 39.1
Symptoms of allergy 15 20.0
Arthralgia 56 12.5
Enlargement of lymph nodes S0
Slow 78.0
Rapid 22.0

* n=number of patients for whom data were available

men are analyzed alone, whereas for the women in our material there is a
plateau between the seventh and eighth decades. The difference in frequency
between the sexes may be due more to the makeup of the population than
to the nature of the disease (the loss of men in World War I would affect
the number living to the eighth decade). The youngest patient was only 24
years old, a most unusual exception. Even the number of patients in their
thirties is very low. CLL actually never occurs before the third decade of life.
On the other hand, it appears at all advanced ages. Our oldest patient subjected
to biopsy was 84 years old. Some of those whom we autopsied were older
than 90 years. The median age is 64.5 years. There seems to be a slight difference
in age distribution of our patients with the pseudofollicular and diffuse types:
the diffuse type shows an abrupt increase in the eighth decade.

That the male sex is more often afflicted is clearly evident from the male-
to-female ratio of 1.47:1 (or 59.5%).

B-CLL is extremely rare in Japan. Among the Chinese and Japanese living
in America the disease occurs much less often than among the Caucasians.?’

Clinical Manifestations. The clinical picture of CLL is well known and will
not be discussed here. Nevertheless, we shall present the clinical data on our
material, which may differ from the clinical picture ordinarily seen in typical
cases of CLL, since the lymph nodes in our collection were sometimes removed
and investigated because of an unusual clinical presentation.

The following data of the Kiel Lymphoma Study Group were collected
by TueML?® and published by STACHER efal?® They were based on 66
patients. It should be mentioned that all values were not available in all cases.
Table 15 shows the frequency of general symptoms, fever, and ‘‘allergic™ phe-
nomena. The lymph nodes enlarged slowly in 78% of the patients, rapidly
in 22%. In 15% no increase in lymphocytes was evident in the blood (<4000
lymphocytes/ul; Table 16). Enlargement of lymph nodes both above and below

27 SHIMKIN and LOVELAND, 1961. 29 STACHER, WALDNER and THEML, 1976.
281975, personal communication.
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Table 16. Lymphocyte counts in peripheral blood of 65 CLL patients of the Kiel Lymphoma
Study Group (STACHER, WALDNER and THEML, 1976)

Lymphocytes/pl %
<2,000 7.7
2,000— 4,000 7.7
4,000— 5,000 7.7
5,000~ 10,000 18.5
10,000— 20,000 12.3
20,000 — 50,000 15.4
50,000 — 100,000 12.3
100,000 —200,000 7.7
> 200,000 10.7

Table 17. Hemoglobin, thrombocytes, RBC sedimentation rate, and immunoglobulin in blood of
CLL patients of the Kiel Lymphoma Study Group (STACHER, WALDNER and THEML, 1976)

Values n? %
Hemoglobin 78
>13.1g-% 48.7
13.0—10.1 g-% 359
10.0-8.1 g% 9.0
<8.0 g% 6.4
Thrombocytes < 100,000/ul 65 23.1
RBC sedimentation rate 74
Normal 55.4
Slightly accelerated (up to 20/33) 27.0
Moderately accelerated (up to 50/82) 10.8
Greatly accelerated 6.8
Immunoglobulin in serum 40
IgG Normal 60.0
Increased 5.0
Decreased 35.0
IgA Normal 50.0
Increased 2.5°
Decreased 47.5
IgM Normal 55.0
Increased 2.5
Decreased 42.5

* n=number of patients for whom values were available
® Increase in IgG and IgA in one case

the diaphragm was established in 80% of the cases. The bone marrow was
infiltrated in all cases. Slight to severe anemia was found in only 51.3% of the
cases (Table 17). Coombs-positive immune-hemolytic anemia was not demon-
strated. In 23.1% the number of blood platelets was reduced. The RBC
sedimentation rate was normal in 55.4%; otherwise it was slightly to highly
elevated.
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Table 18. Localization of biopsies in CLL

Localization n Y%

Lymph nodes 249 95.4
Cervical 106 49.3
Axillary 60 27.9
Mediastinal 1 0.5
Abdominal 7 3.2
Inguinal 41 19.1
Cubital — —
Unknown 34 —

Extranodal 12 4.6
Bone marrow
Spleen
Tonsils
Others

- — ot
|

Total 261 100

The immunoglobulin level was normal or decreased. Only five cases, originally
diagnosed as CLL, showed an increase in Ig, namely, monoclonal IgG in three
cases, and IgE and monoclonal IgA in the other two cases. We therefore studied
the slides again and realized that, in fact, three cases showed the features of
LP immunocytoma. Two cases were still indistinguishable from typical CLL
with a pseudofollicular pattern. In one of these two cases, however, a new
biopsy was performed, and it clearly showed the morphology of LP immunocy-
toma. That permits the conclusion that a case of “CLL” with paraproteinemia
is in all probability an *immunocytoma,” even if we cannot identify it as
such in a given lymph node. It might be identifiable in another localization
of lymphoma proliferation. That demonstrates the close relationship between
CLL and LP immunocytoma.

Localization. Table 18 lists the sources of the excised lymph nodes. It shows
that 49.3% of the lymph nodes were removed from the cervical region, 27.9%
from the axillary region, and 19.1% from the inguinal region. Lymph nodes
from internal regions (mediastinal, abdominal) were submitted for study only
rarely (0.5% and 3.2%, respectively). These numbers give us no information
about the actual distribution of the disease in the various chains of lymph
nodes.

Gross Appearance. In B-CLL the lymph nodes are usually only slightly
to moderately enlarged and from soft to moderately firm. They are easily sepa-
rated from one another. If large tumor masses or large lymph-node conglomer-
ates have developed, then the histologic picture is in most cases that of the
tumor-forming subtype. Sometimes there is also massive enlargement of lymph
nodes in the pseudofollicular type.

Histology. In all subtypes of B-CLL the structure of the lymph nodes is
completely effaced. Only rarely are remnants of noninfiltrated lymphatic tissue



Fig. 40a—. B-CLL. Lymph-node capsule with silver staining. (a) The capsule is thin, but not

infiltrated. Marginal sinus cannot be identified. (b) Leukemic infiltration of the capsule without

destruction. The marginal sinus is obliterated by lymphocytes. (¢) Triangular area comprising the

capsule and a trabecula with massive lymphocytic infiltration. &, 51 years. Cervical node. Gomori.
(a, b) x 175, (c) x 140
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Fig. 41. B-CLL with Giemsa staining. Area of proliferation. Note one paraimmunoblast (““lympho-
blast” pib), some prolymphocytes (ply), and one mitotic figure (mi). There are a moderate number
of small lymphocytes. &, 70 years. Cervical node. x 1,550

left behind, for example, germinal centers with or without mantles of lympho-
cytes. It is difficult to decide where the infiltration begins. Sometimes one
has the impression that it arose in the medullary region. In one case we found
the infiltration exclusively in the outer cortex, in a somewhat nodular manner
reminiscent of primary follicles. The sinuses are always narrow and hardly
recognizable. That is especially true for the marginal sinus (Fig. 40). Here the
lymphocytes accumulate up to the capsule, but do not destroy it. Infiltration
of the capsule is only sometimes evident. On the other hand, lymphocytic
infiltration is often found in triangular areas where the trabeculae branch off
from the capsule. Rather massive infiltrates of lymphocytes are often de-
monstrable in the surrounding adipose tissue. The capsule of the lymph node
usually remains intact and can be identified as such.

The reticulin fibers are few to moderate in number and mostly thin, at
least thinner than in M.L. centrocytic. They form a relatively regular network
throughout the lymphomatous tissue, in contrast to centrocytic lymphoma, in
which they envelop large masses or groups of cells.

Cytologically, small lymphocytes predominate. They are, however, somewhat
larger than the preexistent normal small lymphocytes they have replaced
(Fig. 41). They are also larger than the leukemic lymphocytes circulating in
the blood.*® So-called lymphoblasts (paraimmunoblasts) are always found

30 PoOPKES, 1955.
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Fig. 42. B-CLL, pseudofollicular subtype. Note the light areas irregularly distributed throughout
the lymph node. They should not be confused with neoplastic germinal centers. &, 41 years.
Axillary node. Giemsa. x 56

among the lymphocytes. They have medium-sized to large, usually oval nuclei
with fine chromatin and usually single, large, central nucleoli. These nu-
cleoli are slightly basophilic, that is, they stain gray-blue to gray-violet with
Giemsa. The cytoplasm is moderately abundant and, in contrast to that of
lymphocytes, readily seen. With Giemsa it stains gray-blue, unlike the dark
blue cytoplasm of immunoblasts or centroblasts.

Finally, so-called prolymphocytes are always present, particularly in the
neighborhood of “lymphoblasts.” They are a type of lymphocyte that is dis-
tinctly larger than the small lymphocytes, which predominate, and their chroma-
tin is lighter. Their nuclei are generally round or oval, but are occasionally
irregular, resembling somewhat those of centrocytes.

Mitotic figures are found chiefly among the ““lymphoblasts” (paraimmuno-
blasts), at times also among the prolymphocytes, but not among the small
lymphocytes.®! The mitotic activity depends upon the number of these ‘imma-
ture” cells. The more numerous the ““lymphoblasts” and prolymphocytes, the
higher the mitotic activity, and vice versa.

The number of “lymphoblasts” and prolymphocytes also determines the
subtype of CLL. When there are only very few “lymphoblasts” and prolympho-
cytes present, the picture is that of a diffuse type. When greater numbers

31 Kinetics of CLL: see RUBIN, HAVEMANN and  ScHICK, 1973; THEML, TREPEL, SCHICK, KABOTH
DAMESHEK, 1969 ; CRONKITE and SCHIFFER, 1970; etal., 1973.
TREPEL, THEML, SCHICK, SCHNEBLE et al., 1972;
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Fig. 43a and b. B-CLL, tumor-forming subtype. (a) The left half of the picture and a smaller

focus at the lower right reveal cells that are lighter and larger than those in the rest of the

field. (b) The same lymph node with silver staining. The lower half of the picture is equivalent

to a lighter area of (a). Note the small number of reticulin fibers in this area, in contrast to

the high fiber content of the surrounding lymphocytic infiltration. &, 51 years. Cervical node.
(a) PAS, (b) Gomori. (a, b) x 56
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Fig.44a and b. B-CLL, tumor-forming subtype. (a) Dark area containing chiefly lymphocytes

and some prolymphocytes and paraimmunoblasts (“‘lymphoblasts™). &, 51 years. Cervical node.

Giemsa. x 560. (b) Light area consisting only of polymorphic prolymphocytes. @, 52 years. Inguinal
node. Giemsa. x 875

of these cells are evident, they are generally clustered as proliferating aggregates;
this is the pseudofollicular type (Fig. 42). When prolymphocytes proliferate
excessively, we speak of the tumor-forming type (Fig.43). The “lympho-
blasts™ in this instance are relatively small and difficult to differentiate from the
prolymphocytes (Fig. 44). When histologic sections from these cases are held up
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Fig. 45. B-CLL, tumor-forming subtype. Section of tumor mass in the pelvic region. A relatively
large vein has been destroyed by the tumor. A small artery is intact. Autopsy case. &, 63 years.
Van Gieson. x 70

against the light and examined with the naked eye, large lighter regions are conspic-
uous. TRUJILLO ef al.?? illustrated these regions well in Figure 4 of their paper.

Furthermore, the tumor-forming type is characterized by an especially promi-
nent histologic feature that is probably not seen in the other types. The neoplastic
cells grow destructively and destroy veins, especially the small and medium-sized
vessels (Fig. 45). In addition, the adventitia of arteries and arterioles is often
split open by tumor cells. In one case we encountered undifferentiated tumor
cells of medium size, which we were unable to classify with the ““lymphoblasts”
or prolymphocytes. They had medium-sized polymorphic nuclei with medium-
sized nucleoli. They were aggregated in and about small and medium-sized
arteries and veins. Not only were the vascular lumina filled with tumor cells,
but portions of their walls were also invaded and destroyed by them. Previously,
one would have without doubt described this picture as sarcomatous transforma-
tion. The capsule and trabeculae of the lymph nodes from this case were notably
still completely intact. The tumor cells directed their aggression apparently
only at blood vessels.

The tumor-forming type also differs from the other types in its reticulin
network. The sheets of prolymphocytes are virtually free of reticulin fibers
and therefore contrast well with the relatively fiber-rich lymphocytic regions
of the leukemically infiltrated lymph nodes (Fig. 43b).

Besides the lymphoid cells mentioned, other types of cells are rarely found.
Mast cells are uncommon. There is no increase in reticulum cells. Occasionally,
small clusters of interdi