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FOREWORD

Since 1938 the International Academy of Pathology has held annual
courses on the pathologic anatomy and pathologic physiology of rarious
organ systems Past subjects have included lung, liver, heart, erythrocyte, skin,
and bone. The program for each course has been developed by Dr. F. K.
Mostofi, Secretary-Treasurer of the Academy, with the assistance of the re-
spectine moderators These courses have proved both valuable and increas-
mgly popular For those attending, the material presented by outstanding
authorities has been an excellent review of important aspects of normal and
abnormal structure, function and development

In accordance with the expanding educational activities of the Academy,
s Coutter! has decided ta sponsor a series of haols, Manographs in Pathol-
ogy, to publish the material from us courses, which bring together in
organized fashion essenual information not otherwise so comveniently avail-
able Tlus will give access to the course material to those unable to attend
and will provide a lasting source of reference for those who do attend. The
many requests for such a publication give the Counal confidence that 1t and
succeeding volumes will be useful

Thus mual volume, Fhe Lymphocyte and Lymphocytic Tissue, contamns
the material from the course moderated by Dr John W Rebuck at the 1959
Academy meeting in Boston The second monograph will contain the pro-
ceedings of the 1960 course to be held in Memphis, Tennessee, on “Patho-
logic Physiology and Pathology of the Adrenal Cortex.” with Dr Henn
Moon as moderator

These monographs will contribute to the detelopment of the reference
hterature n the field of pathology Manuscripts selected for publication
this series will meet the highest standards of scientific authentieity and edu-
cational value While the first volumes of the Monographs in Pathology will
consist of the courses mentioned, the Counal of the Academy hopes also to
develop other types of monographs by individual authors or 1 symposium

x
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PREFACE

Tar-reaching advances i our knonledge of the lymphocyte have merited
this present evaluation First, Downey and his students supplemented in-
formation gamed by histologic techniques with the advanced cytologic
information to be obtained by imprints of lymphocytic tissues. Next Dough-
erty and White and the Harrises demonstrated antibody formation by lym.
phocytes Soon therealter study of human skin windows revcaled that
Iymphocytes were the major mobile source of macrophages in the inflamma-
tory exudates of man. Integrated with all these findings was the realization
afforded by the work of Ottesen and Hamilton of an exceptionally long life
span possessed by lymphocytes, a life span now measured in weeks and
months instead of m hours or days The viral etiology of neoplasms of the
lymphocyte 15 now well documented by the experiments of Gross and
Schwartz Added to these must be the ultrastructural descriptions of Bessis
and Low, the ascertamment by Dougherty and lus associates of an exquusite
sensitivity of normal Iymphocstes to certain steroids notwithstanding the
refractoriness of theiwr leukemic counterparts, the somewhat sumlar re-
sponse 1o rrradiation pownted out by Schreh—all are facets of the newer
knowledge of the lymphocytes presented (n the followng pages.

Jonun W Resuch
Detroit
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¥ Foreword

form which will contribute to our knowledge of pathology, to the traimng
of pathologists, and to the development of the discipline, Comments and
suggestions from readers of this volume will be most welcome,

RoperT E STOWELL

President,

International dcademy of Pathology
Waslngton, D.C.



PREFACE

Far.reaching advances in our hnowledge of the lymphocyte have mented
this present evaluation. Iirst, Downey and his students supplemented in-
formation gained by histologic techniques with the advanced cytologic
information to be obained by imprints of lymphocytic tissues. Next Dough-
erty and White and the Harrises demonstrated anubody formation by lym-
phocytes Soon thereafter study of human skin windows revealed that
Iymphocytes were the major mobile source of macrophages in the inflamma-
tory exundates of man, Integrated with all these findings was the realization
afforded by the work of Ottesen and Hamilton of an exceptionally long hie
span possessed by lymphocytes, a Ife span now measured in weeks and
months instead of 1 hours or days The viral euology of neoplasms of the
lymphocyte 1s now well documented by the experiments of Gross and
Schwartz Added to these must be the ultrastructural descriptions of Bessis
and Low, the ascertamment by Dougherty and lus assouiates of an exqusite
sensitivity of normal lymphocytes to certain steroids notwithstanding the
refractoriness of their leukemtc counterparts, the somewhat similar re-
sponse to 1rradiation pointed out by Schrek—all are facets of the newer
knowledge of the Iymphocytes presented in the following pages

Joun W. Resuck
Detroit
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CHAPTELER !

LYMPHOCYTES:
ORIGIN, STRUCTURE, AND
INTERRELATIONSHIPS

R. DOROTHY SUNDBLRG

In a previous review (1935) ! on lymphocytes and plasma cells, I summar-
1zed much of the current literature pertaining to the problems of ongin,
development, mterrelationships, and possible functions of these two cell
types Currently my task 1s similar, but since the interpretation of the results
of modern labeling techniques®® has suggested that lymphocytes are reutil-
1zed 1n the formation of lymphocytes and that arculating blood cells (lym-
phocytes of some type or monocytes)® are capable of dwviston, I plan to
present itlustrations that may proye useful 1n respect to both of these facets of
the problem

In this regard, the morphologic features characterizing the cells commonly
found in the germinal centers will be reconsidered, and the reasons for ack-
nowledging somewhat different cell tyes within germunal centers will be
re-emphasized

LYMPHOCYTOGENESIS

The ongm and development of lymphocytes are difficult to study because
lymphatic tissue consists of a varzable mixture of retrcular connective tissue
with 1ts vascular supply and perivascular cells, lymphocytes, plasma cells, his-
tiocytes, macrophages, and a few cells that might be classified as monocytes.
In normal lyinph nodes mitoses may be found mn any part of the node, but
they are most numerous in the germinal centers of Flemming where one finds
macrophages with stainable bodies™ as well as developing lymphocytes and
plasma cells Considered on the basis of the bulk of lymphatic tissue, mitoses

1



2 The Lymphocyte and Lymphocytic Tissue

are relatively sparse, and thus an apprectation of which cell types divide is
difficult to attain. The exact nature of the dividing cell is seldom indisput-
able; one judges the cell type for the most part on the basis of the size of the
mitotic figure and the nature of the cytoplasm, both of which are altered by
the process of division.

Studtes of section and imprint materjal from human lymph nodes have
resulted in the conclusion that there are many transitional stages® of develop-
ment from reticular cells to lymphocytes; mitoses occur in all of the stages
of development, but they appear to be exceedingly rare in cells comparable to
the small lymphocytes of the blood. Mitoses have been said to be most nu-
merous in the meditm-sized and large lymphocytes of lymph nodes”* but it
should be realized that these cells only rarely are found in the circulating
blood. In mfants and in laboratory animals, immature Iymphocytes and retic-
ular lymphocytes are regarded as possible constituents of the blood.

A previous concept of lymphocytogenesis,™ ® with which the late Dr. Hal
Downey agreed, can be expressed in the following schema

Sections of lymphatic tissue Impnnts of lymphatic tissue
Primitive reucular cells Primiuve rencular cells
{m1toses) {mitoses)

v
Giant and large lymphocytes Hematoporetic reticular cells
(hemocy toblasts) (reucular blast forms)
(mitoses) (mitoses)
v
Medtum-stzed Jymphocytes Reticular hmphocytes
{muitoses) Immature lymphocytes
{prohymphocyts)
(muroses)

Small lymphocytes
{mutoses rare}
Large medin sized, and small lymphocytes
(mrtoses rare)

The cells that functzon as lymphoblasts of the node have been considered
as prageny of retcilar cells tn order to explain one facet of the pracess of
tymphocytogenesss,’ 7' bue the fact that lymphocytes may enlarge and be-
come mndistinguishable from histrocytes, macrophages, and retrcular cells has
been demonstrated by many mestigators 1% This reverse (?) transforma
tion of lymphoucvtes to large basophtlic cells resembling hematopoietic reu-
cular cells'” has been achnow ledged,*® and the fact of ultimate transformation
of these cells to histiocytes, macrophages, epitheliod cells, grant cells, and
fibroblasts has become part of the general morphologic understanding of n-
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flammatory reactions, The fact that some type of hlood cell (Iymphocyte?)
can even become an epithehal like cell in tissue culture has been described
and illustrated by Berman.!™

An intrigning and plausible concept is that of Trowell'™  who suggested
that reticulum cells containing phagocytosed lymphocytes may develop to the
more rounded precursors of lymphacytes while still contaiming visible re-
mams of ingested lymphocytes, He felt this concept would explain the life-
span data of Hamilton? 3 and others®** and offers this morphologic explana-
tion of reutilization of lymphocytes as well as of lymphocytogenesis With
this in mind, he is prepared to dispense with the primitive or undifferentiated
reticulum cell and to propose instead that there 1s but one type of reticulum
cell

This concept seems refreshing and acceptable, but whether or not 1t covers
all situatons is difficult to say, Yofley® is not prepared to endorse this whole-
heartedly because phagocytosis, lymplhocytolysis, and lymphocytogenesis are
unequally represented m germinal centers and other areas of lymphocyto-
genesis, and the association of macrophages and mitotic figures is not clear-
cut.

Here 1t should be emphasized that for many years Downey stressed that
reticular cells had diverse functions (phagocytosis, storage, support, and lin-
ing as well as hematopotests), but he ako considered the cells sufficiently
versatile to do more than one thing at ence Examples of this include: the
abality of the Gaucher cell to phagocytose erythrocytes and contain hemosid-
ermn as well as to store herasin®® and the ability of the hematopotetic reticular
cells of leukemtc reticuloendothelioss to he actively phagocyvtic ¥ < Dow-
ney's tllustrations of the “histiocytes” of subacute bacterial endocardits show
the transformatian of thss type of cell to a monecyte ® One of the reticular
cells (Frg 27 1n Reference 29) contains a dark body wluch might well be nu-
clear debrs

I have spent many years wondering what the macrophages of the bone mar-
row do with the many things they ingest i foto (erythracytes, normoblasts,
neutrophuls, lymphocytes, platelets, and occasionally other cell types as well
as 1ron, melanin, and umdentified stainable materials) My preoccupation
with storage wron*® "t and melanin®™ #¢ has Lept me from mvestigating the
other cytoplasmic contents of these macrophages sufficiently thoroughly to
draw definite conclusions concerning disposition of these cytoplasmic con-
tents (In the case of reticular cells containing phagocytosed erythrocytes or
1ron, [have assumed that the reticular cells were processing the red cell or the
tron for reunihzation In the case of reticular cells contaimng numerous neu-
trophuls and their autolyzed remamns—in the absence of agranulocytosis—I
have tried unsuccessfully to correlate this with hyperuricera and have
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wished to spend time investigating methods of staining these autolyzed re-
mains for the degradation products of nucleic acid.)

1 did not concern myself with the stainable Korper of reticutum cells in my
previous studies not because they were not interesting but rather because I
felt I had seen morphologic evidence that seemingly nonphagocytic reticular
cells rounded up to produce blast forms. My illustrations attest the difficulty
Ihad, for our undifferentiated reticular cell (Fig. 7 in Reference 18) from the
lymph node of a rabbit does contain phagocytosed lysed material in its cyto-
plasm (upper left corner, Fig. 7 in Reference 13) and one of my later cells

[ TR 3
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IS4
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e VGRS b

T e o B R e

Fic 1.} Section of germunal center of Inperplastic lymph node
Note retrcular cells with stanable bodies Note also numerous
nitotic figures (X 410)

(human lymph nodes) (Fig. 2 in Reference 8) nas admittediy a “potential
phagocyte” Even the undifferentiated reticular cell shows an intracyto-
plasmic, oval, white inclusion (vacuole?) in the psendopod-lihe process
extending to the right trom the nuclens (Fig 1 in Reference §)

With Trowell's hypothesis it mind, I have reviewed some of the material
1 used 1n the previous studies® 1* and have confirmed the fact that morpho-
logically there does appear to be a complete series of lymphocyte-eaung and
lymphocyte-digestng cells, the lase cells of the sertes may show a remarkable
resemblance to cells I believe to be capable ot funcuoning as precursors of
lymphocytes (hematopotetic reticular cells and reticular lymphocytes) Tihus
sertes of cells 1s llustrated 1n Figures 1-1 through 1-8
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Of partcular interest to me have heen the types of cells shown m Figures
19 through 1-12. Many of these reticular cells have nuclear patterns coarser
and more definitive m morphology than those seen in the usual blast forms
(hematopoetic reticular cells) of leukemic reticuloendotheliosis. The nuclei
are comparable to the nuclei ol histiocytes and macrophages, and the cyto-
plasm often has no clear delumiting membrane. These reticular cells are
comparable to the hemohistioblasts of I'errata™ and are often confused with
cells that are actnally damaged cells (with ruptured nuclear membranes and

F} o Se g3y
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e°":0~ I L

So SN o QW bt
e e
B R :“f-‘.:;»;::ff;‘!:i): i,

i <o o k{)‘
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SRl O RSP SR LY,

Fic 12 Impnnt from part of germinal center of syme lymph
node shown 1n Fig 1 1. Note 5 mitotic figures (arrows) and reticular
cell with stanable bodies (engulfed lymphocytes 1in various stages
of digestion) designated by X Note plasma cell abose phagocyte
(x 220)

frayed cytoplasm) , but since the former undergo mitosts even without appar-
ent intact cytopl b darses, I have 1 that they are not just
damaged cells but rather are probably the cells that are most comparable to
the fived reticular cells This same cell type can be found in small numbers
tn films of nonleukemic bone marrow where agam 1 have thought 1t was
probably one of the fixed reticular cells that had torn loose from s syn-
cytum

1f one combines the morphologic eviderice gleaned from exarmnation of the
transitional forms from phagocytic reticular cells (Figs 1-2 through 1-6) to
reticular cells 1n which the evidence of previous phagocytosis 1s obscure (Figs.
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Fic 1.3 One large reticular cell contans 5 obvious stages in the
degencration and digestion of lymphocytes This imprint 1s near
same area shown m Fig 12 The arrow paints to a white hine, the
edge of the cytaplasm of the reticular cell, which 1s covering the
Lymphocyte A simular edge 1s seen over the lymphocyte at the 9
o'clock position (X 860)

o}

%
5

% els 0
,“‘73@‘ o
R I o

Fic 11 Two large reticular cells from area near or in same

germunal center shown in Fig 12 Note various stages of degencra-
ton or digestion of engulfed cells (x 800)



Lymphocytes: Origin, Shucture, and Intenselationships

Fie 15 Note rencular cell contaimng remuns of Iimphocytes
and reticular [ymphaocyte near center of fiekl Note immature lmpho-
te at fower nghthand corner Imprint s near area shown m Fig
12 (x 800)

I DO ok

n“‘“ﬁm 2 ¢

Fic 16 Note from left to nght hematopoieuc reucular cell
revicular ccll contaming engulled ymphocyte reucutar lymphocyte,
and reucular cdll containing stamable bods Note also the mrtotic
figure above central reticular cell Tmprint 15 near area shown tn
Fig 12 (x 800)



Fic 17 Large reticular cell contains flocculent masses in ¢ytoplasm
{cellular debris) Most of the perspheral porvon of the cell is sur
rounded by Iymphocytes. An immature Iymphocyte 15 embedded in
the cytoplasm just to the right of the nucleus Imprint s near area
shown m Fig 12, (x 800)

Fic 18 Note 2 simslar retscular cells which sull show evidence
of previous phagocytosis (Compare these cells with that i Fig 17
and those rctculur cells with coarse nuclear pattern in Figs 10
through 112) In the cells shown above, the cytoplasm (“ectoplasmic
portion”) extends out much farther from the nucleus than 1s appar-
ent at first glance Imprint is near area shown i Fig 1.2 (X 800)

8



Lymphocytes: Origin, Stiucture, and Interrelationships 14

1.7, 1-8) to the “hematapaietic reticular cells™ in the blood in leukemic reti-
culoendotheliosis (Figs. 1-9 through 1-12), it is apparent that Trowell's hy-
pothesis® # can be supported by material seen in dry films as well as in sec-
tions I failed to recognize this evidence prior to reading his papers. In 1947 1
provided illustrations (Figs. 1 aud 2 of Reference 8) of cells which are obvi-
ously “histiocytic” to emphasize the fact that the hematopoietic reticular cell
in Figure 1-3 bad a reticular nueleus, but I did not recognize the significance
of my illustrations.

o MO o
2, Qé\)j .&bé‘JO 27

Fic 19 Blond filn {rom leukemic reticuloendothelious Nate
(e nucleus of rascular cell i center, the cytoplasm of ths cell
has andvtinee penpheral boundanies (This reacular cell 15 re-
markably simular to the phagecytic reticular cells of the Iymph
node imprings) The rettcutar cell to the Teft and below 1t 13 vr
talty :dentncal wish ot but the gytoplasm 15 hyaling, almaost
colorless, and distinctly bounded This 15 a hemitoparetic reucular
cell as 15 the cell ta the nght of 1t but the latter shows a more
Ieptochromauc nuclear putern and more cytophsmic bisophilia
(% 80D)

Histochermnical analyses of the phagocyuc cells utilizing desoxyribonuclease
and nibonuclease should gise somse msight mto the nature of the cytoplasmic
contents of many varyng colors, which contents seem ta have been confused
with the cell's own gytopl < Utilizing it 1 we have
remosed the basophilic component from cells of the bone marrow, including
osteoblasts, 335 and have demonstrated that subsequent to this procedure,
alkaline phosphatase 1s still present 1n osteoblasts Using the Prussian blue
reaction as a “counterstain,” we have “removed” reticulation from reticulo-
cytes and normoblasts and have found that many flocculent blue stamnmg
masses and granules contaned 1n macrophages of the marrow and the Tymph
nodes have disappeared. If counterstaining with the Prussian blue Teagent is




Fic 1.7. Large reticular cell contains flocculent masses in cytoplasm
(cellular debris) Most of the peripheral portion of the cell 1s sur-
rounded by lymphocytes An immature lymphocyte is embedded
the cytoplasm just to the night of the nucleus Imprint 15 near area
shown m Fig 12 (x 800)

DU PR S

Fic 1-8 Note 2 similar retwcular cells which sull show evidence
of previous phagocytosis (Compare these cells wich that in Fig 1.7
and those reticular cells with coarse nuclear pattern m Figs 19
through 112) In the cells shown above, the cytoplasm (“ectoplasmic

ortion”) extends out much farther from the nucleus than 1s appar-
ent at first glance Imprnt 15 near area shown 1n Fig 12 (X 800)
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Fic 1.7, Large rencular cell contains flocculent masses in cytoplasm
(cellular debris) Most of the peripheral portion of the cell 1s sur-

rounded by lymphocytes An Iymphocyte is mn

the cytoplasm ust to the right of the nuceus Imprint s near area
shown n Fig 12, (x 800)

- e

:L

Ie 18 Note 2 similar reucular cells which stil show evidence
of previous phagocytoss (Compare these cells with that i Fig 17
and those rettcalar ¢elly with coarse nuclear pattern an Figs. 1.9
through 112) In the cells shown above, the cytoplasm (“ectoplasmic
poraion”) extends out much farther from the nucleus than 1s appat-
ent at first glance Imprint 1s near area shown m Fig 12 (x 800)

8



Lymphocytes: Origin, Structwve, and Interrelationships 9

1.7, 1-8) to the “hematopaietic reticular cells™ in the blood in leukemic redi-
culoendotheliosis (Figs 19 through 1-12), it is apparent that Trowell's hy-
pothesis' * can be supported by material seen i dry films as well as in sec-
tions, Iailed to recognize this evidence prior to reading his papers In 1047 1
provided illustrations (Figs. 1 and 2 of Reference 8) of cells which are obvi-
ausly “histiocytic” to empliasize the fact that the hematopoietic reticular cell
in Figure 1-3 had a reticular nuclews, but 1 did not recognize the significance
of my tllustrations.

DI apa i

Fie. 19 Blood film from leukenic recnloendothilions Note
the nucleus of reucular cell 1w center, the ¢ytophim of this cell
has andisuinct penpheral boundiries (8B rencular cell i re-
markably simibr te the phigocytic tetcular cell of the bhmph
node imprints) The rencular cell to the left and bdow it 1 vr
tually sdentreal wath ae, but the qyteplam i tvahing almost
<alarless, and diunctly bounded This 1s 2 hemitoporctic retecutar
cell as 1s the celt to the night of at, but the litter shows a more
Ieptochromate nuclear pattern and more toplsmic basophilta
(x 8oy

Histochemical analyses of the phagocyuic cells uuhzmg desoxyribonuclease
and nibonuclease should give some ansight into the nature of the cytoplasmic
contents of many varying colors, which contents seem to have been confused
with the cell's own cytoplasmic constituents Uihiang nbonuclease, we have
removed the basophilic component from cells of the bone marrow, including

blasts, 35 and have d rated that subseq to this procedure,
alkaline phosphatase 15 stll present 1n osteoblasts Using the Prussian blue
Teaction 25 a “counterstain,” we have “removed” reticulation from reticulo-
cytes and normoblasts and have found that many floccuient blue staiming
masses and granutes contained 1n macrophages of the marrow and the lymph
nodes have disappeared 1€ counterstaimng with the Prussian blue reagent 15
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Fic 110 Notc various types of reticular cells m blood film
from leukemic retrculoendotheliosss The f celly at the left
show some evdence of differentiatnn from  lymphocytes.
(X B00)

" LA L v i T
FAUNCID e
OCA9es 03

13

Fic 111 Blood film from leukemic reticuloendotheliosis Note
mutotee figure The cytoplasm s comparable to that seen 1n the
central rencular cell of Fig 19 and to the seemngly ragged and
damaged cytoplasm of 5 of the retrcular cells mn this figure (X 800}
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Fi 112 Blood film from leukemic reuculoendothelioss Note
mutotic figure In tranguhr extensions of cytoplasm extruding up
and (o the left of cach muer are arcular misses of the endophismic
portion of the cytaplasm Note varows morphologic types of reticular
cells in the surrounding field  (x 800)

B 113 Lymph node mmpnint from patient wih lymphoblastic
lymploma Note lymphoblasts, many of which retain some nuclear
characterisacs of retcular cells The blood and marrow were negatne
at the ume of this biopsy but the character of lymphoblasts indicated
that diffuse leukemic imvolvement would occur  (x 800)

11
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sufficiently brief, nuclei are generally not robbed of their DNA becanse
nuclear remnants are visible in erythrocytes as well as in macrophages.®®
Because I have recently been convinced by the beautiful demonstrbation of
Bessis* of the manner in which islands consisting of a reticular cell sur-
rounded by normoblasts function, I should like to explain this briefly and
draw 2 possible analogy for future investigation. Bessis has shown that the
ring of normoblasts surrounding reticular cells of the marrow is more than a

o e ———— v

S T e Y o
ldata, A w7 a0 ) el
Fic 1-11. Blood from same patient from whom lymph node
btopsy was obtaned One reucular blastic form ke those n the
node 1s seen at the 12 o'dock positton The next smaller cells
are the clasuc lymphoblasts of acute and swbacute lymphatic
leukerma The hyperchromauc small cells are probably small or
shrunken reticular cells, they are not normal small lymphocytes
This blood was obtamed late m the course of the disease when
the marrow was also diffusely involied (X 800)

chance association We have known that reticular cells engulf erythrocytes
and that within the retcular cells the erythrocytes lose the red-orange color
of hemoglobin and ultmately leave white round remnants of themselves in
that phagocytic cell The cytoplasm of the macrophage surrounding these
phagocytosed erythrocytes may be intensely positnve by the Prusstan blue
reaction. We have also known that the normoblasts surrounding this retic-
ular cell may contamn stanable particulate iron and have wondered if ths
1ron might not have been dertved from the phagocytic retrcular cell Bessts'
excellent electron micrographs show clearly that the reucular cell 1s fune-
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tioning as a very real mother cell to the normoblasts which are receiving
their iron from it by a process which he compares with nursing.

1€ the reticular cell of the marrow can eat its progeny and feed them as well,
then might not this also occur in other situations® Tigure 1-3 shous features
which may be compared with those of Bessis’ story of reticular cells, normo-
Dblasts, and iron. The reticular cell contains a complete series of what appear
to be lymphocytes in various stages of digestion, and it is surrounded by a
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Fic 115 Bone marrew [from paticnt with excess storage iron
Wright's stan Note reticular cell contmining one engulled red
cell and mrny granules The cells impinging upan the cytoplasmic
membrane of the reucular cell mnclude 2 normoblasts, 1 mature
and 2 young ncutrophuls, 2 lymphocytes, and 1 plasma cell The
2 cells at the 2 and 8 o'clock positions are probably endothelial
cells, the reucular cell atself being perithelial (% 800)

ning of lymphocytes The umon of the peripheral ning of lymphocytes and
the reticular cell scems intimate White lines which look almost Iike scratch
marks on the three nucler pushed 1nto the <ytoplasm of the reticular cell at
the 8 and 11 o'clock positions appear to be real extensions of the cytoplasm
of the reticular cell over the body of the lymphocyte Is this reticular cell eat-
g the cells 1n this ring or feeding them, or does 1t too have both functions?

Are the pervascular plasma cells feeding (see Fags [, 2, and 4, Plate 3, of
Relerence 1 and Figs 1-15 and 1-16 of this chapter)? Pernsascular plasma cells
contain rron 1 hemachromatosis,** 373 although proof that they phagocytose
erythrocytes in tlus condition 1s lacking Here we have assumed the 1ron may
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have been transkerred from the cytoplasm of the reticular cell to the plasma
cells. Does this same type of transfer occur during the production of gamma
globulin and antibodies® (In Figs 1-15 and 1-16 one can see a reticular cell of
the marrow chosen purposefully to illustrate the variety of cells which seem to
adhere to its peripheral cytoplasmic boundaries.)

The transformation of reticular cells to lymphocytes seems well established
Now what of the germinal center cells, the rounded forms which vary in size,

<

Fic 1-16 Same celis as i Fig 113 subsequent to “coun
terstatung” with Prussian blue The gray cytoplasm of the
reticular cell 1s actually bright bluegreen {ferritiny The
coarse dark granules are cien more strongly Prussian blue
positive Note tron tn neutrophils The nermoblasts contam
won, but this 1s not apparent an the photomicrograph

(x 800y

nuclear-cytoplasmic ratio, ¢y toplasmic basophilia, and nuclear pattern? These
appear to be the most actvely multiplying cells of the lymph nodes, and these
are the cells which cause the most confusion msofar as histapathologic or
hematopathologic diagnoses are concerned

STRUCTURE

The various forms of germunal center cells can be seen in Figures 1-1 and
1-2 Germmal center cells are also iHustrated by Bessts whose colored plate
(Plate XXI, Part I, of Reference 10) shows the varying colors of the tnclu-
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sions in “reticulum cell macrophages” of a Iymph node imprint as well. Heil
meyer and Begemannt! also show a colored plate of a dry film preparation
from a hyperplastic lymph node. In this group of cells, we can name hemat-
opoietic reticular cells, reticular lymphocytes, and immature lymphocytes
which are all often classificd as lymphoblasts.

In addition to these lymphocytic precursors, plasmablasts and plasma cells
are present in remarkably variable numbers. As indicated presiously,! the
fmmature plasma cells are not always easily distinguished from the more
tasoplulic precursors of lymphocytes Morphologically one can produce con-
vincing senies of transitional cells from the large perivascular (perithelial)
reticular cell to the plasma cell or from large basophilic hematopoietic retic-
ular cells and /or reticular lymphocytes to plasma cells. The interrelationships
of retcular cells, lymphocytes, and plasma cells have been emphasized by
Douney. These interrelationships are presented in diagram form by Trow-
el 2 Two more distinct cell series are included i the schema of Heilmeyer
and Begemann (Plate 1/2 of Reference 11).

INTERRELATIONSHIPS

The implications of the interrelationships in regard to the formation of
antibodies have recently been discussed by Fagraeus*® who stated, “The im-
mature plasma cell stage is to me the morphological manifestation of a cell
at the point of masimal antibody formation * She stressed “the probability
that antibody production commences m young undiflferentiated cells, not 1n
plasma cells or mature lymphocytes present m the body before the njection
of antigen **

Karyometric analyses of human cefls from lymph glands* ¢ are interpreted
as indicating that “possibly the only function of basophilic germ centre cells
may be the production of cells™ and that the basaphalic stem cells of the
pulp of lymph nodes “belong to the plasma cell series and therefore can be
called pl and propl blase "> The illustrations 1n these papers
are excellent, but 1t 1s difficult to sce how the problem can be solsed on the
basis of nuclear volume since the latter can show great variation For example,
Iarge and small myelocytes are easily tdentihied, and I have often scen the late
telophase of mitosts which would result 1 two "daughter” normoblasts with
apparently remarkably different nuclear volumes The presence of plasma.
blasts* 7 1n the blood 1n German measles, infectious hepatinis, and nfec-
tious mononucleosis 15 well recoguized However, I was surpnised to find
plasma cells 1n the blood 1n one tase of agammaglobulinemia More inter-
esting was a recent case (etiology of conditton unknown) with a remarkable
peripheral plasmacellular reaction comparable to that of German measles in
which the circulating immature plasma cells did not contain gamma globu-
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lin#* T have come to wonder if the cells common to peripheral plasmacel-
lular reactions and comparable to those that cause the confusion by virtue
of their presence in germnal centers may not be different from the plasma
cells that are so clearly perivascular in the marrow and other organs

The transition of large hematopoietic reticular cells to reticular lympho-
cytes to lymphocytes is clearly evident in Iymph node imprints from infec-
tious mononucleosts and chronic lymphatic leukemia® In these cases the
transitional forms resemble those of hyperplastic nonleukemic nodes, but the
leukocytod lymphocytes of Downey* are, of course, more prominent in the
nodes from infections mononucieosis.

In the acute and subacute Tymphatic leukemias, the transitional forms
appear to progress from narrow-bodied reticular cells to lymphoblasts to
mmmature lymphocytes to lymphocytes @5 5 (See Figs, 1-13, 1-14.*) The
Iymphoblast of acute lymphatic leukemia is remarkably similar to the myelo-
blast of acute myelogenous leukemia, and this type of cell is uncommon in
normal human lymph nodes Downey felt the Iymphoblast was an abnormal
cell type possibly peculiar to leukemia, representing a cell form resulting, in
part at least, from numerous mitoses and lack of subsequent differentiation.
The immature Iymphocyte, in contrast, 1s commonly present in normal Iymph
nodes, and 1ts presence in the marrow? has caused me to wonder if it may not
represent a transitional form from lymphocyte to myeloblast, thus providing
a source of myeloblasts, Yoffey's enthusiasm for this cell type®® %1 2 has been
most stimulating, and we have compared our marrow specimens as well as
our opmions.

With regard to the immature lymphocytes and lymphoblasts, several other
mteresting observations seem pertinent here Immature lymphocytes seem
much more numerous 1n mmprints of the human thymus than in imprints of
human Iymph nodes % Cells resembling the lymphoblasts of acute leukemia
are present ** Immature granulocytes siular in morphology to those of the
marrow are present % In addinion, reticular phagocytes showing features
comparable to those shown 1n Figure 1-3 and occasional large rounded retic-
ular cells are present 3! Plasma cells are also found % The presence of color-
less to pale-pmk granules mn the permuclear cytoplasm of the mmmature
lymphocytes and lymphoblasts of the thymus makes them appear remarkably
stmlar to the immature lymphocytes and lymphoblasts of leuhemia 3

Another interesting observation regarding immature lymphocytes involves
two cases of typical chronic myelogenous leukemua (of long duration) which
1n acute esacerbation gradually lost the steadily imcreasing number of myelo-
blasts to show almost complete replacement of the marrow and of the cells
of the circulating blood by cells which could be classified as lymphoblasts and

« 1 am geatelal to Dr Narman Nelon af Detront for the opportumts of having heen consulted

i xespect [0 this interesting case
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immature lymphocstes Only the development of occasional small granulo-
cytes, chiefly basopluls, from the cells which resembled immature lymphocytes
could be used as confirmatory evidence of previous myelogenous leukemia.
Unfortunately, Sudan black staining of these remarkable cells was not pos-
sible at the time of consultation,

The latter pieces of information suzgest that the cell which appearstobea
transitional form (immature lymphocyte) between the lymphoblast and the
lymphocyte could be remarkably important in normal or abnormal hema-
topoiesis in general.

Data regarding the cells containing tritium labeled thymidine (H*-thymi-

dine) which has been incorporated into the DNA of rapidly proliferating
cells are now accumulating Currenty, it has been shown that circulating
nonsegmented cells of some type are labeled and are thus cells which would
be expected to divide It 15 not possible to be absolutely certain of the cell
types from the figures or the text, but I should expect them to be immature
lymphocytes (their description and Fig. I-e of Reference 6) and reticular
lymphocyvtes (Type IL, Downey) . The Group 5 cells of Bond and assnciates*
which appeared to be damaged could be basket cells (not identifiable),
damaged immature lymphocytes, or even cells comparable to the cells from
the blood of leukemic reticuloendatheliosis illusirated 1n this chapter (Figs.
19 through 1-12) . It should be re-emphasized that the reticular cell that seems
almost to lack cytoplasm can be found along with the histiocyte in the blood
septicemnia and subacute bactenal endocarditis, and I have seen it wn the
blood in infectious mononucleosis which presented with an ininal histioy tict
picture. I have not scen mitoses comparable 1o those shown in Figures 1-11
and 1-12 in nonleukemic blood. I have frequently secen mutoses in reticular
lymphocytes 1n the blood in infectious mononucleosis, and I have occasionally
seen mitoses 1n plasmablasts in acquired hemolytic anemia. Mitoses in retic-
ular lymphocytes and plasmablasts do occur in the blood 1n the absence of
leukemia 1 should not be surprised to find a mitosis in an immature lympho-
ovte 1n some of the fvmphocitoses of infancy but do not recall having seen
one That the real unidenufiable basket cells may be premitotic cells 1s 2
surprise 1 should tentatively conclude that the “mobuile pool of primitive
progenitor cells ® consists of cells comparable to those found in the germinal
centers of lvmph nodes. It1s difficult to concerve of the reticular iymphocytes,
plasmablasts, and tmmature plasma cells as truls multipotential cells under
most circumstances, but the number of these cells found by Bond and asso-
cates® sugzest that very probably the label was bound to these cell types that
surely are capable of division The reticular cell that seems to lack cytoplasm
15 totally acceptable as a mulupotential stem cell. The immature Iymphocyte
may be sstmilarly mulupotential and mav function as a transitional form be-
tween the lymphocyte and other blast forms
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SUMMARY

The hypothesis of the origin of lymphocytes from a previously phagocytic
reticular cell that contains degradation products of phagocytosed Iympho-
cytes and thus would serve to explain the conservation of labeled DNA and
the curiously “long” life span of lymphocytes has been examuned and sup-
ported by new iltustrations from dry film material,

The inttmate union of cytoplasm of the lymphocytes surrounding the
phagocytic reticular cells has been compared with a similar union between
normoblasts and reticular cells. The latter allows normoblasts to receive fer-
riun from the reticular cells by a process comparable to nursing (Bessis).5% [
suggest that although the reticular cells do eat the lymphocytes, the lympho-
cytes probably also get sustenance from the reticular cells. That other peri-
reticular cells (plasma cells) may also recerve materials essential to their
growth or function in this way is equally obvious, and the 1mportance of the
perireticular position of plasma cells to their possible function in antibody
production deserves further nvestigation.

The developmental potentialities of lymphocytes have been mentioned.

The confusion regarding cell types in the germinal centers has been dis-

cussed The fact that the morphologically immature cells are occasionally
present n normal blood and are numerous m the blood 1n lymphocytic reac-
tions has been emphasized by labeling techniques These cells, known to be
capable of mitosts, show mcorporation of tritiated thymidine into DNA and
can be studied by radioautography The fact that immature lymphocytes
(narrow-bodied cells morphologically mtermediate between lymphocyes and
small blast forms comparable to the lymphoblasts of acute lymphatic len-
kemia) occur 1n the lymph nodes, bone marrow, thymus, and, m small
numbers, in the blood has been se-emphasized in order that therr role as
tritium-labeled cells might be clanified.
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(not thoroughly investigated in some of the lower forms), and three types of

granulocytes. However, purely lymphocyte-forming organs (lymphatic nodes
and nodules) are found only in the mammals and i some water birds in
which they are limited to small, paired organs in the cersical and lumbar
regions. In adult birds Jymphatic tissue appears as the white pulp of the
spleen and as nodules in parts of the connective tissue, in the lamina propria
of the gastrointestinal tract, in the bone marrow, and often in the Jner.

Below the mammals and birds there is no exclusively lymphatic tissue, that
is, there is no separation of lymphatic and myeloid tissues, The lymphocytes
develop intermived with deseloping granulocytes in a variety of situations,
hence the name Iymphomyeloid tissue. A striking example of this is in the
subcapsular tissue of the liver of urodeles; the saine process occurs in the liver
of human embryos,

In general, in the lower vertebrates, erythropoiesis occurs in organs other
than those 1n which the lymphomyeloid tissue is found. In these forms, just
as in reptiles and birds, erythropoiesis is usually intravascular.,

It is notew orthy that, within a given vertebrate species, the large and small
stem cells are morphologically indisuinguishable, although there may be some
charactenstic cytologic differences between species.

Just as the deselopment of purely lymphocyte-forming tissues and organs
occurs late in phylogeny, 50, too, does 1t appear late in mammalian embry.
onic development. Nevertheless, 1t must be noted that (1) Iymphocytes are
present in the blood of the lower vertebrates and (2) lymphocytes, even small
ones, develop very early in mammalian embryos.

EMBRYOGENESIS OF MAMMALIAN BLOOD CELLS

In the mammalian embryo (including that of man) blood cells develop in
and from the mesenchyme in a succession of sites, appearing first in the yolk
sac and the head and later 1 other parts of the body Hematopoiesis next
appears in the liver, then 1 the bone marrow, and finally in lymph nodes and
spleen In some species the thymus may be very important, as Dr. Marthew
Block tells me for his developing opossums.

In all these situations, the hematoporetic process is much the same except
that the pnmitive erythrocytes are formed only m the body mesenchyme and
yoik sac (Shde 1). With this excepuon, all the sartous types of blood cells
form 1n each of the situatrons, but the proportions of the different cell types
vary from site to site There may be mnor variations between species Thus,
definitive erythrocytes are formed in great numbers in the yolk sac of the cat,
guinea pig, and rabbat but only 1n small numbers 1n that of man and the rat

(Slides 2-1) In all mammals defimitive erythrocytes are formed extensively in
the liver (Shide 5) and bone marrow (Slides 6 and 7). In most mammals
megakaryocytes and granulocytes are common i yolk sac and hver (Shde 5)



CHAPTER 2

THE EMBRYOGENESIS OF
LYMPHOCYTIC TISSUE

WILLIAM BLOOM

DEFINITION OF TERMS

It is imposstble to define to the satisfaction of all the terms “Iymphocytes”
and “lymphocytic tissue ” It would be relauvely simple if we agreed that the
term “lymphocyte” meant the smaller lymphocytes as represented by the non-
monocytic, nongranular leucocytes which gain access to the peripheral blood.
Thus definition 15, however, insuffictent since 1t does not consider the relation
of these “lymphocytes” to the larger free stem cells in the various hemato-
poietic tissues—cells which rarely, if ever, enter the blood stream under
normal conditions There 1s less difficulty 1in defining lymphocytic tissue 1f by
this is meant the cellular stroma and the mcluded lymphocytes and free
phagocytes which comprise the lymph nodes, white pulp of the spleen, and
the solutary and aggregated nodules (and tonsils) of the layumna propra of
gastrointestinal, respiratory, and, occasionally, generative tracts of postnatal
mammals But we face further problems 1n attempung to delimit the thymus,
the splenic red pulp, and the accumulations of lymphatic tissue 1 normal
and abnormal bone marrow

Nevertheless, n any discussion of the embryogenesis of lymphocytes and
lymphocytic ussue, one cannot avoid the obligation of at least trying to define
these terms To this end. 1t 1s necessary to consider briefly the hematopoietic
ussues of the vertebrates 1n which there are some striking and dlummnating
parallels mn the phylogenetic and ontogenetic development of blood cells

(see Jordan?)
COMPARATIVE HEMATOPOIESIS IN VERTERRATES
The blood of pracucally all vertebrates contains erythrocytes, nucleated

thrombocytes (nonnucleated platelets in mammals) , lymphocytes, monocytes
3
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m which case they or their progeny are called lymphocytes, ar they wiill
develop into erythroblasts, same myelocytes and a few megakaryocytes. Later
the typical division of the argan into red and white pulp develops. In man
the formation of the myeloid elements ceases under normal conditions but
appears again in extramedultary myclopoiesss

1 have not discussed explicitly the vature of the primitive free stem cells
of the several hemacyte-forming areas and their relation to the question of
what is 2 lymphocyte. T know of no morphologic criteria by which these free
mesenchymal ceils can be separated muo various celf lineages until some of
them derelop speciic granules and become granulocytes, others elaborate
hemoglobin and become erythrocytes, and until still others, for example,
become plasma cells as shown by the specific fluorescent anubody technique
I, for one, find it impossible to discriminate several types of free stem ceils
when Ustudy myelocytes developing along with lymphocytes (1) in a lymph
node primordinm, (2) in the more obrvious lymphomyeloid tissue of the
other embryonic mammalian organs as yolk sac, fiver, or bone marrow, 3y
m lymphomyeloid tissues of the lower vertebrates, (1) in the bone marson
with prominent lymphatic nodules o burds, or (3) 1n extramedullary myelo-
potests 1n postnatal mammals when there is a reverston to the mived lympho-
myeloid tissue.

It seeins to me that the sum of the comparative, embryologic, and experi-
mental ¢ytologic evidence clearly pomts 1o the conclusion that in all blood
cell forming sitnations the mesenchyme turns o free stem cells which gne
nise to all the types of blood cells in all the primordia and that with the
progressue development of the embryo there is an apparent gradual de-
velopment, 1n some mammals, of a functional separation in postnatal hfe of
myelowd and lymphane ussues. But this separation is not always permanent,
for 1 certain daseases 1n man and as a result of certamn experiments, both
of thiese tissues may revert to the nuxed fymphomyelford or lymphomyelo-
erythropoietic tissue of the embryo

DESCRIPTIONS OF ILLUSTRATIONS

Fourteen coloted lantern plates slustrated some ol the stages of the embryo-
geuesss of mammalian blood ¢ddls 1n the ongimal presentation of thus chapter
Seven of the shides were copied from published colored plares in articles by A .\
Maximow % ® W Bloom.! * and \WW Bloom and G W BRartelmez? The other
scven slides were color photomicrographs made expressiv for the presentation It
has nlot been possible to reproduce them 1n color here 1t 15 better to refer specifi-
cally to the original publications of the drawings rather than to reproduce them
here 1n black and white The color phatonucrographs would be useless i black

and white because the myelocytes developing 1 dense masses of lymphoid cells
would not show
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and, of course, in the bone marrow. As we shall see, myelocytes are common
in the developing lymph nodes of human embryos, erythroblasts also occur,
but megakaryocytes are rare

In all these hematoporetic foci, the process begins with the contraction of
outstretched mesenchymat cells into spherical, ameboid cells of various sizes
characterized by relauvely litile cytoplasm, large nucleoli, and—in fixed and
stained preparations—an intense cytoplasmic basophilia, more marked in the
larger than in the smaller forms. These free mesenchymal cells (stem cells
or “blasts™) give rise to all types of blood cells in 21l of the successive sites of
blood cell formation. Occasionally an outstretched mesenchymal cell seems
to round up and turn directly into a granulocyte without passing through a
free, basophil, stem cell stage

EMBRYOGENESIS OF HUMAN LYMPHOCYTIC TISSUE

In human embryos of 30 mm, the first lymph nodes begm to develop 1n
the walls of the cervical lymph sacs, later in the other lymph sacs, and still
later along peripheral lymphatics. In all the sacs, the process is much the
same cords of mesenchyme bulge into the lumen of the sacs and give rise to
some free macrophages and foct of intensely proliferating stem cells. These
are of all sizes, although the smaller forms predominate. Because of their
location these free stem cells must be called Iymphocytes (Shide 8) From the
stem cells (1e, lymphocytes) there develop eosmnoplul and neutrophil
myelocytes, although in smaller numbers than n the embryonic bone mar-
row (Shdes 912) Sometimes these small myelocytes show mmtoses These
myelocytes have nuclei indistnguishable from those of the surrounding
lymphocytes. Occasional megakaryocytes and small groups of erythroblasts
also occur

It is rare to find the specific leuhocyte granules in the larger lymphod
cells Very occasionally, eosinophil granules are found in cells with exceed-
ingly pale cytoplasm and with Jarge nucler lacking the large nucleols charac-
teristic of stem cells They are probably mesenchymal cells giving rise di-
rectly to myelocytes

As the embryo grows, the lymphatic tissue, except m some of the labora-
tory mammals, normally ceases to produce myelotd elements, although
ectopic myelopotesis this process may become active agam (Slide 13)

In the embryomec thymus eosmoplil myelocytes are found in small
numbers, their nucler are 1dentical with those of the surrounding smaller
lymphocytes (Shde 11) A few developing ersthroblasts and megakaryo-
cytes have also been reported ;

The primordium of the spleen begmns primanly as a vascular meshwork o

mesenchyme which gives rise to free stem cells These may persist as such,
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. Maxivow, A, A Untersuchungen tiber Blut und Bindegewebe. 1 Die

[rithesten Entwicklungsstadien der Blut—und Bindegewcbszellen beim Sauge-
ticrembryo, brs rum Anfang der Bluthildung in der Leber, Arch, f. mikr, Anat.
73113, 1909

Untersuchungen uber Blut und Bindegewebe 11 Ueber die
Histogenese der Thymus bei Saugetiere, fbid. 74:323, 1909,

der mikvoskopischen Anatomie des Menschen, ed. by v. Mogt L xpore E. Berlin,
J. Springer, 1927, vol 2, part 1, p 232,
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stk 1: Stages in the transformation of mesenchymal cells into the first frec
stem cells and the development of the Iatter into primitive erythrocytes 1n the
yolk sac and body mesenchyme of several species of mammalian embryos (A. A
Maximow, Plate XVIIL¢ Reproduced in Bloom.2)

supes 2 and 3: Various stages in the development of the free stem cells, in
the human yolk sac, into primutive erythrocytes, small and medwmsized Iym-
phocytes, phagocytes, megakaryocytes, and eosinophihic and neutrophilic myelo
cytes Figure B shows development of primitive and definttive erythroblasts in
adjacent foci in 2 slightly older human yolk sac. (W. Bloom and G. W. Bartel-
mez, Plates 1 and 2.3)

stipk 4+ Colored photomicrograph of several large stem cells and one medium-
sized one in yolk sac of human embryo.

suipt 5: Colored photomicrograph of hematopoiesis in human embryo (70
mm.) liver near the capsule, Eosinophilic and neutrophilic myelocytes are inter-
mixed with medium-sized lymphocytes, one of which is in mitosis Nearby are one
very large stem cell and a group of polychromatic definitive erythroblasts,

suipe 6 Development of large, medium-sized, and small stem cells in the
mesenchyme of primitive bone marrow in embryos of several Jaboratory mammals
{A A. Maximow, Plate 1I%)

sipe 7 Development of stem cells of various sizes, definitive erythroblasts,
and myelocytes 1n primitive human embryonic marrow (A, A Maximow, Figs
105 and 106 %)

suibe 8 Two stages 1n early human lymph node primordia showing develop-
ment of large and many small stem cells (lymphocytes) from mesenchyme (A A
Maximow, Figs. 107 and 108 %)

stipes 912 Colored pliotomiciographs of several stages m deseloping lymph
nodes of a human embryo of 70 mm These formed an mmportant part of the
presentation as they showed eosmophilic and neutrophilic myelocytes devcloping
i moderate numbers mn the lymphatic tissue These granulocytes have nuclet 1n-
distingurshable from those of the surrounding smaller lymphocytes

st 13 Development of cosmnophilic and heterophilic myelocytes from small
Iymphocytes within germinal centers of white pulp of spleen and a nodule of
lymph node from guinea pigs (W Bloom, Plate 1)

st 14 Colored photomicrograph of three cosinoplul myelocytes m human
embryonic thymus
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by using the supravital (neutral red and Janus green) staining method in
conjunction with the phase contrast microscope’

Numerous investigators have studied the lymphocytes of the blood* & 1%
24,31,32 3%,4¢ 1L and lymphatic tissues® 4% 3! 9 with the phase microscope.
‘The morphologic characteristics of the lymphocyte and its progenitors as
resealed by the phase microscope will be briefly summarized and illustrated
in both the normal and leukemic conditions.

Normal Lymphocytes

The most primitive lymphoid cell observed in lymphatic tissue is the
lymphoblast (Figs. 3-8, 3-9), a rather large, rounded cell (18-21 y) with a
large, round or shghtly indented, moderately vesicular nucleus. It possesses
a thin nuclear membrane and two to four ovoid or irregularshaped nucleoli
The cytoplasm 15 deeply basophilic and appears yellowish or opaque with
the phase microscope. .\ moderate number of small rodlike or spherical
mitochondna are scattered throughout the cytoplasm and tend to localize
near the nuclear hof and distal portion of the cytoplasm. A rosette of gran-
ules or vacuoles surround the cytocentrum and stain orange-red with neu-
tral red.

As the lymphoblast undergoes further differentiation, there is a con-
densation of the chromatin and a thickening of the nuclear membrane. In-
1nally, there is little or no change in the size of the cell or in the degree of
cytoplasmiuc basophilia or number of organoids. A cell exhibiting these
characteristics is termed a large lymphocyte (Figs. 3-6, 3-7) and can be

1 phoblast primanly by small differences in the

distinguished from the Iy
chromatn pattern of the nucleus.

As the lymphocyte conunues to mature (Figs 3-1, 3-6), it gradually de-
creases 1 size, degree of cytoplasmic basophilia, number of mitochondria
and cytoplasmic granules, and number and size of nucleolt and exhibiuts a
further condensation or clumping of the chromatin of the nucleus.

The small mature lymphocyte (Iigs 3-1, 3-2, 3-3, 3-5) has a round or
osoud contour (10-12 ) with well-defined borders, a small amount of
cytoplasm sur ding a slightly ind 1 or oval nucleus. The nucleus has
a dense, coarse chromatin pattern with a promtnent nuclear membrane and
usually contains a small nucleolus which tends to be obscured by the dense
“nucleolar assoctated chromaun.” A small highly refracule nonstaining
hpoid droplet®® (the body of Gall) 15 seen occasionally in the cytoplasm near
the nuclear hof Small nonrefractile elongate or spherical mitochondria are
scattered throughout the cytoplasm concentrating near the nuclear hof.
The pennuc]ear zone and c)tocemrum is less basopluhc and opaque than
the g hyalopl. The lymphocyte exhibits a charac-




CHAPTER 3

CYTOCHEMISTRY OF
THE LYMPHOCYTES

Phase Microscope Studies

G. ADOLPH ACKERMAN

1t is apparent that we are entering a2 new phase of normal and pathologic
cellular morphology resulting from the rapid advances mn the fields of
microscopy and histochemistry, It has become necessary for the pathologist,
hemarologist, and hematologic investigator to be familiar with the wide
variety of new methods now available to him for aid m diagnosis of disease,
studying the process of celinlar differentiation, determining the morphologic
and chemical alterations m cells 1n various diseases. and in determiming the
effects of various drugs and therapeutic agents upon their structure, chem-
istry, and metabolism

PHASE MICROSCOPY

The recent adsent of the phase microscope has renewed interest in the
morphologic structure of the lymphocyte since 1t has become possible to
exanune lymphocytes m the blood and Iymphatic assues in the Ining con-
dition unaltered by drying, fisation, or staiping It has proved possible to
recogmze 1 the living cells studied 1n this manner all the structures and
structural detail described with the Romanovski stains and, m addtion, to
visualize other cellular entities not observed by the Romanovshi methods,
eg, cytoplasmic organelles and mnclustons Cytoplasmic movements and cell
motility can be observed with the phase mucroscope, as can mtraceliular
alterations during the process of cell degeneration and death Expenence
has indicated that the resolution of the organelles present in the lymphocyie
as well as in other cells of the blood and hemopoieuc system can be increased

28
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teristic type of slow ameboid movement in which the nucleus advances ahead
of the cytoplasm, the so-called hand-mirror movement.

Estimating the maturity of the lymphocyte from cell size alone is not
sufficient and may lead to erroneous interpretation of the lymphocytes’ age.
Experience has indicated that the most reliable criteria for determining the
relative age of the lymphocyte are obtained by the correlation of several
morphologic features, eg., degrec of cytoplasmic basophilia, number of
mitochondria, cell size, and the chromatin pattern of the nucleus. 12

Leukemic Lymphocytes

Lymphocytic Leukemia. Lymphocytes in chronic lymphocytic leukemia
(Figs. 3-10, 3-11) are small (9-12 g} and possess a more dense chromatin
pattern than is usually seen in normal small lymphocytes. The hyperchro-
matic appearance of the nucleus 15 dependent, in part, upon the increase in
the number of small irregular nucleoli and the “nucleolar associated chro-
matin.” The contour of the nucleus may vary from a smooth to an irregular
rounded form. The cytoplasm of the small lymphoid cells in chronic lympho-
cytic lenkerma tends to be scantier than in the normal lymphocytes. The
number of mitochondria and cytoplasmic granules as well as the degree of
basophilia of the cytoplasm may frequently be slightly greater in the leu-
Lemic than in the normal small mature lymphocyte.

A complete maturation senies of lymphoid cells can occastonally be seen in
the blood of certain pauents with lymphocytic leukemia (subacute variety) .
These immature lymphoid cells tend to exhibit more dense nuclei and have
a somewhat greater number of mitochondria and nucleoli than the small
lymphocytes of lymphocytic leukemia and comparable normal lymphoid
cells at similar stages of maturation. In these cases larger lymphoid cells
exhibiting morphologic features of blast cells (Fig. 3-11) are present in
relatively small numbers 1n contrast with the small Iymphocytes which pre-
domnate. The morphologic features of the lymphoblasts seen in lympho-
cytic leukemia differ from cells tdentified as lymphoblasts in normal
lymphatic tissue.

Fic 37 Normal human lymph node Note the large lymphocyte with 2 nucleols,
basophilic cytoplasm, and sphenical mitochondria localized 1 the nuclear hof and drstal
portion of the cytoplasm. Several small lymphocytes are present as well as a stellate
reticutum cell (arrow) Supravital preparation of lymph node scrappin

Fic 38 Normal human lymph node Lymphoblast with prominent nucleoli Mutochon-
dna present 1n the nuclear hof and swollen mitochondria 1n the distal portion of the
cytoplasm Suprautal preparation of lymph node scrappin,

Fic 839 Normal human lymph node Lymphoblast contanung few mitochondria and
cytoplasmuc granules Cytoplasm appears opaque and deeply basophilic Supravital prep-
aration of lymph node scrapping



Fics 31 through 39 Photographed from supravital fitms with the phase contrast
microscope (dark medium contrast) (x 2000, reduced 25 per cent)

Fic 31 Two small hymphocytes Note the filamentous mutochondria and spherscal
neutral red stasmng granules

Fic 32 An “old” lymphacyte contmning spherical mutochondniz and a few neutral
red granules Cytoplasm is lesy basophilic and opaque than the lymphocytes 1 Fig 31

Fic 33 Small mature lymphocyte Note small wrregular nucleolus

Fic 34, Medumsize hymphocyte with localization of mutochondna and granules
around the clear cytocentrum

Fic 35 Small young lymphocyte with indented nucleus The cytocentrum 1is rather
clear, and small neutral red granules Jocalize in this region Mitochondna are peripheral
to the cytocentram

Fic $6 Large young lymphocyte containing a moderate number of granules and both
spherical and filamentous mitochondna

30
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Lymphoblastic Leukemia. True lymphoblastic leukemia is an extremely
rarc entity and dilfers from lymphosarcoma and leukolymphosarcoma with
which it has been frequently confuscd. The cells obsersed in lymphoblastic
leukemia (Tigs. 3-17, 3-18) are rather large (11-18 »), round or oval cells
with large, round, moderately vesicular nuclei, a prominent nuclear mem-
brane, and one to three large pronunent nucleoli. Mitochondria are numer-
ous and appear considerably larger than those seen in lymphocytic leukemia
or lymphosarcoma. The mitochondria localize near the nuclear hof and in
the more distal part of the cytoplasm. Neutral ted staining granules or
vacuales localize near the cytocentrum and stain an orange.red color, These
cells c\lulm slight hand mirror ty pe matility characteristic of lymphond cells.

Ly coma, The pathologic lymphoid cells characterizing lympho-
sarcmm m lymphatic tlssuc 1ml in the blood (s0 called leuholymphosar-
coma) are morphologically identical; however, these cells may exlnbit con-
siderable ‘ariation in morphology (Figs. 3-12 through 3-16). The classic
lymphoid cells present in lymphosarcoma appear rather small but actually
are stightly larger (12-11 ) thar the normal small lymphocytes and those
of lymphocytic leukemia. The lymphosarcoma cells possess a vesicular
nucleus with a thin nuclear membrane, several prominent nucleoli, and a
small rim of opaque, moderately basophilic cytoplasm, Not infrequently
the nuclei of the lymphosarcoma cells appear hyperchromatic (Fig 3-12),
become markedly indented, and may assume a lobed or clover-leaf nuclear
form. It 15 possible that these changes could be correlated with the increased
content of DNA which has been observed m the cells of lymphosarcoma
The small spherical mitochondria tend to localize near the nuclear hof, and
a small number of granules which stain orange-red with neutral red occur
near the region of the cytocentrum Highly relracule, nonstaiming lipoid
droplets may occur m vanable numbers in the cytoplasm of the lympho-
sarcoma cells m certain patients with this disease. The lymphoid cells of
lymphosarcoma have a relatively high mitotic index in contrast to those of
lymphocytic and lymphoblastic leukemia A comparison of the morphologic
structure of the cells of lymphosarcoma reveals that they exhibat relatively
few characteristics in common with lymphoblasts seen in normal lymphauc

nssue

Occasionally m certamn pattents with lymphosarcoma, a number of cells
exhibrt considerable variations in size with slight vaniations 1n the relative
amount of cytoplasm, cytoplasmic basophilia, and in the number of mito-
chondria These observations suggest a maturation senes 1 the cells of
lymphosarcoma since small, medium, and large forms (Fig 3-15) can be
disunguished.
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Fic 310 through 318 Photographed from supravrtal films with the phase contrast
microscope (dark mechum contrast) (X 2000, reduced 25 per cent)

Figs 310 and 311 Lymphocytes from chronic lymphatic levhemia Note hyper-
chromatic nucler, small mucleolt, and “nucleolar associated chromatn " Cytoplasm 15
scanty and contains numerous small spherical mitochrondria and a few shightly larger
neutral red stamung granules A lymphoblast 1s present in Fig 311, possessing 2 prom-
ment cytocentrum surrounded by granules, and mutochondra are scattered throughout
the cytoplasm

Figs 3-12 through 316 Varutions in the morphologic structure of the lymphocytes
of leukalymphosarcoma Granules and spherical muochondnia localize 1n the haf Cyto-

lasm 1s basophilic and opaque The chromattn pattern 1s varwble, appearing erther
sesicular (Figs 313, 3-15, and 3-16) or hyperchromatc (Figs 312 and 3.11) A large

Iymp oma cell 1s 11l lin Fig 315

Fics 317 and 318 Lymphoblasts trom acute | leukemia Note vestauhr
nucler, large prominent nucleolt, thin nuclear membrane, and a large number of cyto
plasmic organelles, primarily mtochondria

2
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The Feulgen nucleal reaction has been combined with microspectro-
photometry in order to determine quantitatively the amount of DNA in
normal and leukemic lymphocytes.® 3@ * These data®s * indicate that the
normal lymphacytes of the blood and the majority of those of lymphatic
tissue contain the diploid amount (2n) of chromatin as do other somauc
cells, Some of the lymphoid cells in lymphatic tissue possess intermediate
values of chromatin between the diploid and tetraploid (in) amount sug-
gesting a premitotic build up of DNA in the immature lymphocytes.® In
six patients with chronic lymphocytic lenkemia, the lymphocytes were found
to contain the normal (2n) amount of chromatin, whi'e those from three
patients with chronic lymphocytic leukemia and four of five patients with
acute lymphocytic leukemia were found to contain between the normal
diploid and the tetraploid amount of chromatin * These obsenvations sug-
gest that most of the lymphocytes in chironic lymphocytic leukemia are in-
termitotic, while those of acute lymphocytic leukemia are either in the
process of mitosis with premitotic synthesis of DNA or actually may exhibit
polyteny * Confirmation of these observations is anaited with great interest.

Pentose Nucleic Acid (PNA or RNA).  The basophilic staining property
of the cytoplasm and nucleoli of vanous bload cells following staining with
certain basic dyes has heen recognized for many years® 4%.5%. 6% 310 Both
microspectrophotometry and selective aboliuon of basophilia with the en-
nyme ribonuclease™ have indicated that this basophilic substance is a
nucleoprotemn, namely RNA Histochemical studies on normal lymphocytes

(Figs 3-19, 3-20) and on those from sarious hematologic dyscrasias have
shown that cytoplasmic basophilia'* or more specifically RNA varies -
versely with the age of the lymphocyte. This substance 15 forined 1n large
m the lymphoblasts and gradually decreases during the maturation
of the lymphocytet 112 It seems probable that the RNA plays an important
role in the formation of cellular protemns and globulins ** After injection
of antigen mito an animal, the RNA content of the immature cells increases
first 1n the altered reucular cells then 1n the young lymphocytes while the
DNA content remains constant 3 40
Methy] green-pyronin has been widely employed 1n histochemistry for the
simultaneous visnahization of DNA and RNA™ Methyl green acts as a
selectnve stain for ughly polymenized DNA present in the chromaun of the
cell, while pyromin has an affinity for RNA of the cytoplasm and nucleoli.
The RNA nature of the cellular substances 1s confirmed by selective extrac.
tion with nbonuclease Results obtained by the methyl green-pyronin
method on the lymphocytes™ # ™ in the blood and lymphauc tissue are in
agreement with those described earhier
ifferences 1n methyl green stainability between granulocytes and l)mphu—
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HISTOCHEMISTRY

Recent advances in the field of histochemistry have added considerably to
our knowledge of the chemical structure of the lymphocyte and have given
some insight into the chemical alterations in these cells in disease. Histo-
chemistry not only prosides a method for chemically identifying and clasuly-
ing various normal and abnormal cells but provides one of the most im-
portant approaches for determining the underlying causes ot disease and
cellular differentiation. Few detailed studies have been made concerning
the histachemistry of the lymphocyte either in the normal or diseased con-
ditions. Although lymphatic tissues have been subjected to a large number
of histochemical procedures, all too frequently observations are histologic
rather than cytologic in nature. Not infrequently histochemical reactions
are described as being either present or absent in a given cell or tissue, and
the reactive substance is not localized to the morphologic structures within
these cells. Considerable data have been dernved from the study of leukemic
cells without attempting to correlate these findings with comparable cells
in the normal condition. These facts coupled with the development and
improvement in histochemical procedures and mherent difficulties in van-
ous methods have caused considerable variations in the literature concerning
the histochermical characterization of the lymphocyte. An attempt has been
made to summarize briefly the most important observations concerning the
mstochemistry of the lymphocyte in health and disease,

Nucleoproteins

Deoxypentosenucleic Acid (DNA). Both the Feulgen nucleal reaction®
2 41 % and ultraviolet mucrospectrophotometry® ™ & have established the
presence of DNA in the chromatn ot the nuclej of the Iymphocytes as well
as 1n the nucler of other cells in the plant and ammal kingdom Morpholog-
scally, the nucler of the small lymphocytes stain rather intensely and exbibit
a dense, roarse, Feulgen-positive chromatin pauern, while the more 1n-
mature Iymphocytes and Iymphoblasts possess a more deliate chromatin
pattern and stamn less itensely than the small mature fymphocytes.! Fre.
quently, the Feulgen-positive “nucleotar associated chromatn” 1s very ap-
parent surrounding the Fenlgen-negaine nucleoht of the lymphotd cells. The
nucler of the lymphocytes 1 chrone lymphocytc leukemua have a coarse,
darkly stamed chromatin i contrast to the lymphocytes in lymphosarcoma
which usually stan lighter and have a more uniform distribution  of
chromatin * The enzyme desonyribonuclease will selecuvely remove the
stainabulity of the lymphocyte with basic dyes® * or with the nucleal re-

action ®
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The Fenlgen nucleal reaction has been combined with microspectro-
phatometry in order to determine quantitatively the amount of DN.A in
normal and leuhemic lymphocytes ® 2 " These data®™ * indicate that the
normal lymphocytes of the blood and the majority of those of Iymphatr
tissue contain the diploid amount (2n) of chromatin as do other somatic
cells Some of the lymphoid cells in lymphatic tissue possess mtermediate
values of cliromatin between the diploid and tetraploid (in) amount sug-
gesting a premitotic build up of DNA in the immature lymphocytes.® In
six patients with chronic lymphocytic leukemia, the lymphocytes were found
to contain the normal (2n) amount of chromatin, while thove from three
patients with chronic Iymphocytic leukemia and four of five patients with
acute lymphocytic leukemia were found to contam between the normal
diploid and the tetraploid amount of chromatin These observations sug-
gest that most of the lymphocytes m chronic lymphocytic leukemia are in-
termitotic, while those of acute lymphocytic leukemia are enther in the
process of mitosis with premitotic synthesis of DN\ or actually may exhibit
polyteny.* Confirmation of these observanions 15 awarted with great interest.

Pentose Nucleic Acid (PNA or RNA).  The basophilic staining property
of the cytoplasm and nucleol of various blood eclls following stanung with
certain basic dyes has been recognized for many years 3 4 89 88 10 Both
micmspcclmphmmnc(r) and selective aboliton of basophulia with the en-
zyme ribonuclease® have indicated that this basophulic substance is a
nucleoproteim, namely RNA Histochemtcal studies on normal lymphocytes
(Figs. 3.19, 8.20) and on those from vanous hematologic dyscrasias have
shown that cytoplasnme basophiha'' or more speaifically RNA vanies n-
versely with the age of the lymphocyte Thus substance 1s formed n large

inthe ly phobl and gradually decreases during the maturation
of the lymphocyte.t: 112 It seems prabable that the RNA plays an important
role in the formation of cellular proteins and globulins * After injection
of antigen into an ammal, the RN.A content of the immature cells increases
first in the altered reticular cells then in the young Iymphocytes while the
DNA content remains constant 3 <

Methy1 green-pyronin has been widely employed in histochemistry for the
stmultaneous visuahzation of DNA and RNA™ Methyl green acts as a
selectunve stain for highly polymerized DNA present m the chromatm of the
cell, while pyronim has an aflmiry for RNA of the cytoplasm and nucleoh.
The RNA nature of the cellutar substances 15 confirmed by selective extrac.
tion with mbonuclease Results obtained by the methyl green-pyronin
method on the lymphocytes™ 4* ™ 1n the blood and lymphatic tissue are 1n
agreement with those described earler

Dufferences 1n methyl green stainability between granulocytes and lympho-
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Fics 319 through 327 Histochemstry of normal lymphocytes (X 2000, reduced 25
per cent)

Fic 319 Normal lymphocyte exhubiting basophulic cytoplasm Methyl alcohol fixatton
Wrnght's stiin

Fic 320 Normal lymphocyte exposed to nbonudease for 10 minutes followed by
Wright's stunCytoplasmic basophilia has been removed by enzymatic digesuion

Fic $21 Normal lymphocyte stammed by the pertodic acid Schuff method Note the
small faintly stained PAS positive granules in the cytoplasm

Fic 322 Normal lymphocyte stamed for masked lipids Small sudanoplulic granules
can be disinguwished 1n the cytoplasm Nuclear starning may represent nuclear lipid
Sudan black followmg unmasking with acetic aad

Fics 323 and 321 Normal small lymphocytes stamned for protein bound sulthydrsl
groups by the DDD method of Barrnett and Seligman. Sulfhydryls are localized 1n the
cytoplasm and nucleoplasm wlule the chromaun 1s essenually unstamed
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cytes (chronic lymphocytic leukemia) have been observed following ex-
posure to nibonuclease in that the granulocy tes were methy! green-labile and
the lymphocytes methy} green-resistant,>* 19 Further investigations are neces-
sary to substanuate these differences in methy! green staining.

Proteins and Amino Acids

Protein-bound amino groups can be demonstrated in the cytoplasm and
nuclei of the lymphocytes (Fig. 3-23) in blood fifms® following Werss's
method! for these reactise groups. The cytoplasm stains moderately in con-
trast to the faint reaction of the nucteus of these cells (Fig 3-25) . The cyto-
plasm is more intensely stained in the Jarger lymplocytes than in the small
lymphocytes, and it appears that this staining reaction tends to parallel the
RNA content of the cytoplasm of these cells® In most instances the cyto-
plasm and nuclei of the lymphoid cells of the spleen stain strongly for
protein-bound amino groups '™

Only traces of histidine can be localized m the cytoplasm of the lympho-
cyte m blood films® {ollowing the reaction of Burstone. Argimne can be
demonstrated in the cytoplasm, nuclei, and nucleols of the lymphocytes in
both blood' and lymphatic tissue® and appears to parallel the intensity of
the reactions for nucleoproteins ® Tyrosine cannot be demonstrated m the
lymphocytes of the blood following the Millon reaction.!®® At the present
tine protein reactions appear to afford little help m the differential diagnosis
of lymphatic diseases.

Sulfhydryl Groups

Lymphocytes of the blood and lymphauc ussue exhibit a relatively weak
reaction for sulfhydryl groups following the DD} method of Barrnett and
Scligman,* * 12 15 97 the RSN method of Maur and others,? ¢ and the
older ferri-ferrocyantde procedure ? 1 ¢ Normal lymphocytes in both the
blood (Figs. 3-23, 3-21) and lymphatic ussue (Fig 3-37) reveal a pale, dif-
fuse stamming of their cytoplasm and a less intense stamning of their nuclei
following the DDD* * ® °7 and RSN?" ® methods Howeser, it appears that

Fic 325 Small lymphocyte staned for protan bound amwno groups by the method
of Weiss The nucleus 13 enly famntly stamned in contrast to the darker stuning of the
cytoplasm and nucleoplasm

Fic 326 Lymphocyte stained for nonspeafic esterase uung the indoxyl acetate sub-
strate Indigo blue crystals have a distribution sumilar to mutochondria but are not local-
zed 1 these organelles

Fic 327 Demonstration of nonspecific dehydrogenase activity wath a modified mitro
BT procedure n 2 normal small lymphocyte Dehydrogenase can be localized to the

mutochondna, howeser, 1t 1s uncommeon for normal lymphocytes 1o be stained by this
method
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the reactive material in the nucleus of the lymphocyte is not chromatin but
the nuclear fluid or sap. *7 In normal Iymphatic tissue lymphoblasts tend
to exhibit a greater amount of cytoplasmic protein-bound sulfhydryl groups
than the cytoplasm of the more mature small lymphocytes,® although other
investigators® % have shown a gradual increase in sulfhydryl groups during
the maturation of the Iymphocyte with the RSN technique.

Preliminary studies®* employing the DDD method for protein-bound
sulfhydryl groups suggest that the lymphocytes in lymphosarcoma (Figs.
3-32, 3-33) and in lymphocytic (Fig 3-31) and lymphoblastic leukemia
(Fig. 3-34) contain more thiol groups in their cytoplasm and nucleus than
normal lymphocytes. However, considerable variations in the amount of
reactive thiol groups have been noted in lymphosarcoma,® ® with the lympho-
sarcoma cells from certain patients reacting very strongly in both the cyto-
plasm and nucleus (Fig. 3-33). When the RSN method® is employed, the
lymphocytes in lymphocytic leukemia stain lightly, although the prolympho-
cytes and lymphoblasts stain someswhat less intensely. Further studies con-
cerning the variations of sulfhydryls in the cellular elements mn leukemia
and other diseases affecting the hemopoietic system should yreld significant
results

Following \-rachation, there is a marked reduction in active thiol groups
in the lymphoid cells of the lymph nodes and spleen of the rat ¢ This reduc-
tion occurs within two to four hours after radiation and returns to normal
about the twelfth hour. These changes in sulthydryls parallel the changes
in the Gomon allaline phosphatase reaction, suggesting that these sub-
stances may play a sigmficant role in lymphocyte metabolism and radio-
sensitivity ¢

Carbohydrates

Both glycogen (saliva-labile) and mucopolysaccharides (saliva-resistant)
granules can be demonstrated in the cytoplasm of the lymphocyte! 2 ¢ 10:3%
63 84,87 70 T4 £3,99 114 apq ats progenitors. Although several methods have
been employed for the demonstration of these carbohydrates, !> r-x:u. & the
periodic aad-Schuff (PAS) method 15 the most sensiuve and most widely em-
ployed 42 #* 9t PAS-positive granules are scattered throughout the cytoplasm
of the lymphocyte (Fig 3-21) with greater numbers of these granules localtz:
1ng m the cytoplasm in the region of the nuclear hof These granules do not
appear to be related to morphologic structures seen 1n the living cell or
following staining with the Romanovshi dyes.” The.numher of PAS~posm\‘e‘
granules tend to be shghtly greater n the more immature l)mphocy(ES"
and the lymphoblasts Most mvestigators have actributed the PAS-r;asnnc
granules to glycogen since they are salna-labile provided alcholic fixatnve
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was employed. Formalin vapor and Pormalin fisatives yield better cellular
fination and staining but tend 10 bind the glycogen o cellular proteins,
making the glycogen vesistant to both sativa and purificd amylase diges-
tion®

In comtrast to the normat lymphocytes, the glycogen content of the
lymphoid cells of chronic lymphocytic leuhemia (Fig. 3-28) and hymplio-
satcoma (Fig 3-20) possess relatively large amounts of glycogen.t- % 1.7
# 14 The glycogen content of nucleolated lymphocytes in chronic lympho-
aytic leukemia is greater than in nonmnucleolated lympliocytes,™ although
other imvestigators™ have found no dilferences. The lymphoid cells of acute
lymphoblastic leukemia (g, 3-30) differ from those of chronic lymphocytic
leukemia and lymphosarcoma in that the lymphoblasts possess little or no
demonstrable glycogen with the PAS reaction.* ™ Thus finding has been
correlated with the absence of phosphorylase activity in the lymphoblasts in
acute lymphoblastic leulenua™ while the phosphorylase activity of the cells
of lymphosarcoma and chronic lymphocytic leukemia is present, frequently
in relatively large amounts It has been observed that while in most instances
the glycogen content of the cells of lymphosarcoma is mcreased, the cells
from certain patients with this disease may exhibit very little glycogen in
therr cytoplasim® ™ It has been stated!® * that in leukemia glycogen tends
to appear relatinely early in the maturation of the lymphocyte and increases
during celtular differentiation

The presence of glycogen m Jeukemic cells is a significant findig and can
be used with discretron as an md m diagnosis of normal and various lympho-
¢ytic diseases, although 1t must be remembered that glycogen may also be
present 1n increased amounts i certam nonleuhemic conditions exlubiting
lymphocytoses, € g, infectious mononucleosis - 3 ™ * Also, glycogen 15 de-
creased i Jymphoblastic leukemia® * and n certan cases of lymphosar-
coma*

Lipids

Although most 1nyestigators!? 40 50.62.74 83 6,92, 93 100. 113 have failed to
demonstrate Iipids 1n erither normal or abnormal lymphocytes following
stammg with fat soluble dyes, ¢ g . Sudan black, Sudan orange, and o1l red O,
sudanophilic granules can be seen m the cytoplasm of both mature and
developing lymphocytes and lymphoblasts in human lymph nodes ! 2 These
sudanophihic granules are small and inconspicuous and tend to Jocahize near
the nuclear hof They appear to be shightly more numerous and prominent
m the lymphoblast than 1 the mature lymphocyte and probably represent
mitochondna and/or cytoplasmic granules or vacuoles.! There is no ap-
parent difference in the number of sudanophilic granules present in the
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Fies 328 through 336 stochemustry of leukemic lymphocytes (x 2000, reduced 25
per cent)

Fic 338 Lymphocyte from chronic lymphocytic leukemua stamned by the penodic acid-
Schuff method Note large number of PAS positive cytoplasmic granules

Frc 3-29 Lymphosarcoma cells stamed with the periodic acid Sciuff method resealing
a large number of PAS-posittse granules n their cytoplasm

Fi¢ 330 Lymphoblast (arrow) from acute lymphoblasuc leukemia stained by the
periodic acid Scluff method PAS-posttive granules are very small and are generally less
numerous than in normal lymphocytes

Fic 831 Two lymphocytes Irom chronic lymphocytic leukemia stained for protein-
bound sulfhydryls by the DDD method Sulffiydryls localize to the cytoplasm and nu
clear sap.

Fic. 13)-32 Two Iymphosarcoma cells stained by the DDD method for protein bound
sulfhydryls Sulhydryls can be locabzed to the cytoplasm and nucleoplasm

Fic 233 Considerable vanations in sulthydryl content of the Iymphosarcoma cells
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ymphoid cells in lymph nodes fram patients with chronic Iymphatic leu-
kemia and lymphosarcoma and those in normal lympli nodes® In blood
fitms sudanophilic granules have been demonstrated in the lymphoid cells
of chronic lymphocytic leukemia® = lymphosarcoma,® and acute lympho-
Dbtastic lenkemial?

Masked or bound hpids have been demonstrated in both the cytoplasm
and nucleus of the lymphocytes (Fig. 3-22) in ficed blood films after ex-
posure to organic acid and subscquent staming with Sudan black.? Follow-
ing this procedure, numerous, fine, blue-black gramules can be readily seen
in the cytoplasm of the lymphocyte, and the nucleus becomes sudanophilic
but stains a brown color (Fig. 3-22). It is questionable, however, whether
this nuclear sudanophihia is due to nuclear bound lipid Following the Baker
acid hematin method for phospholipids, the only lymphoid cells observed to
contain phosphohipids are the lymphoblasts in which they are hmited to the
mitochondria}?

P 1 can be de d in very small amounts in the lymphoid
cells of the blood® 337" and lymphatic tssues® 13 following the plasmal re-
action. A small number of tiny, pale, staining granules are scattered in the
cytoplasm but tend to localize mear the cytocentrum and mitochandria,
Cholesterol and cholesterol esters cannot be demonstrated histochemically
in the lymphocytes or their precursors

Present methods for the demonstration of lipids appear of httle practical
salue 1n the study of lymphocytes in health and discase primanly because
the histochemical methods for lipoprotemns and phospholipids are as yet
not adequate,

Enzymes
Alkaline Phosphatase.  The lymphocytes of the blood exlubit a negative
reaction for aikaline phosphatase following both the calcium phosphate®®
4382 93,104 3nd azo dye™t M1 methods, while the lymphowd cells of
lymphatic tissue exhibit a variable but weak reaction 3% 37 33 43.61. 95 101 13

from different patients can be scen in comparing Figs 332 and 333 Sulfhydryls are
Jocahized in the cytoplasm and mueclear sap while the chromaun and nuclear memibrane
are essenually unstaned The large vacuole seen m the cytoplasm of the lowest of the
three lymphosarcoma cclls represents 4 glycogen deposit

Fio 334 Two lymy from acute lymp leukemia staned for sulfhydryl
groups by the DDD method Considerable amounts of sulfhydnyls are demonstrable i the
cvtoplasm and nudleoplasm of these cells

Fic 335 Lymphocytes from chromc lymphocytic leukemia stained for nonspecific
esterase (indoxyl acetate substrate) Indigo crystals localize m the cytoplasm of the four
Iymphaid cells

Fio 336 Lymphosarcoma cells stained for nonspecific dehydrogenase, using nitro BT
as the substrate Dehydrogenase 13 localized 1n the mitochondna,
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Fics 828 through 336 Histochemistry of lenkemic lymphocytes (X 2000, reduced 25
per cent)

Fic 328 Lymphocyte {rom chironic lymphocytic leukemia stained by the periodic acid-
Schuff method Note large number of PAS-positine cytoplasnuc granules

Fic. 329 Lymphoszrcoma cells stained with the periodic acid Schiff method reveaking
a large number of PAS positive granules in their cytoplasm

Fic 330 Lymphoblast (arrow) from acute lymphoblastic leukema stained by the
periodic acid Schiff method  PAS posttive granules are very small and are generally less
numerous than in normal jymphocytes

Fic 3-31 Two lymphocytes from chrontc lymphocytic leukemia statned for protern-
bound sulfhydryls by the DDD method Sulfhydryls localize to the cytoplasm and nu
clear s3]

Fic, g!'.’ Two fymphosarcoma cells stained by the DDD method for protein bound
sulfhydryls Sulfhydryls can be locahzed to the cytoptasm and nucleoplasm.

Fic. 833 Considerable vanations mn sulfhydryl content of the lymphosarcoma cells
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Fics 3-37 through 3-12 Hustochemustty of sections of hmphod tsue

Fic 337 Demonstration of protein bound sulfhydnyls in (he avtoplism of the small
fymphocytes and stellate reticulum cells 1 normal humin hmph nodes DDD method
with nucler counterstaimed with methyl green (% 1800 reduced 25 per cent)

Fic 338 Demonstration of acid phosphitase acusity 1n the cytoplasm of lymphacytes
and stellate reuculum cells from normal human lymph node Nuclear staming has been
considered to be nanspeafic Gomont acsd phosphatase method with prolonged incuba
uon ume (16 hours). (x 1800, reduced 25 per cent)

Fic $39 Allaline phusphatase 15 demonstrable 1m small amounts m the ytoplasm of
the lymphocytes and stellate reticulum cells of normal human lymph nodes Nuclear
staiming has been considered as nonspeaific Gomori alkahine phosphatase method with
prolonged incubation ume (16 hours) (X 1800 rcduml 25 per cent)

Fic 340 L of betaglic howd cells of rat spleen Darker
statming cells represent macrophages \[ullml of Sehgm:m et al (x300 reduced 25
per cent)

ki 311 Rat hmph node stained for alkaline phosphatase by the Gomon method
Incubation tme 14 hours (x 300, reduced 25 per cent)

Fig 312 Rat lymph node stained for alkaline phosphatase by the Gomori methad

2 hours following 600 T total body x radiation Note the marked dectease in reactnaty of
the lymphoid cells following radiation Incubaton ume 11 hours (x 300, reduced 25
per cent)
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“filh short incubation times the Iymphocytes (one of thirteen patients)
with chronic lymphocytic leukemia revealed increased phosphatase reactions,
fvhile the lymphocytes in acute lymphocytic leukemia were essentially lack-
ing in enzymatic activity.® With prolonged incubation times, 14 to 18
bours, the lymphoid cells in normal human lymph nodes (Fig 3-39) and
spleen show a positive reaction with the calcium phosphate method '3 A
nonspecific nuclear reaction is most prominent with this technique,* %
while the cytoplasm of the lymphocytes and lymphablasts shows a weak re-
action for alkaline phosphatase activity.! Lymphoid cells from lymph nodes
exhibit no increase m phosphatase activity in lymphosarcoma or chronic
Iymphocytic leukemia with the Gomori method.! The interpretation of
positive reactions of lymphoid cells as indicating alkaline phosphatase must
be guarded. 5-Nucleotidase activity is demonstrable in the cells of the
germunal centers of normal human lymph nodes, but these investigators
were unable to demonstrate alkaline phosphatase activity by either the
Gomort method or the azo dye procedures.*

The alkaline phosphatase activity of normal lymphocytes is markedly
altered in the lymph nodes (Figs. 341, 342) and spleen of rats within twe
hours followmng total body v-radiation at which time there is 2 decrease 1n
phosphatase activity of the lymphocytes as measured by the calcium phos-
phate method of Gomori.?

Acid Phosphatase.  Some lymphocytes in the normal blood have yielded
a positive reaction for acid phosphatase Jlocalizing in their cytoplasm near
the cytocentrum followmg the lead phosphate method of Gomori #* When
this reaction is applied to lymph nodes by using prolonged mcubation times
(Fig 3-38), a varable reaction is obtamed in the lymphoid cells, with
Iymphoblasts exhibiting a somewhat more intense cytoplasmic reaction than
the more mature lymphocytes ! However, most investigators®™ have failed
to demonstrate actd phosphatase activity in the lymphocytes of the blood
and lymphatic tissue Nonspecitic nuclear stawning may be obsersed in the
Iymphocytes 1n both the blood and lymphatic tissue following the Gomon
procedure The positive reaction of lymphord cells to the Gomori method
must be mterpreted with caution.

Lymphocytes present in guimea pig spleen are negative followng the azo
dye methods for acid phosphatase employing alpha-naphthyl phos;{hate as
the substrate.”® but with 6-benzoyl-2-naphthyl phosphate splenic tissue 1s
stained although germinal centers fail to react unless mcubation ames are

1 18 Acid phospl actnty could not be demonstrated n normal
mph nodes when the 6-benzoyl-2-naphthy] phosphate substrate was

T &
human ly
employed.

Esterase and Lipase. Lipase and esterase activity has not been demon-
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dase activity with the metliod employed 1%

Dehydrogenases.  Succinic dehydrogenases is demonstrable in the cyto-
plasm of the ymphocytes in nornal blood™™ % and lymphatic tissue.!> 16
0.0 Although other investigators have failed to demonstrate dehydro-
genase activity in lymphatic tissue,?% 1 the lymphocytes exhibit one to
several fine, purplish granules m their cytoplasm following incubation in
buffered neotetrazolivm.'* Nitro BT appears to be a more sensitive sub-
strate and permits better localization of dehydrogenase actinity n the lym-
phocytes than is obtained with neotetrazolium in the blood and lymphatc
tissue (spleen).™ In lymphatic tissues (lymph nodes and tonsils) the neo-
tetrazohum reaction reveals dehydrogenase activity in about half of the lym-
phocytes ' The nitroncotetrazolium chlonde (NNT) substrate yiclded
negative reactions when applied to the spleen even alter usmg an estended
tine m incubation ¥ Marked varfations in dehydrogenase activity of the
lymphogytes in chromie lymphocytic leukenua have been observed '™ The
percentages of reactine lympliocytes n ten cases of chronic lymphocytic leu-
Kemma were as follows one case with 10 per cent, six cases with 2 to 5 per cent,
o cases with over 90 per cent, and one case with no lymphocytes exhibing
dehydrogenase activity. Dehydrogenase activity demonstrated with 2,3,5-
triphenyl tetrazohium chlonide (TTC) as the substrate reveals no appre-
ciable activaty with only a few hine formazan crystals in the lymphocytes in
the follicles and pulp of the normal lymph node * In contrast to the normal
cells, the lymphocytes i lymphocytic leuhemia and lymphosarcoma reveal
active reduction of formazan, indicating increased enzyme activity in these
abnormal cells !9 Lymphocytes 1 the persfollicular and pulp areas of the
normal spleen exhibit several fine and coarse formazan granules i therr
cytoplasm while the smmature cells of the nodules exlibit less dehydrogenase
actnity.’* The endogenous dehydrogenase actinty of the lymphocytes, par-
uicularly i the perifollicular areas, 15 1ncreased in hypersplenism > By apply-
mg a modified nitro BT procedure to normat and leukemic lymphocytes of
the blood, dehydrogenase activity has been obsersed in the lymphoid cells of
lymphosarcoma (Fig 9-36) and to a lesser extent i lymphoblastic leu-
hemia® Normal lymphocytes (Fig 9-27) and those of chrontc lymphocytic
leukemua only rarely exhibited a positive reaction with this procedure The
dehydrogenase activity was localized to the mitochondria® Histochemical
demonstration of dehydrogenase activity 1s a relatively new field The wide
rariety of techmques and the use of tetrazohum salts i the study of lym-
phoid cells must be evaluated m the hght of newer and more sensitive
methods

Cytochrome Oxidase. Between 5 and 20 granules reacting with indo-
phenol blue are demonstrable in the cytoplasm of the lymphocytes 1n the




44 The Lymphocyte and Lymphocytic Tissue

strated histochemically in the lymphocytes by either the older Tween
methods* or the more recent azo dye procedures employing alpha-naphthyl
acetate, *7 beta-naphthyl acetate,?* napthol AS acetate,® napthol AS chlor-
oacetate,** and 5-bromo-indoxyl acetate as substrates.’” Cytochemically only
minimal amounts of esterase activity has been ascribed to the lymphoid cells
in lymphatic tissue.®* 3 Howezer, using the indoxyl acetate substrate with
vital preparations, esterase activity can be seen in the cytoplasm of the lym-
phocytes (Fig. 3-26) as deposits of indigo blue crystals which tend to localize
near mitochondria.” Larger lymphocytes may exhibit a somewhat greater
esterase activity with this method than the small lymphocytes in normal
blood.” Esterase activity has also been demonstrated in the cytoplasm of the
lymphoid cells from patients with chronic lymphocytic leukemia (Fig 3-35),
lymphoblastic leukemia, and lymphosarcoma.® However, significant differ-
ences in the reactivity of these abnormal lymphocytes and normal lympho-
cytes was not observed with this technique.® By using 2 modified procedure
and napthol AS acetate as the substrate, esterase activity has been demon-
strated in the cytoplasm of lymphocytes m fixed films in both normal blood
and lymphocytic leukemia 1% Lymphocytes fail to stain following methods
for the demonstration of cholmesterase3 113 Nonspecific esterase activity
ncreases 1n the lymphatic tissue of the rat during the regeneration period
following x-radiation and decreases during the degenerative period © Im-
provement of histochemical methods for esterases may jyteld interesting
results.

Phosphorylase. Phosphorylase actvity could not be demonstrated in lym-
phocytes m normal blood films from a number of different species, melud-
ing man,’? or 1 the lymphoid cells of lymphatic tissue.1%" %2 However, the
great majonty of lymphocytes in chronic lymphocytic leukemia and lympho
sarcoma exhibit phosphorylase activity, while the lymphoblasts seen 1n one
case of acute lymphoblastic leukemra exhibited no phosphorylase activity *
A positive correlation was noted between phosphorylase activity and the
glycogen content 1n these cell forms, since glycogen was present 1n mcreased
amounts 1 lymphosarcoma and chronic lymphocytic leukemia and de-
creased 1 acute lymphoblastic leukemia ™

Beta-Glucuronidase. Beta-glucuronidase activity has been demonstrated
i the lymphod follicles of the spleens®. 40 91,108 (Fig. 3-40) and tonsils but
could not be definitely localized to the lymphod cells 1* The cytoplasm of
the Tound cells of the follicles exhtbits the highest enzyme actrity, partic-
ularly the cells ac the periphery of the follicles #* Considerable activity also
has been described 1n the round cells of the splenic pulp*® # although germ-
1nal centers are totally or partially unreactive 3 Lymphocytes as well as other
leukocytes in blood and bone marrow films farl to exhibrt beta-glucurom
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localiration of various enzymes within the lymphoid cells, particularly the
dehydrogenase, onidative, and synthesing enzyme systems. Development of
new techniques, wider application of present histochemical methods, and
phase microscopy will continue to advance our knowledge ol the structure,
chemistry, and metabohism of the lymphocyte in both health and diseasc.
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blood™ and Iymphatic tissues® of man following the nadi reaction for cyto-
chrome oxidase, These granules tend to localize on the mitochondria of the
lymphocyte, indicating the presence of enzymatic activity in these struc-
tures.” *° No quantitative differences in the G. nadt reaction were apparent
between norma] lymphocytes and those from patients with Jeukemia, lym-
phosarcoma, Hodghin's disease, or tuberculous lymphadenitis 3

The spectficity of the M. nadi method for cytochrome oxidase has been
questioned and possibly may represent a fatty peroxide rather than an oxi-
dative enzyme The M. nadi indophenol reaction when applied to the lym-
phocyte has consistently been negative except in inflammatory exndates,® &
n which cases the lymphocytes become very reactive and may exhibit up to
60 mndophenol granules in their cytoplasm. This change in reactivity of the
lymphocyte during the process of inflammation is correlated with an increase
in sudanophilic and PAS-positive granules, peroxidase, and acid and alka-
line phosphatase activity in these cells.®

Additional Enzymes. Attempts to demonstrate peroxidase activity m
lymphocytes were consistently negative.?® 6 Phosphamidase has been local-
1zed to the lymphoid tissue of the spleen®® but could not be demonstrated mn
normal and hyperplastic Iymph nodes 2 With prolonged incubation times, all
the cells of the spleen react positively for phospharmdase, and the mature
Iympliocytes exhubit a greater activity than lymphaoblasts.® Beta-gal lase
has been localized to the lymphotd cords and follicles of the lymph nodes
and n the red pulp of the spleen  Ascorbic acid has recently been dem-
onstrated in small amounts in lymphocytes present in normal peripheral
blood ¥

Antibodies. By using the fluorescent antibody techniques, “antibodics”
have been demonstrated 1n small amounts in the lymphoid follicles of the
lymph nodes and spleen 1n contrast to large amounts of fluorescent tagged
anubodies observed m plasma cells ® These observations suggest that the
Iymphocytes apparently do not play a significant role i antibody formation

SUMMARY

During the past few years we have added considerable to our knowledge
concerning the chenncal composition of the lymphocyte It has become in-
creasingly apparent that histochemical obsersations must be correlated with
cellular morphology as seen in the living cell Valid characterization and
apalysis of the morphology and histochemrcal structure of the cellular ele-
ments 10 leukemia must be derved from untreated patrents Studres con-
cerning the effects of various therapeutic agents upon the chemstry of fhc
leuhemic cells have been only fragmentary Perhaps the most promising
area for further histochemical observations is m the demonstration and
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cised. The thinness of the scctions used is of critical importance to the
observer. A section of average thickness passing through the equator of a
roundedup cell contains considerably less than 1 per cent of the total
solume of the cell. Tt is obsious that structures visualized in micrographs of
this section are surely present in the cell, but the absence of any known
or anticipated structure is not an indication that the cell does not possess it.
The thin sections of electron mictoscopy also impose severe limitations on
measurements of size, judgment of contours, and esumates of population
densities. A discussion of these limitations, with special reference to blood
cells, has been presented elsewhere (Reference 11, pp. 2:7). The proper
interpretation of very high resolution electron micrographs may be attended
by similar difficulty but for a distinctly different reason. In micrographs now
rontinely obtamable, resolution far surpasses section thinness, so that great
difficulty may be encountered with proper judgment of size, shape, number,
density, etc., when very small structures are being interpreted. This is be-
cause the optical situation in an electron microscope is such that the entire
thickness of a section is equally clearly in focus. Depth of field esceeds
section thickness in electron microscopy, whereas the reverse is true in light
microscopy. The bearing of this phenomenon on interpretative problems,
including a comparison with the optical situation in light microscopy, has
been discussed in a previous paper (Reference 14, pp 242216). Both thin
sections and the umque optics of the electron miscroscope are responsible
for charactenstics in electron micrographs that are unfamiliar 1o light micro-
scopists, Thesr fundamental nature 15 such that they point up the need for
an essentially statistical approach to the analysis of protoplasmic ultra-
structure. Final judgments may be considered safe only when based on a
large number of electron micrographs These, m turn, must be interpreted
with due regard for their inherent Limitations as well as for the wealth
of new detail they present

Special interpretatie care should also be taken when comparing electron
micrographs with hght micrographs of dried smear preparations. In the
latter all the contents of the cell remaning after drying and fination are
piled one on top of the other on the shide. The resultant patterns may be
different from those of the thin sections of electron microscopy, where only
a thin lamina of the cell 15 present Furthermore, the patterns visualized by
the chromatic dses of light microscopy differ from those visualized m elec-
tron micrographs, since the latter are largely an expression of the affinity of
030, for ethylemc double bonds.®s

The morphologic patterns familiar to the light microscopist cannot be
expected to repeat themseles exactly 1n electron microscopy But the wealth
of new information afforded by electron micrographs more than counter-



CHAPTER 4

ELECTRON MICROSCOPY OF THE
LYMPHOCYTE*

FRANK N, LOW

The structure of blood cells, including the lymphocyte, has been observed
with the electron microscope by numerous mnvestigators in recent years.! ™ An
account of the ultrastructure of blood lymphocytes, somewhat more detailed
than other contributions, may be found in the description of normal and
leukemic human blood by the writer and James A. Freeman ™ This chapter
recapitulates the essential pomnts of the onginal description, adds certain
details recently clartfied, and compares the ultrastructure of the lymphocyte
with that of certam other blood cells. The electron microscopic blood pic-
ture i normal and leukemic human blood s mterpreted with reference to
the probable relatonship of the lymphocyuc series to the other develop-
mental sertes of blood cells

MATERIALS AND METHODS

Penpheral human blood was used exclusively 1o tlus study. Samples were
obtained by the Freeman method™ which is based on careful use of non-
wetung agents and vefrigeration This method daes not add any foreign
substance to the blood prior to finatton The remainder of the techmique,
cluding buffered OsO, hxation,’+ was empirically modified to facihtate
handling of the buffy coat but did not duffer 1n any essentral respect from the
routine preparatory techmques of electron microscopy described by Far-
quhar

Electron mrcrographs differ from light micrographs 1 certain ways that
may lead to sigmficant interpretative errors, unless proper caution is exer-

o Thus wath way suppotred i pere by Grang H 1663 from the Natsonal Instituites of Ilealth,

United States Public Health Service
st
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files of endoplosmic veticulim are sparse compared to the larger number
in certain other cells (monocyies) but are always present to some extent
Other formed clements, such as compound vacnoles, Golgl zone, contrioles,
azurophilic granules, and bpid grantdes, may or may nov be present in the
plane of section.

Cyrortasy

Lymphocyte nntochondria ave arge (Tig 1-1) with sausageshaped forms
predomunating (Reference 11, pp 102-107), The clearly double enstae are
characteristically orichted at right angles to the ong asis of the mito-

T 43 Lampliocytes normual Buoman bload
Enduplasnue reticafum (er) and mitachondrm
{m) are vinble. In Fags 11, 42, and 43, the 2
nucleoplasmuc densities, hight and dard, are
arcanged in the essanvally patternless fashion
thit charactenzes lymphocytes, and their welk
derelaped tontrast ndicates mature cclls The
number of mitachondrin (m) n these partcular
Wt secuons are smaller than wsual (see Fig
!' th) (x 8500

[3

chondrion In the round or oral torms, the cnstae are usually irregularly
arranged or even alnent, a arcumstance suggesting that the plane of section
passes ar nearly night angles to the long axs The nutochondria may be
located anywhere n the ¢(ytoplasm Ocastonally a cluster of them 1s observed
around the Golm zone Mitochondral ultrastruciure in the lymphocyte
conforms to the pattern nell recognized to be charactenisi of mttochondria
m general.’¥

The endoplasmic retrcuinn 1w lymphocytes 1s visible as small, rounq, oval
or sometimes arregniar profiles (Figs. 44, 3-5). This form 15 charactensuc
of all blood cells excepy plasma cells. The profiles are scattered at random
thioughout the (ytoplasm and each » composed of a single dense membrane
which encloses a dlear mea* Near the suriace of the cell, the profiles are
frequently s linear relanonship to each other and are closely associated
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balances interpretative difficulties, The gradually accumulating knowledge
of ultrastructure in lymphocytes and other blood cellst 11 m:lycnou- be c:L
lated with the classic evidence obtained from the light microscope’s 1 1o
formuiate new concepts of hematologic organization,

RESULTS

Lymphocytes in electron microscopic preparations may present consider-
able variations in general appearance (Reference 11, pp. 6177), but a
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Fic 41 Lymphocyte, normal human blood The generally clear cytoplasm
and sparse profiles of endoplasmic reuculum (er) and nudcleolus (mi) are all

charactersstic. (X 8600)
Fic 4-2 Lymphocyte, normal human blood. A nucleolus (mu) s vistble, and
profiles of endoplasmic reuculum are visible (er) In the generally clear oto-

plasm  (x 9500)

e T

distinct structural type 1s recognizable (Figs 4-1, 42, 4-3, 410). The
nucleus 1s often large and well rounded, but slight vanations of contour may
become exaggerated due to the thimnness of the section The nucleoplasm
shows two different densities (Figs 4-10, 4-11), the dark and the hght areas
beng mixed haphazardly with each other without the definite patternization
that occurs m other mature blood cells (Reference 11, pp. 45, 57, 78) One
or more nucleol may be present, depending on the plane of section. The
outstanding charactenstic of the ¢y toplasm 15 1ts clarity, which 1s conspicuous
when compared to that of other cell types. Among the formed elements the
rather large mstochondna are ¢onspicuous The small circular or oval pro-
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with the outfoldings of cytoplasm that characterize many lymphocytes pre-
pared by this technique.

Compound vacuoles are a notable feature of lymphocytic ultrastructure
(Figs. 1-5, 1:6) , although occurring in other blood cell types (Reference 11,
p- 117}, notably blood monocytes, and in the rat spleecnt® They consist
essentially of a variable number of small vacuoles contained in 2 larger
one. Outside of the larger vacuole, there are frequently clusters of smaller
ones which are indistinguishable from the small ones nside. The vacuoles
in the complex are structurally separate. The number of small vacuoles

7

§

Fic. 4 7. Detail of lymphogyte, normal human blood The Golg: zone (G) consists
of flattened sacs, smaller rounded profiles, and 2 few large vacuoles. Within the
concanty of the Golgt zone 15 the relausely luad and nearly structureless centro-
sphere (cs) In the center of the latter 13 a centniole (cf), here cut 1n cross section
The 2 components of the nuclear membrane (nm) are closely approximated 1n some
areas and more widcly separated in others (x 41.000)

within the parent vacuole 1n a single section vary from only one or two to a
conglomerate so densely pached that recogmtion of the complex as a com-
pound vacuole may be difficult

The “small particulate component” of Palade™ 15 readily recognizable
blood lymphocytes (Figs 4-1, 1-5, 1-6), but the granules do not show an
affimty for the endoplasmic reticulum This situation 1s characteristic for
all of the blood cells except plasma cells (Reference 11, pp 112, 322)

The Golgr zone, centrosphere, and centrioles are so iumately related in
lymphocytes that they merit description together The established concept
of hight microscopy for large lymphocytes'™ 1s that two centrioles are sur-
rounded by a cytocentrum which i turn 1s surrounded by the Golgi zone



Fie. 44 Derand of Jarge lymphocyte; normal human blood The
large hondria (m) are P The cwcular prafiles
probably represent cross sections Numerous profiles of endo
plasmic reaculum (er) and randomly scattered Palade granules
(pg) may he seen (x 21,000)

Fic 4-5 Detal of lymphocvie, normal human blood Numerous profiles of
endoplasmic reticulum (er) are ssible above Each of the 2 compound vacuoles
(cvy has a cluster of small vacuoles around 1t (X 29,000)

Fic 46 Detnl of hymphocyte normal buman blood This compound
vacuole (cv) 1s typical, with a cluster of vacuoles surrounding 1t and numerous
small profiles within ( 53,000}
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with the owmfolings of cytoplasus that chiaracterize many lymphocytes pre-
pared by 1his technigue.

Compound vacnoles are a nowble feature of fymphocytic ulrastructure
(Figs 45, 4 G), althongh occusring in other blood cell types (Reference 11,
p 117), notably blood monocytes, and in the rat spleent® They consist
essentialhy of a variable number of small vacuoles contained in a larger
one. Owside of the larges vacwole, there are {requently clusters of suwatler
anes which are indistinguishable from the small ones inside. The vacuoles
tn the comples are structurally separate. The number of small vacuoles

1o, 47, Dernl of lymphocyte, normal human blood The Golgs sone (G} consests
of Rantened sacs, smaller rounded profiles, and a Tew farge vacuoles Within the
coneavity of the Golge zone 15 the relatisely luad and rearly structureless eentro-
sphere {e5) In the center of the fatter 1s a centriole (cl), here cut 6 cross sectiom,
The 2 components of the nuclear membrane {nm) are closely approvimated in some
ateas and more widely separated o others (X 41,000)

wthin the parent vacuole i a single section vary from only one or two to a
conglomerate sa densely packed thay recogmtion of the complex as a com-
pouand vacuole may be difficult

The “small particulate component” of Palade® 13 readily recognizable in
blood lympliocytes {Figs, 4 £, 45, 1.6), but the gravules do not show an
afhnity for the endoplasmic Teticulum. Thus situaton 15 characteristic for
all of the blood cells except plasma cells (Reference 11, pp 112, 322)

The Golg zome, centrosphere, and centriotes are so wmumately related in
lymphocytes that they merst description together The established concept
of hight microscopy for large Iymphocytest 13 that two centrioles are sur-
rounded by a (ytocentrum which n wm 1s surrounded by the Golg zone



60 The Lymphocyte and Lymphocytic Tissue

In small Iymphocytes the Golgi 7one is usually to one side of the centro-
sphere. In fortuitous sections (Fig. 4-7) the Golgi zone is demonstrable as a
series of flattened sacs, circular or oval profiles of vacuoles, and larger
vacuoles with clear center and indistinct outhnes, The flattened sacs have a
curvature which partly encircles the centrosphere. The centrosphere tself
1s generally Tucid but of irregular density and usually contains no clearly
defined structures except the centrioles. Occasionally one (Fig. 4-7) or,
more rarely, two centrioles may be observed within the centrosphere The
centniole, when visualized in cross section, is seen to be composed chiefly of 2
circlet of nine rodlets. The electron microscopy of the centrioles, centro-
sphere, and assoctated Golgi zone in blood cells has been described by
others,*t

Azwoplile granules and granules or droplets of high lipoid content are
both recognized to be inconstant mclustons of lymphocytes * The former
are only infrequently seen in electron microscopic preparations (Reference
11, p. 121). They are composed of a moderately dense, homogeneous core
which is surrounded by a lucid 7one On the outside there 15 an apparently
membranons covering of about the same density as the core. Granules with
hugh lipoid content are very vanable 1n size, shape, and density. Often an
inclusion within the granule occupies more than half its area in the micro-
graph and may be either denser or more lucid than the core Occasionally
there may be lammnation (Reference 11, p, 123)

NucrLeus

The nuclear membrane of lymphocytes has no special features, conformimg
to the pattern of ultrastructure characterizing cells in general (References 11,
p 119, and 22). It 15 double, with each component tracing an irregularly
wavy course. Nuclear pores are present and seem to be more readily demon-
strable 1n the larger cells The nucleol of lymphocytes possess no structural
organization special to the lymphocyte 2 Close examinauon of nucleolt
reveals a structureless background somewhat denser than the nuclear sub-
strate clsewhere (1¢, m areas of the nuclens not contamning a nucleolus) . A
heavy population of the dense granules that are charactersstic of nucleoplasm
fixed by the buffered OsO, technique completes the picture.

Nucleoplasmic density m these OsO, preparations 1s worthy of special
notice, since 1ts patternization 15 a most useful index of the stage of de-
velopment of the cell (Reterence 11, pp 261, 281). The dense granules of
the nucleoplasm are wregularly distributed aganst an amorphous back-
ground which tself may be subject to considerable density variation,
especially mn mature cells In very young cells such as the myeloblasts, mono-
blasts, and lymphoblasts of the peripheral blood of leukemic patients, both
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nuclear granules and substrate are so evenly distributed that the nucleus
as a whole is of even density (Fig. 1-8). As development progresses, changes
in granular concentration and density of substrate produce dark and light
areas of nucleoplasm (Fig. 1:9). Patterns characterstic of the different cell
types are formed, the greatest contrast barween hght and dark areas heing
attained m the mature cells (Figs. 4-10, 1-11).

L 1%
ISRV NS

Fic 48 Lymphoblasts, lymphocytie kubemns Note the cvan density of the meleo-
plum everywhere except at the nucleoh (mu) The cytoplasm s extramely luad and
the mutochondria (m) conspacuous (X 5500)

Fig 49 Monoblasts and cell of lymphocytic serics, monoblastic leukenua The mon-
ablasts (MB) have darh cytoplasm with miochondria (m) The nucicoplasm has begun
to differcntiate chuelly as a thin dark band imside the nuclear membrane The cyto-
plasm of the cell at L 15 very light, and thes wlentifies 1t as a member of the lympho-
cyuic series (X 6100)

The Iymphocytic and monocytic sertes of development can readily be
recognized (Figs 4-8, 1-9) mn the pertpheral bload pictures of the leukemias
mvolving these two developmental series (Reference 11, pp 284-293) The
lymphocytic sertes 1s characterired by very lucid cyvtoplasm that 15 generally
clear except for the large mitochondria that are olten the only conspicuous
contents {Fig 4-8) The nucleoplasm differentrates, as the cell passes from
lymphoblast to lymphocyte, into light and dark areas These areas, however,
are arranged 1n an essenually patternless fashion (Figs -1, 12, 43, 4-10).
without noticeable affimty of the denser portion for the nuclear membrane
The monocyuc sertes can be readily cistingwshed from the lymplocytic



62 The Lymphocyte and Lymphocytic Tissue

series because it is characterized by dark cytoplasm having a generally
spechled appearance. The latter is largely traceable to abundant endoplasmic
reticulum and to small mitochondria. The nucleoplasm begins its differ-
entiation in the monoblast as a narrow dense band just inside the nuclear
membrane (Fig 4-9) The mature pattern is characterized by this band,
now wider, and a few dense areas scattered deeper within the nucleus
(Fig 4-11). Very marked distinction between the lymphocyuc and mono-

Fic 410 Lymphocyte, normal human blood The cytoplasm s clear and the nucleo-
plasm has 2 distinct denstties which are essentially patternless 1n thetr distribution
Contpare with the monocyte mn Fig 411 (X 9500)

Fic 411 Monocyte, normal human blood The speckled cytoplasm contains numer-
ous small mitochondria and profiles of endoplasmie reticulum (er) The nucleoplasm
has 2 distinct densittes the darker of which forms « distinct narrow band under the
nuclear membrane, with a few dense patches deeper in the nucleus The well-
developed nucicoplasnuc densitics of Figs 410 and 11 mdicate that the cells are
mawre (x 8600}

cytic series 15 afforded by blood in monoblastic leukemas which contamns
a few members of the lymphocytc series (Fig 4-9) (Reterence 11, pp 285,
289, 293, 295) Each ot these two developmental series in the human leu-
Lemuas 15 readily 1denufiable with 1ts own end product, the mature monocyte
or Iymphocyte of normal peripheral blood The chief charactersstics of
mature cells of these two types are summarized below.

Cells possessing all or most of the above characteristics are very readily
dentfied as either lymphocytes (Fig 4-10), or monocytes (Fig 4-11) This
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Lymphocyte Aonocyte
Nucleoplasm: dark areas distributed 1 dark band inside of nu-
essentially  patternless clear membrane, some
fashion dark areas within nu-
cleus
Cytoplasm. clear appearance spechied appearance
Mitochondria farge, moderate mumber  small, numerous
Endoplasmic smali, round or oval pro-  smatl, round or oval pro-
reticulum: files, sparse files, very numerous

holds true regardless of the dimensions of the cell, A large lymphocyte is
clearly dastinet from a monocyte. But some agranulocytes in normal, hwnan
blood possess morphologic characteristics that make uncertain their ident-
fication as enher monocytes or Jymphocytes. For example, the cell in Tigure
4-12 has an inditferent pauern of nucleoplasmic differentiation and large
mitochondria 1esembling those of a lymphocyte. But its cytoplasm has
many profiles of endoplasmic reticulum and 15 darker than lymphiocytic
cytoplasm, both characteristics suggesting a monocyte Observation of many
agranulocytes of uncertain 1dentity has faled to reveal any pattern govern-
ing the misture of confusing charactenstics, Mitochondria, endoplasmuc
reticulum, general cytoplasmic charactersstics, and nuclmplas\mc patterns
may be combined in a single cell in the forms characteristic of esther cell
type so as to produce all possible vareties of structural intergrade.

Some agranulocytes 1n normal peripheral blood possess nucleoplasm that
1s either uncertamnly differentiated (Fig 4:13) or of even density throughout
(F1ig. 414) The evidence of progressive nucleoplasnuc differentiation
afforded by the lenkemias, notably lymphatic leukemia, (Figs 4.8, 1.15)
seems (o Jusufy the classification of these cells as lymphoblasts

SUMMARY

The evidence now avalable from thie electran microscopy of normal and
leukemic human blood! may be used to compare the lymphocyte and ats
developimental serses to the other blood cells and their deselopmental sertes
In brief, the evidence from the human leakemas indicates that the parent
cefl of the bone marrow usually called a myefoblast (stem celf) and the
parent cell of the monocytic seres, the monoblast, are morphologically m-
distinguishable from each other under the electron microscope. But the
parent cell of the lymphocytic series, the lymphoblast, 15 always readily
dentifiable as such There 15 never any danger of confusmg 1t with any
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Fic 412 Umdenufied agranulocyte This “lymphocyte monocyte intergrade” cannot
he certainly rdentfied as erther cell type The large mitochondria suggest, a lymphocyte,
but the speckled cytoplasm contanmg numerous profiles of endoplasmic reticulum
resembles monocytic cytoplasm The nucleus 1s noncommiteal with some tendency for
the dense nucleoplasm to collect under the nuclear membrane But nucleoplasmic
differentizuon does not show clearly, and the cell may be rmmature (x 6000}

Fic 113 Lymphoblast, normal human blood The nearly even density of the
nucleoplasm indicates immaturity Compare with the mature }ymphocyte 1n Fig 410
and the leukemic lymphoblast 1 Fig 415 (x 6000)

Fic 4-14 Lymphoblasts normal human blood The even density of the nucleoplasm
suggests that these cells are even yotunger than the cell i Fig 413 Compare also with
Fig 4-10 and 415 (X G000y

Fic 415 Lymphoblast lymphac leukemia The even denstty of the nucleoplasm
and the extremely lucd cytoplasm arc both characterstic of Iymphoblasts In the
lymphocytic scries the early blasuc forms tend to be nouceably less dense n loth
nucleus and ¢ytoplism than mature cells Compare with Figs 4-10, 413, and 414
(% 6500)
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of the other cell types, regardless of their stage of development, In normat
peripheral blood, although there are cells that cannot be positively idenufied
as either lymphotyte or monocyte, many cells are present with lymphocytic
characteristics that indubitably connect them with the parent lymphoblast,
The few plasma cells in normal peripheral blood are, in electron micro-
scopic morphology, much closer to monocytes than to lymphocytes, and
“monocyte-plasma cell intergrades™ have buen observed. The weight of the
electron mucroscopic evidence now available argues strongly that, apart from
all other devclopmental series of blood cells and their derisatives, the lym-
phocytic series stands alone.
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CHAPTLR 5

LYMPHOCYTIC LIFE SPAN
AND TURNOVER

JESSE L. BOLLMAN

Lymphocytes are formed m several sites in the body from which they
wmigrate into the bluod and lymph The life span of the lymphaocytes would
be the total number of hody lymphocytes divided by the average of the
numbers formed in each tissue each day Another method for the determina.
uon of tde span 15 the admimistrauon of Jabeled Yymphocytes with subse.
quent deternunation of the rate of disappearance of the labeled lymphocyzes
from the biood, lymplh, and nssues A third method miolves the drainage
of lymphacytes from the body via a fymplatic fistela and the cafculation
of the decrease of the tymphocytes s the blaod There are modifications
and comlnnations of the above methods Each method. however, has several
complicatng factors which, 1 addittan o tie techmcal difficulues, include
different rates of formanon and destruction of lymphocytes in the differ-
ent tissues, the arcutation of lymphocytes from the blood, lymph, and tis-
sues, and the reutthzation of labeled materal, either by dwision of the
lymphocytes or reunhization i new Iymphocytes At the present time we
can only gise an approsunation of the hie span of lymphocstes, and even
on the approstmation there 1s 2 diversity of opinion

The bone marrow 1s most rich with lymphiocytes Yoffey and Courtice!
connted 300,000 tymphocytes per cubic milluneter from guinea pig hone
marrow and estimaterd that the total number was between ten and twenty
times that of the blood By counting the sumber of cells in visible phases
of mitosis, Widner et al? calculated, ot the basis of 25 minutes durarion
for mitosss as observed, that the c¢ils of the hone marrow of the rar were
completely renewed i from 14 to 14 days.

Yoftey,* Kindreds and 1™ have observed that a large number of labeled

Lo
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lymphocytes injected into the blood find their way into the bone marrow,
and it is believed that some of these divide to form new cells in the bone
marrow,

The lymphoid tissue of the mucosa of the gastrointestinal tract contains
about three times as many lymphocytes as are present in the blood. Lymph
from nonlymphojd tissue contains 200-800 lymphocytes as compared with
40,000-50,000 in mtestinal lymph Since the volume of intestinal lymph
that enters the thoracic duct in 24 hours is about twice that of the circulating
blood volume, about 20 tmes as many lymphocytes enter the blood from
the intestinal lymphatics as are present in the blood at any one time. These
lymphocytes, with those from the bone marrow, indicate a replacement of
blood lymphocytes in less than one hour.

External dramage of the thoracic duct or intestinal lymphatics of rats
produces a loss of 30-50 million Iymphocytes in one hour. After one day's
drainage the lymphocyte count of the lymph has fallen to about half of the
original figure, and by the end of four days only 8-10 million lymphocytes
appear in the Iymph, although the volume is well maintained. At the same
time the Iymphocytes of the blood are markedly decreased. This observa-
tion alone indicates that there must be a large recirculation of lympho-
cytes and at the same time a rapid formation of new lymphocy tes. Reinfusion
of the lymph or the lymphocytes has until recently failed to replace the
decrease observed. By meticulous care in the preservation of the lympho-
cytes to be injected, Gowans® and I** have been able to maintain a steady
fiow of lymphocytes in lymph by reintusion of the withdrawn lymphocytes
and even further to increase the number of lympliocytes m the lymph by
the infusion of additional Yymphocytes obiained from Yymph of other rais.
If Iymphocytes labeled with P32 or with Cr* were infused mto the blood,
these began to appear in the intestmal lymph within two hours. Killed
lymphocytes did not appear i the lymph in appreciable numbers but
accumulated largely 1 the spleen and liver with only traces appcanng
in other tissues Following the mjection of carefully prepared lymphocytes
which are still mottle, the number taken up by the spleen and lrver 15 much
less than with killed lymphocytes but 1s sti)l suffictently large to snccate that
circulating lymphocytes also reenter these ussues The lung also accumulates
illed lymphocytes, but only a relatively few of the Iive lymphocytes are
removed by the lung Mitouc counts of the lymphord follicles of the spleen
indicate that these replace themselves once m from 6 to 12 days, but no
account has been taken of the Iymphocytes which reenter this organ

The thymus supphies considerable numbers of lymphocytes to the blood
By studying mitotic figures m the thymus, Kindred! has calculated that
most of the blood lymphocytes in young rats are supplied by the thymus
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This and labeling techniques indicate a replacement of thymic lympho-
cytes in rats once every two and one-half days. Labeled circulating lympho-
cytes also reenter the thymus in considerable numbers, Smilar studies
of lymphocytes in lymph nodes indicate a rapid mitotic replacement of
lymphocytes Circulating labeled lymphocytes also reenter the lymph nodes
1 common with all lymphoid tissue.

Transfused lymphocytes do not remain in the blood but are there for a
short time and disappear in from one to three hours. The disintegration
of lymphocytes in the blood is not great, as lymphocytes added to blood
in vitro remain motile Tor much longer times.

Only a few lymphocytes are excreted into the lumen of the intestine, as
very few are found in the surface Jayers of the intestinal mucosa as compared
to the larger numbers found in the decper layers. Transfused Pazlabeled
lymphocytes from the thoracic duct leave the blood rapidly, and most are
found in the lymphoid tissue, depending on the viability of the lymphocytes
transfused. Van Dyke and Hufl® radiated one member of parabiotic rats
to destroy his circulating white cclls and calculated the white cells transfused
to this rat from his otherwise normal parabiotic partner. The average sur-
vival time of the granulocytes in the blood of the recipient rat was 23 minutes
and that of the lymphocytes was 170 minutes Farr® found that labeled auto-
genesis lymphocytes from lymph nodes of the rabbit disappeared from the
blood within 90 minutes. Transfused lymphatic leukemia cells leave the blood
n about one hour White* transfused bloed from men who had received
Atabrine (which labeled the Jeucocytes) mto recipients and found that the
leucocytes had disappeared from the artersal blood tn from 30 to 90 minutes.
Gowans® recovered 80 per cent of the lymphocytes transfused into the
blood from the 1ymph of the thoracic duct Certamly there is a large and
rapid migration of lymphocytes from the blood to the lymphoid tissues and
to the lymph. The number of airculations seem adequate for the individual
lymphocyte to visit most of the lymphatic ussue of the body. The daily
output of lymphocytes in the thoracic duct of a dog weighing 10 kg. was
found to be 5078 mullion daily and that of man was estimated to be 35,550
million each day

From the data avalable Osgood? has calculated that the life span of the
lymphocyte 1 the human is 100 days Less definite information is asailable
for the large and medium lymphocytes The many factors involied tn cal-
culating the hife span of lymphocytes and the lack of precision in the calcula-
tion of each of these would make this estimate an approximation
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CHAPTER 6

ROLE OF THE LYMPHOCYTE
IN INFLAMMATION

JOSEPH C. SIERACKI AND JOHN W. REBUCK

In the lesions of chronic inflammation, lymphocytes and plasma cells
form part of the characteristic inflammatory exudate. The retention of the
charactenistic lymphocyte morphology 1 such lestons as perivascular cufling
mn paresis (Fig. 6-1) and about the periphery of varnous granulomas (Fig
6-2) is so obvious that no major dispute exists as to the onigin of these cells
n these so-called small, round cell infiltrations, In such lestons, since there is
little ustologic evidence of any phagocytic powers among the lymphocytes,
some pathologists have questioned whether lymphocytes (an ever be phago-
oytic

The lymphocytes in inflammation are concerned with a number of known
wnterrelated functions Some of these are outhmed m Table 61 The -
munologic, trephocytic, and other functions will be discussed i detail by
others i this monograph

Table 61 Some Functions of Lymphoctes in Inflammation

Phagocy tows
1 Important mobule source of motile macrophages
2 Ruch m adenosinase—destroy products of protein catabolism
3 Aad acuve proteoses—remosal fibrm rh . ¢t
11 Immunologic Phenomena
Produce antiboducs, transfer hypersensitivity, etc
I Trephocytic Functions
Labile protein and nuclesc acid depots
IV Cytopotetic Funcuions
Source of other cells (eg plasma cells filroblnts) as well as other hymphocytes
o _ource of other cells (eg plasma cedlh fibroblnty as well uy other lymphocyics

71
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PHAGOCYTOSIS

Phagocytosis is an important function of exudate cells. No lesser an in-
vestigator than Metchnikoff in 1888 first demonstrated that blood lympho-
cytes in experimental ammals migrated to the areas infected with tubercle
bacill, gradually hypertrophied, and formed macrophages and epithelioid
cells. Although more positive information has been published to support
this thesis, rather than to deny it, many textbooks of pathology have ex-

.,

2.8 oL I

Fic 61 Lymphocstic infiltratons i chronic parenchymatous syphilitic encephalt
us (paresis) Nisst's stun (x 375)

cluded the hematogenous (lymphocytic) macrophages as part of our general
defense system of ¢ells This can be traced 1n part to the so-called German
school of thought typified by Aschoff In 1913 he and Kiyono published
their work? on the “large mononuclears” and did not mention the lympho
cyte because, under the conditions of therr experiments, 1t did not store
vital dyes

Another objection was the behef that lymphocytes were incapable of
ameboid motion and, therefore, could not mmgrate from the vessels into



Role of the Lymphocyle m Inflammation 73

areas of inflammation. These objections have been disproved by numerous
investigators and are no longer tenable. The literature on these views as
well as the potenuahties of the lymphocyte has been reviewed recently by
Rebuck and colleagues. . ¢

Some of the prerequisites of readily mobilized sources of potennial macro-
phages are:

Al

3
. Je
\-.*:?}LZ -

Fic 62. Subcutancous of with [§ 1 at

the periphery. Hematoxylineosin stan (% 560)

- A source of small cells readily available for transportation to the -
flammatory site

Access to a suitable means of transportation (blood stream)

The cells must be capable of motion

The cells must be capable of emigration from vessels and preferably
show a positnve ch 15 to the } agent

The cells must be able to help destroy, contain, or “neutralize” the
noxious stimulus so that healing can ensue

- 02 1

o

The neutrophilic lenkocytes, numerically the most important members
of the white cells in the peripheral blood, best [ulfill the first four of these
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conditions; however, their limited phagocytic powers are almost universally
accepted They are called microphages because they do not readly phago-
cytize large particulate macter The lymphocytes, although they do not
possess the power of positive chemotaxis, would numerically appear the
next best possibility. This 1s indeed the case, and 1t has been proved many
times. Of particular 1mportance is the demonstration of this phenomenon
m acute mnflammation.

METHODS OF STUDY

The techniques used to study the changes within the first day of the
inflammatory response should allow samples (biopsies) to be taken at fre-
quent intervals during this phase of the reaction. Furthermore, such tech-
mques should permit accurate companson of the exudate cells with the
leukocytes of the peripheral blood Direct microscopic observations, using
transparent ear chamber technique, exteriorization of mesentery, etc, haie
been used to study these changes and have confirmed the emgration and
motility of the lymphocytes Such direct techniques are of less value m
later stages of the response when the number of exudate cells are markedly
ncreased

The skin window and skin bhister techniques have been used for such
wmvestigatons The sequential biopsies may be studied with the same
methods used for examimng the lenhocytes of the peripheral blood. The
techniques and results have been recorded 1n detail elsewhere’ ¢ and will
be summarized briefly in this report.

HUMAN SKIN WINDOWS

Control Series

TECHNIQUE

The skin over the volar surface of the arm 1s shaved and cleansed with
alcohol A 5 mm area of epitheltum 1s scraped away with a stertle scalpel
untl the papillarv layer of the corium 1s reached After sterile application
of a drop of an inflammatory agent, the denuded corium is covered with
a clean, sterile cover slip Then a strip of adhesive tape 15 applied to heep
the cover slip 1n place At sutable time mntervals the cover slip 1s replaced
with a new one. The removed cover shps are rapidly air-dried and treated
like a pertpheral blood film

RESULTS

The tissue cells, fibroblasts, and macrophages are the first to react i an
area of inflammation The neutrophils are present at the site 30 mnutes
after the inflammatory stimulus,
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At 6 hours (Fig. 6-3) the neutrophils are the most numerous of the
cwudate cells. They appear somewhat smaller and show varying signs of
degenceration, The lymphocytes constitute about 14 to 14 of the exudate

He 63, Two small lympho-
cytes and six newtrophuls in the
Icsion of a control subject 1n
the sixth hour of flammn-
uon (X 900)

e A < et

cells. The majority are small lymphocytes and range from 7 to 1t g in
diameter,

At 9 hours (I'ig. 6-1) the lymphocytes constituted somewhat less than
50 per cent of the cells Thewr nuclear pattern showed a slight mcrease n
parachromatn and an uregular outhne of the nuclear membrane, often

bic 64 Six lymphocytes and
numerous ncutrophils from a le
sion similar to that in Fig 63
i the ninth hour of inflammn
tion 1in man (X 900)

with a cytocentric ridge or ind ton The cytopl L were

irregular in outline, probably because they were fived 1n a state of amebord
motion

At 12 hours (Fig 6-5) the majority of the exudate cells were lymphocytes
The newtrophils had degenerated further. many of them measured 6 to
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8 p 1n diameter. The lymphocytes when tested for phagocytic activity
were 1cme]y phagocytic with particles of India ink and had numerous
vacuoles in their cytoplasm, The nuclear membrane became more ir

Fic 65 Tlurty three lympho-
cytes and 3 neutrophuls from a
lesion similar to that in Fig, 63,
m the twelfth hour of inflamma
tion tn man (X 900)

regular mn outline and the nuclear pattern more porous or “open.”
At 16 hours (Fig. 6-6) the lymphocytes showed absolute evidence of
hypertrophy of nuclear and cytoplasmic mass Cell diameters ranged from

- -

Fic 66 Hypertrophied Iym-
phocytes from a lesion stmilar to
that 1n Frg 63, 1n the sixteenth
hour of inflammation 1 man
(x 900)

11 to 14 p 0 diameter There was dnsion of large, coarse chromaun
masses tto smaller particles

At 25 hours (Fig 0-7) the cell diameters of the lymphocytogenous macro-
phages ranged from 11 to 17 u There was an increase 1 nuclear size
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as well. The nuclear membrane showed varying degrees of ridging or
notching. The nuclear pattern as “more open” with an apparent increase
of parachromatin. If sbsenvation of these cells had been started with the
25 honr stage, there would have been hittle to suggest thar ongin from
the small lymphocyte.

Nacgli Monocytic Leuhemia Subject!

The patient sufferedd from chronic granulocytic teukemia (monocytic
leukemia of Naegh) in which he had 6,000 fully mature monocytes per

—
-

e,
S
Fic 67, Hypertenphied hm
phicytes from a lewon sinulr
to that in Fig 63, 1 the twenty

fitth hour of mfammauon
mn, (x 900) (Inset) Monocyte

from peripheral blond of solun
teer at same magnification for

comprson (x 900)

cubic millimeter of blood Therr diameter was approsmmately 15 g, and
the majonity (85 per cent) had promunent nuclear mdentations as a tag
Egg albumen was used as the inflammatory agent

At 7 hours the monocytes were present in moderate numbers and,
except for polymorphous changes of their nuder (thun strands), had no
major morphologic alteraton Some of the cells showed evidence of pre-
cocrous phagocytosis

At 12 hours the monocyte was the predommant mononuclear cell
They were further hypertrophied (16 to 18 4 n diameter) and bad -
creased evidence of phagocytosis. When a control window at 12 hours
and monocytic leukenma at the same mtenval were compared, the hyper-
trophied lymphocytes ranged from 8 to 12 x4 while monocytes range
from 14 10 18 p# m diameter, and the latter are more actively phagocytic
Hypertrophited monocytic series during the first 13 hours of inflammation
wete approximately G p larger than the comparable lymphocytic series
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BLISTER: SUPRAVITAL METHOD

TECHNIQUE

The blister technique permitted continuous direct abservation of the lym-
phocyte macrophage transformation in supravital preparations. The blisters
were produced on the tolar surface of the forearm following the
application of Chinese cantharides and a petrolatum mixture on a 15 cm
arcular area of the skin. The area was covered with adhesive tape to
exclude air. In approximately 7 hours a 0.5 cm. blister is formed A mixture
of egg albumen and neutral red solution in a physiologic saline solution
was injected into the blister. Interval aspirations of a small amount of the
blister fluid (via a #25 syringe needle) were studied as supravital prepara-
tions in a warm-stage enclosure.

REsuLTS

A lymphocyte from the exudate aspirate 7 hours and 55 minutes after
the application of cantharides resembled the lymphocyte as seen n the
peripheral blood and was charactenized by its small size, round nucleus,
scant cytoplasm, and the absence of neutral red vacuoles. This cell was
maintained under direct, continuous obsenation, and 15 minutes Jater
(8 hours and 10 minutes) the nuclear membrane reflected marked activity
(represented by a serrated border) in the area of acquired neutral red
vacuoles At an interval of 8 hours and 25 minutes (30 minutes after the
mitial observation of this cell), this lymphocyte developed a deep cleft
or indentation of 1ts nucleus, an increase in cytoplasmic mass, and 9
neutral red vacuoles.

Another lymphocyte from the aspirate of 11 hours and 20 minutes was
observed Nineteen minutes later (11 hours and 39 munutes) 1t had -
gested three albumen particles and had neutral red vacuoles

At 11 hours and 46 minutes, 1t was in contact with the neutrophilic
bud but apparently did not ingest 1t There was some shght increase in
cytoplasmic mass

At 11 hours and 51 nunutes, the cell showed an indentaton of the
nucleus, mgested egg albumen, and from 7 to 15 neutral red vacuoles.

At 12 hours and % minutes (15 nunutes aflter 1t was first observed), the
nuclear mass had increased, and the nuclear membrane reflected marked
activity The amounts of cytoplasm and neutral red vacuoles were also 1n
creased In the subsequent minute 1t developed a horseshoclihe nucleus
and a further increase m neutral red vacuoles The vacuoles had a Tosettelihe
arrangement near the ¢ytocentrum
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At the 23 hour and 15 minute stage of the inflammatory response,
motile macrophages of lymphocytic origm had the characteristics of a
supravital “monocyte.” These charcteristics iclude a large cell body,
a Lidney bean-shaped nucleus, a neutral red rosette near the nuclear
notch, a constant undulation of the cell body, and dehicate pseudopodia
extending in many directions

DISCUSSION

Lymphocytes play a dynamic role in the {nflamumatary response. Their
known functions are roughly duisible into four major types: immunologic,
trephocytic, cytopoietic, and phagocytic phenomena, These functions are
often closely related, and this didactic classification is of necessity some-
what arbitrary. The esperiments cited in this Teport are concerned
primarily with those functions related to phagocytosts

Metchmkoff in 1888 first described the migration and hypertrophy of
lymphocytes in rabbits and marmots infected with tubercle bacilli. In
addition to his lectures in 1892, in which he demonstrated conclusively
the lymphocyte ———— macrophage transformation, six other confirmatory
Teports were published by 1900,

In 1902 Maximow published a 262-page review of his own expeniments
on inflammation. He confirmed the motility of lymphocytes and their
emigration from vessels to the area of nflammation as well as thetr trans
formation into macrophages Up to 1950, over 70 similar confinnatory
teports were published * * Many of these papers stress the importance of
studying the inflammatory response m the early hours

The shan window and related techmques are simple, rehable methods of
studying the early changes in humans and laboratory ammals They con-
firm and extend the studies of Metchmkoff.

The nissue macrophages are the first cell to respond to the inflammatory
sumulus when 1t 15 apphied to connecinve tissue The neutropluls or therr
equiralent (psewdoeosinophils, etc ) are usually the first of the hematogenous
cells present at the inflammatory site. In man they are present within 1 hour
and comprise the majority of the exudate cells for the first 10 to 11 hours
m these expertments After the twelfth hour, they are present 1n decreased
numbers and often show severe degeneration changes At 3 hours, only
a few lymphocytes are preseut Si hours after the onset, they comprise
about a third of the exudate cells From 2 to 14 hours and later, they are
shightly hypertroplued and the predormtant celt type At 14 hours the
average cell diameters show only a hight increase ranging between 11 and
13 & At 21 hours the value 1s from 14 to 17 ¢ At 24 hours and later, they
continue to increase thewr nuclear and cytoplasnuc mass and become indis-
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tingwishable from other connective tissue macrophages. The hypertrophy
of these cells is accompanied by morphologic changes. If the study of
the inflammatory process had begun after the 25 hour stage imnterval, it
would be difficult to demonstrate Jymphocytic origin of the macrophages

During the period of transfonination, the Iymphocyte develops an in-
crease in cytoplasmic and nuclear mass. This is accompanied by evidence
of increased phagocytic ability and a marked change in the appearance
of the nuclear pattern, The nuclear membrane becomes increasingly
itregular, the coarse chromatin particles are divided into smaller angular
preces, and there 15 an increase in parachromatin The latter 1s due in part
to an increase in the number of mitochondria and other cytoplasmic consu-
tuents The blister-supravital techmque confirms these findings by the
continuous direct observation of these changes on indnidual cells.

Phagocytosts by small lymphocytes per se has been documented Al
though poor, this ability is genuine. The small amount of cytoplasm is one
limitung factor It is of interest that in the area of mmflammation, they often
show an ncrease in phagocytosis that is greater than the proportional -
crease in cytoplasmic mass

Although this may be related to the various cytochemical changes, such
as the ncrease n mitochondna, the speafic relation to these alterations
has pot been clearly defined

The number of leuhocytes 1 the peripheral blood will affect the quality
and quantity of the mflammatory exudate In the patient with monocytic
leuhemia, as well as i ammals with a monocytosis, 1f monocytes are
present 1 suffiaent number, they can represent the chief source of hemato
genous macrophages The nuclear changes characteristic of monocytes,
their increased size, precocions phagocytoss, etc, are evident durnmng the
early hours of the response Lymplmpema, without a concurrent monocyto-
s1s, will lead to a marked decrease n the number of lymphocytogenous
macrophages Recently Page and Good® reported that m neutropheme sub-
jects the enure leukocytic ovele 1s nterrupted Thus, the varations 1n
arculating leukocytes can markedly mfluence the cham of events in the
complex reaction to njury called mflammation

SUMMARY

The lymphocytes play a dynamic role m mftammation They partake in
many mterrelated functions In the defensive functions concerned with
phagocytosts, the lymphocites are an important source of monlf‘ macro-
phages The eransformation of lymphocytes into macrophages in acute
inflammation has been described and discussed
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albumin was observed by studying the elimination of antigen® and was
measured by determining the amount of circulatng antibody in the sera of
recipients after the antigen was eluminated ®

Smears of the donor cells before transfer were staned using Papanicolaou
and Wright's stains. The recipients were sacrificed at various umes during
the experiments, and tissue from the injection sites was fixed i Formalin

|4

.

Fic 7-1 Premjecuon smear, Iymph node cells Wright's stam
(» 1300)

for permanent sections In some experrments performed by Drs Neil and
Divon,# the nissue was quuick trozen to provide materal for immunohisto-
chemical study of the sites for antibody, according to the Coon’s technique,*
and smears were made trom loose cells in the transfer sites Both hema-
toxyhin-cosin and pyronne-methyl green stauns were used on the fived
material

Controls used tn the cell transfer studies mcluded (1) the transfer of cells
to rectpients with no subsequent mjections of antigen—for detection of
sigmicant restdual production of anubody by the cells and passive transfer
of antibody, (2) the mjection of antigen mto \-rayed reapients which did
not recene cells—for detectron of lack of x-raciation effect on the ablation
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of the immune response in the recipients; and (8) the transfer of cells Lilled
by repeated freezing and thawing or by incubating at 60> G. until trypan
blue stains showed dye uptake by over 75 per cent of the cells, Killed cells
were translerred ta (1) observe the host reaction to the transferred cells and

A

2
[ Y

Fic 72 Reapient sie 1 day after transfer of lving hymph node cells Hematoxyhin-
eomn st (x 300)

{2) determine 1f the production of antt bovine serum albumin needed viable
cells.

RESULTS

The transferred donor cells were composed of approsimately 90 per cent
lymphocytes, 8 per cent macrophages and reticuloendothelial cells, and 2
per cent plasma cells (Fig 7-1)

‘When live cells were transferred and subsequently sumulated with anti-
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o
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Fic 73 Reupient ste 4 days after transfer of luing lmph node cells Pert
sascular collection o muscle  Hematoxyhin eosm statn (X 1300)
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gen, the injection sites on the first day contained numerous readily \isﬂf}c,
well-preserved lymphocytes, a few heterophils, and a few macrophages (Fig.
7-2); immunohistochemical stains for antibody were negauve. Between days
one and three the number ol lymphocytes decreased, and occasional large,
immature-appearing cells, resembling “Iagracus’ transitional cells™ or

Fic 74 Frozen scction of celt transfer on the third day, staned for antt BSA with use
of Coons' fluorescent antibody techmque The poutine cells have white cytoplasm and
are located around a medium sized bland vessel (x 800)

“Rach’s acute splenic tumor cells,”™ as well as smaller “preplasma” cells
appeared (Fig 7-3) These cells tended to aggregate around nerves and blood
vessels The first immunohustochemically demonstrated antibody was seen
by the thurd day (Fig 7-4) Most of the antibody-containing cells were pre-
plasma cells Some fluorescence was also present 1n the larger “transitional”
cells Only a rare mature plasma cell was seen By the fifth day Iymphocytes
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were scarce, and almost as many plasma cells as preplasma cells were present.
At this tume fluorescent staining of antibody reached a peak in the sites (Fig
7-5). By the ejghth or ninth days after transfer, virtually all the cells in the
transfer sites were plasma cells, but flucrescent staining of antibody was
waning (Figs 7-6 through 7-9)

Fie 75 Frozen ussue secuon of cell transfer on the fifth day, stamed for anti-BS3
Note the increased number of positive cells around a medium-sized blood vessel as
compared to the third day (Fig 7-4) (X 500)

Mitotic actnv 1ty 11t the sites was mimimal throughout the period of observa
tion. Although an occasional binucleate cell was observed on tissue smears,
no mitoses were found When mitotic counts were made on the fixed sites,
no more than one mitosis per 500 cell nucler was observed, and mutoses 1n
the sites of hilled cells were about as common (or uncommon) as 1n the sites
of live cells
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When dead cells were transferred, heterophils, host macrophages, and
gian cells were present in the mansfer sites, but there was an insignificant
deselopment of plasma celt precursors or plasma cells, . .

When live cells were transferred and not stimlated by antigen, the sites
contained only rare plasma cells on the ninth day.

Fic 76 Reapient sie 8 days after tansfer of hing fymph node cefls Fematonshin
rosn stan { X 140)

The immune respanses in the experiments m which Use cells were trans-
ferred and stimulated by antigen were of the secondary or hyperimmune
fype On the basis of available funcioming lymphoid cells, the respouses
n these recapients were comprrable i quantity and quahity of antbody to
responses obsersed i intact hyperimmumized yabbits33 9.6t The elmina-
tion ok antigen a reflection of antihody production, was usually complete
by the ifth or sixth day m the recipients, whereas rabluts underguing a
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primary response to bovine serum albumin do not eluminate antgen unul
the tenth or twelfth day after stimulation. None of the s-rayed recipients
which received only antigen demonstrated an immune pattern of antigen
elimination. No antibady was detected in the sera of thase rabbits which

Fe 77 Reapient e 8 days after traasfer of Tning lymph node cells Hematovylin
conn stun (x 1300y

recened only hive cells without antigen, rabbits which recewved Lilled cells
and antigen did not have an immune pattern of anugen elimnation

The maximum concentration of arculating preapitating antibody which
was present m the sera of recipients from three to four days after the chimina-
tion of anugen averaged about 20 ug. of antibody nitrogen  each milliliter
of serum At this time the weight of the total anubady i the rectpient was
equnsalent to approsimately one fourth of the net weight of the transferred
tymphocytes When that value 15 comerted to molecnles of antbody per
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transferred cell, somewhat more than 200 nuthon malecules of antibody to
bovine serum athamun were circalating in the veciptents for cach cell trans.
ferred eight ar nine days hefore

DISCUSSION

On these obsenations we ean base estimates concersing the mnimum ant-
body synthess resulting from the tamsfer of 1 bnonn number of cells. ey,

Fic 78 Reupient site 8 days after wransfer of nmg hmph node cells Another wea
Hematoxyhin-eosn seain (X 1800)

the totat antibods synthesss dunng the first eight days of the response, most
ot which occnrs from the third through the sisth day after njection, s
probably two or more tunes that present sn the reapient on the eighth or
amth day, hecause conuderable anubody combines with circilating anngen
ancd s yapidly catabolized ™ Additional ansbody 15 lost also by normal non-



92 The Lymphocyte and Lymphocytic Tissue

immune catabolism prior to the eighth day.’” Next, not all the transferred
cells have an opportunity to synthesize antbody since many die within the
first few days after transfer. We cannot quantify the proportion of trans-
ferred cells that are lost, but we can minimze this varmable by basing est-
mates of production on the recipients with the greatest amounts of circulating

Fic 79 Reapient site 8 days after transter of lnang lymph node cells Pyronine methyl
green stain shows intense cytoplasmic pyrommophilia of plasma cells (x 1300)

antibody These repients had antibody lesels of about 100 ng of antibody
mitrogen per mulliliter of serum, equuvalent to one billion molecules of
antibody per transferrect cell Thus, in these instances the transferred ‘Iymph
node cells were responsible for the synthests of more than twice their own
wet weight of antibody within eight days This places antibody-producing
cells among the most active protem producing cells m the body .

It seerus Likely that the transferred cells were responsible for the antibody



Role of the Lymphaocyte in Anttbody Formation 93

synthesis in the recipients because: (1) viabality was a necessary criterion for
the donor cells to produce antiody, i.e,, no immune response was associated
with the transfer of {rozen thawed or heathilled cells; (2) the recipient rab-
Ints were exposed to 400 ¥ whole hady sradition which rendered them
incapable of responding to bovine serum albumin; (3) the prompe elimina-
tion of antigen and the appearance of circulating antibody were typical of
a secondary response, as would be expected from the hyperimmunized donor
cells, (1) the quality of the antibody as measured by initial combining ratios
was definitely that of secondary antibiody; and (5) the amoune of amibady
observed in the recipients was much more than was observed i normal
rabbits making a primary response to 1 5 mg. of hovine serum atbumin®

The quantity of antibady synthesized also enters into consideration of the
qguestion of which cell type was basically responsible for the antibody syn-
thesis Since the antibody made by the transferred cells in the recipient was
comparable on a molecule per cell mano to that wade in the most active in-
tact hypersmmunied rabins, it scems most reasonable to assume that the
cell 1esponsilile for the synthests of antibody was the preponderant cell, the
Iymphocyte. To autribute the synthiesis of so much antibody to the refatively
few nonlymphocytes of the transferred pools seems unreasonabie, since this
would mean that the macrophages, renculoendothelial cells, and plasma
cells made many times their awn wet weight of antibody in the eight-day
period A significant 1ncrease 1in the numbers of these cell types alter transfer
seems unlikely in view of the paucity of detectable mitoses m the cell trans.
fer sites.

The falure 1o fimd mutoses 1 the transferred cells 1s in contrast to obsey-
vatons by Doctor Coons and his group who found considerable mitotic
activity n the plasma cell series dunng the process of antibody formation in
Tymph nodes of the imntact rabbit  Sumiar to our cell transfer findings, fess
matotic acuvity was noted by Fagraeas m caltured tissues producing ant
Lody than 1n the same tissues of mitact anymals producing auttbody ¥ Thus,
while proliferation of antbody-contaning cells during the course of an
unmune Tesponse may occur n the usual suuation, it 1s apparently net an
essential feature of the secondary antihody response made by transferred
cells

Swce the immunologic evidence wdicated that the transferred cells syn.
thesized the anubody vhserved m the reapient of hive cells, and since the
decrease 1 fymphacytes observed between the second and fifth days after
transter was paraileled by an mncrease n antbody-contanung cells of the
transitional and preplasma types, and smce S5 uptake studies on intact
ammals have shown that the peak rate of antibody synthesis oceurred durmg
approximately the same period, days 3 to 6 after the injection of antigen s
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1t seems reasonable ta conclude that the Iymphocytes initiated the synthesis
of antibody and that during this period of synthesis metamorphosed to
transitional cells, then to preplasma cells, and finally to plasma cells (Table
7).

Table 72. Live Lymph Node Cells in Adult Recipients: Summary of Observations

Day after Antibody  Antibody synthesis Crreulating
transfer  Predomant cells fluorescence S35 intact rabbits  Antigen  Antibody
1 Lymphocytes + ottt 0
2 Lymphocytes a 44 4t
3 Lymphocytes and + FRERAE 4t
preplasma cells
4 Preplasma cells +++ Fd A+ 4 0
5 Preplasma cells F 4+ A+ 4 or % o+
6 Plasma cells +++ + 4+ 0 +
8 Plasma cells ++ + 0 +++
9 Plasma cells + + 0 44+

These experiments are not to be mterpreted as denying the roles of other
cells of the mesenchyme 1n the synthesis of precipitating antubody but rather
to affirm the posstbility that the lymphocyte can synthesize classic precipt-
tating antibody Sumilar experiments using otlanduced perttoneal macro-
phages obtained from hyperimmunized donor rabbes and transterred to
x-radiated recrpient rabbits have shown almost equal smmunologie results
Morphologically there was a decrease mn macrophages paralleled by an m-
crease 1 first transitional cells, then preplasma cells, and finally in adult
plasma cells The sites on the eighth day after the transfer of live peritoneal
macrophages were mdistingmishable from the sites obtained on the eighth
day after the transter of live lymphocytes

SUMMARY

Donor rabbits were hypernmnunized to a bovine serum protein, albummn
Known populatons of viable lympli node cells obtained from these donors
at a ime when the production ot anttbody was low were transferred to 1m-
munologically 1nert recipients When these cells were stimulated by bovine
serum albumin 1n the reapients, specific antibody to bovine serum albumin
was subsequently detected in the reciptents’ sera On the basis of correlated
immunologic and morphologic observations, the following conclusions seem

warranted
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1. The transferred cells were responsible for the synthesis of antibody.

2. The lymphocytes in the transferred cells were probably the basic cells
responsible for the process.

3. The lymphocytes metamorphiosed during the synthesis of antibody to
plasma cells, with mtermediate cell types prominent during the most
active phase of antthody synthesis.
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CHAPTER 8

LYMPHOCYTIC RESPONSE TO
TISSUE TRANSPLANTATION*

T.

HARRIS AND SUSANNA HARRIS

It has long been recogmized that tissiees cannot be successfully transplanted
from animals of one species to another (heterologous transplant) or even
between individuals of the same species (homologous transplant), with the
exception of some special cases of homologous transplantation such as those
insohing members of an nbred stram (:sologous) or homozygous twins In
recent years there has been a great deal of interest and acuvity m relation
to this remarkable phenomenon of ussue specifiaty, Although many prob-
lems are st1ill unsolved, there has been a great increase n the extent of our
understanding of the mechanisms involved n the rejection of transplanted
tissue and even the development, by Billingham, Brent, and Medawar, of
experimental means of mduction of prolonged acceptance of homologons
grafts (actively acquired tolerance) ' The studies 1 tlus area 1n recent dec-
ades have led to the general recognition of immunologic mechanisms as
bemng mmolved n the rejection of transplanted uissue, and i many of the
studies to be reviewed below, the cellular responses to transplanted tissue
have been examuned from the pont of view of the immunologic reaction or
defense of the host

STUDIES OF CELLULAR RESPONSE
TO TISSUE TRANSPLANTATION

CeLLUL AR RESPONSF AT IHE SITI OF TRANSPLANTATION

In early studies the cellular reacuon of the host tissues was studed as
essentrally a local phenomenon In 1912 DaFano obsersed lymphocytic -

*The preparation of this paper was aided by Grant 1f 869 of the Nanonal Heart Insutute
United States Public Health Senice
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filtrations at sites of tumor grafts and concluded thar these were associated
with the resistance of the recipient’s tissues to the graft.? Bashford et al
had reposted that mice conld be rendered relatively immune to a cancer
graft by the injection of homologous living tissue at least ten days before?
Later, Murphy found that a sharp increase in the absolute lymphocyte
count of the circulating blood followed the implantation of malignant tis-
sue and showed correlation between the degree of lymphocytic reaction and
the retardation of growth of implanted tumor or tissue. In these and others
of a long series of studies on this subject, Murphy postulated an association
of the lymphocyuc reaction with an immune process In support of such
an assotiation, Murphy was able to present substanual evidence from his
data.* This lymphocytic infiltration was found 1n the case of heterologous
as well as homologous grafts, and where this cellular reaction did not occur,
in the irradrated anmmal or in the brain or in the embryo, the heterologous
graft grew with no evidence of host tesistance In such instances, however,
resistance to the graft could be reestablished by the introduction of adult
Iymphoid tissue, even, in the case of the chick embryo, when the adult-splenic
tissue was introduced at some distance from the heterologous graft. Murphy
was not, howerer, able to determine how the lymphocy tic infiltration or the
regronal lymphatic hyperplasta exerted thewr effects on the implanted tis-
sue. Loeb also described lymphocytic infiltrations about homografts and like-
wise considered that therr presence was associated with the defense of the
host tissue agawnst the grafe ©
In the past fifteen years there has been a new sequence of studies of lym-

phocytic reaction at sites of tissue transplantation. In the period between
that of the earlier studies described above and these more recent ones, atten-
tion had been drawn to the immunologic functions of the lymphatic system
by the direct experimental evidence which began with the work of McMaster
and his colleagues 1n 1935 ¢ Perhaps this development contributed to the

more defimtive association, by recent workers, of the infiltrating lympho-

cytes with formal immunologic mechanisms of defense of the host tssue

In the classic study of shin homografung by Medawar 1 1914, he found

that by the eighth day after placing of a homogralt, shortly hefore the begm-

ning of the overt processes of graft rejection, the graft was densely msaded by

cells, largely lymplocytes with some monocytes, frequently 1n the form of
hilos around blood vessels The local lymphatic vessels were also hyper-
troplied. Subsequentls these lymphocstes became pyhnotic and then broke

down altogether. and additronal lymphocytes, released by rupture of the

lymphatc vessels, showed similar changes By this ime the breakdoun of the

gralt was complete These changes were observed 1 the <ase of homografts

but not of autogralts 7 In this study by Medanar, the mmportance of classic
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immunologic phenomena in the rejection of homografted tissue was clearly
established, by the accelerated rejection of second-set homografts, in compari-
son to first homografis, and by the observation that an increase in the amount
of tissuc introduced in a primary graft can cause a greater degree of aceelera-
tion of rejection of a second one. Possible refations of the filtrating tym-
phocytes to such immunalagic processes were discussed in this paper, Similar
olsenations on the host tissue reaction were reported in the study of Bl
mgham, Krohn, and Medawar, who also found fymphocytes the most abun-
dant member of the mading mass of leukocytes of rabbit skin homografts 8

Darcy also studied the cellular reaction to homografts in the rabbity,
this case hamografts of the submasitlary gland. He found that the cells in-
vading the praft included smail lymphocytes and a farge number of cells
stained strongly with pyronine, identified as mature and immature plasma
cells, The numbers of lymphocytes and of mature and unmature plasma cells
present in the graft at various stages after implantation were studied in the
case of both first- and second-set grafts Attempts to correlate the concentra-
tion of each of the cell types with the speed of graft destruction, the amount
of grafted tissue destrayed, and the difference between reactions to first and
second homografts led the author o conclude that the plasma cells that
mfiltrate the grafts are not a sigmficant cawse of their destruction. The same
appeared 10 hold, although with less evidence, for the lymphocytes®

In a study of human skin homograits, Rogers and colleagues obseried
the occurence of eosinophilic lenhocytes in the blood and at the site of the
homografts They found some increase of cosinophils both m the biood and
at the site of the graft, but this was of maximal intensity after the homograft
had sloughed and only the dermis remained ntace *

In the case of tumor transplants, Toolan and Kidd moculated mammary
carcmoma and lymphosarcoma of CyH stram mice into A mice In tumors
which regressed, they found a gradual shrinking of the tumor cells and in-
creased basophilistm of nuclear and cytoplasnuc constituents, leading to com-
plete breakdown of these cells This sequence was found never to begm
untrd “lymphoid elements” of the host accumulated and attached themselves
to the peripheral cells, often curving hike crescents around them as they
shrank, while adjacent tumor cells without auached lymphocytes remamed
unaltered In the case of mice 1 which such tumors had Yormerly grown and
regressed, there was earlier arrisal of lymphacytes, after second mplanta-
tton, and correspondingly earlier regression of the tumor it

Critutar Cuances 1In Lyvirt Noors DRAINING SITEs 0F HoVIOGRAETS

The reacuion of the lymphatic system to implanted tissue has also been
studied by histologic examimation of lymph nodes draining sites of implanta-
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uon both of normal and malignant tissue. Gallone, Radici, and Riquire
examined lymph nodes draining sites of skin homografting and found many
large lymphoid cells with granules which stained with pyronme * In a more
extensive study Scothorne and McGregor studied lymph nodes of rabbits
regronal to skin autografts and homografts in the ears of rabbits On the
second day following homografting, the draming lymph nodes showed some
enlargement of the medullary cords and some ncrease in mature plasma cells
i these cords The major changes began on the fourth day, when accumula-
tions of large lymphoid cells were found in the greatly enlarged cortex of the
node, with similar changes of smaller degree 1 the medulla These cells
contamed pyronmnophilic granules, but almost all this character of these
cells was Jost soon after graft destruction began. In the medulla the cords
showed an 1increased number of mature plasma cells, and the sinuses con-
tained many small lymphocytes as well as large lymphoid cells. These changes
were not observed 1 lymph nodes contralateral to the homografted ear or
mn lymph nodes draining the site of autografts 13 In a subsequent study Scot-
horne treated shin-homografted rabbits with cortisone The graft was re-
tamed and was apparently healthy up to the end of the expertmental period
(16 days), and the large-lymphoid-cell response in the draimng lymph nodes
was entirely absent 1+

Lymph nodes draining sites of implantation of tumors have also been
examtned Ellis, Toolan, and Kidd rmplanted C;H mouse mammary carcino-
mas and lymphosarcomas 1n a resistant strain of mice and then studied the
regional lymph nodes'® A few days after the implantation, the draining
lymph node had become markedly hyperplastic, with an imcrease m the
si7e and number of germinal centers and with thickening of medullary cords
In the latter there was proliferation of elements that seemed to be young
plasma cells

LYMPH NODE CELL TRANSFER IN RELATION TO THE
IMMUNOLOGY OF TISSUE TRANSPLANTATION

In the early studies of tissue reactions at the site of homografts, various
workers had concluded that the mfiltrating cells were mvolved 1 a local
defense of the host ussnes against the transplant, although 1t was not known
what the mechamism of this defense might be Later, histologic studies of
lymph nodes regional to transplanted tissue had ndicated substantial hyper-
plasia in these nodes of lymplioid cells—cells of the lymphocytic and plasma-
cyIc series These changes were so stmilar to histologic observations which
had been made 1n lymph nodes draining sites of injection of hnown antigens,
such as those of bacternal. cellular, or viral origin, as to suggest that here,
too, the lymphauc hyperplasta indicated a reaction to anugenic matersal m
che lransp]amed t1ssue
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I rensuned, howeser, for the work which will be described below to
demonstrate experinientatly that the cells of the regional lymph node were
ineed capable of carrying out such immunologic seactions The studies
safersed to ate those involviug the teasfer of lymph rode cells from an
mumimized or seasstived animal 1o a nonmal ammal of the same species, a
technique which has recently beent used to a considerable extent i the eluci-
dation of varous sumunologic phenomena. In the general pattern of these
studies, lymph nodes or spleens fiase been remosed fram animals {donors)
ingected with antigensc materials The hwph nodes ar spleens have then
bren teased apart, and the cells thus veleased have been transferred to frestk
howologous amsimals {recipients), which have then been examined for the
appsopriate mmnnalogic reacthion -y persensiuvity, humaral antibody, or
Tesistance to transplanzed tissue

In studres mahimg a wide variety of anygenic substances, the data re-
ported on cytologic examination of the suspensions of eransferred cells have
beew fasrly simndar In the veports of Cliase!® on suspensians of gumea pig
tymph node ceils, of Muchson' on analogous cells from mice, and of Rob-
erts and Dicon'® and of Harris and colleagues™ on rabbit lymph node cells,
the merage percentaze of cells of the lymphocytc seres 1 the suspensions
were 2205, %85, 83, and 99, respectively, In connecuon with the cytologic
composstiont of suspenstons of ¢ransferred lymph yode cells, 1t should
be powted vut thar Roberts, Dison, and Wegle™ and, more vecently.
Holub™ himve examuned seapients tssues at the sites of mtrmnuscular and
mraperitoneat wpecnion of hymph vade cells, respectn ely, and have found
accumulations of plasma cells there, at about the same ume 2 that of appear-
ance of antibiody m the serum It was not possible in these stuthes to deter
mne swhether these plasma cells were the result of consersion of the trans.
ferred lymph node cells or of mfiltravon of host tissue cells In the study by
Roberts and colleagnes,® there was a definite correlauon between the pres.
ence of plasma cells and the appearance of anubody, but m the study by
Holub, some plasma cell accumulation was found at the site of mjection of
lymph node cells exen of these had not heen meubated s uh anugen prior to
ranster so that no anubody appeared 10 the serum of the reaiprent

Lyurit Nope Cere TRANEER STUDIES 0F HYPFRSERSITIVITY ASD ANTIBODY
Fornarion

Before desctibing the studies thar have heen carried out with transferred
Bymph node cells in relation to tssue transplantation mungy, the m.
munnlogie patenty of such cell suspenssons will be mdicated by a buef
tésumé of some of the recent Iterature on lymph nade cell sransfer m rela-
1100 to hyperseasitisigy and to the production of classic serum antibodses

The techmique of lymph node cell transfer received its recent impetus
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from the work of Chase, who succeeded in transferring hypersensitivity to
tuberculin by cells from peritoneal exudates, lymph nodes, and spleens of
tuberculin-sensitive guinea pigs** In 1950 Ghase reported the transfer to
normal guinea pigs of skin hypersensitivity and anaphylactogenic antibodies
to picryl chloride by injection of cells from peritoneal eudates, lymph
nodes, and spleens of guinea pigs highly sensitive to picry! chloride. If, in
such experiments, the donor animals had been njected with sheep erythro-
cytes, hemolysins could be found in the sera of the recipient animals Ex-
tracts of the cell suspension, or cell suspensions which had been frozen and
thawed, failed to produce the effect.® The transfer of tuberculin hypersen-
sitivity has since been confirmed by many other workers.

In studtes of humoral antibody production, Hartis, Harris, and Farber in-
Jected dysentery bacilli into the feet of rabbits, excised the draining popliteal
lymph nodes, and transferred suspensions of cells obtained from these nodes
into fresh rabbuts. Agglutinins to dysentery bacilli appeared in the sera of the
recipients 1n a characteristic pattern.®* Wager and Chase® and Stavitshy®®
reported the appearance of diphthenia antitosin 1 recipients of cells ob-
tained from spleens and lymph nodes of immunized donors Reoberts and
Dixon transferred to irradiated recipients lymph node cells (popliteal,
mesenteric, and axillary nodes) from donor rabhis immumzed over a five-
week pertod with bovine ~-globulin or bovine serum albumin The recip-
1ents were then mjected with radioiodinated bovine y-globulin or with ho-
vine serum albumm The rate of ehmination of these proteins from the ar-
culation of the reciprents was charactensstic of a secondary response. The
authors calculated that the total homologous antibody synthesized by the
transterred cells during the first eight days of the secondary response
amounted to approxtmately two thirds of the wet weight of the transferred
cells 1%

Recently, Sibal and Olson injected bovine serum albumin ntravenously
mto hens and two days thereafter excised the spleens and obtamed cell
suspensions which were transplanted to the chorioallantorc membrane of
embryonated eggs The transplants were removed after from four to seven
days of incubation, and extracts of these were found ta contamn low titers of
antibody to bovine serum albumin, as indicated by adsorption-hemagglutina-
tion tests 2 In experiments with gumnea pigs, Rosenberg and collaborators®
gave the donor ammals a single mtravenous 1njection of pooled human
serum and hen egg albumin and removed the spleen and lymph nodes at
various intervals thereafter Cells obtamned from these tissues were njected

intradermally 1nto recipient gumea pigs Evidence of the development of
antibody m the recipient was obtained by posttive passive cutancous apaphy-
1axts twenty-four hours or more after transfer
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In a number of studics, fragments of tissue hase been transferred, rather
than suspensions of cells In an early study (1930), Topley injected paraty-
phoid bacilli into rabbits intravenowsly, A day later the ‘spleens of these
rabbits were minced, and the [razments were injected intraperitoneally into
fresh rabbits, The sera of the redipients developed aggluunins within a few
days after transfer, which was carlier than would have been expected in the
case of a primary response of the recipient to antigen present in the trans-
planted tissuc ® Fragraeus and Grabar transplanted fragments of splenic
ussue from ammunized donors into the perttoneum of recipients and sub-
sequently found anubody in the sera of the latter.* Hale and Stoner ob-
tained fragments of lymph nodes and spleen of mice which had received
tho injections of tetanus tovoid and transplanted these into the anterior
chamber of the eyes of irradiated mice Antitonin appeared in the sera of
the reaipients n low concentration.® Oakley, Warrack, and Batty injected
diphtliena or tetanus tosoud mto the mierseapular fat of rabbits and be-
tween three and ten days alter a secondry njection removed the fat and
transplanted fragments of the tissue 1o the omentum of normal rabhits, Anti-
tonin appeared in the sera of the reapients subsequently *

In many of the studies referred to above, suspensions of cells or tissue
fragments were mjured by heating, freezing, and thaning or by treatment
with distilled water before being transferred In all these the transfer of such
preparations did not lead to the appearance of antthody in the corresponding
reciptent ammal Transfer of cells or fragments to ammals of other species
has also been found to be neflectiye (with the exception of a study reported
by Wesslen™

More recently 1t has been found possible m the case of some antigens to
provide the contact between anugen and Iymph node cells in vitro In
experiments with lymph node cells from uninjected donors, Harns, Harnis,
and Farber found that such cells could be wncubated 1n vitro with Shugella
paradysentertae, washed and transferred to irradiated recipients with the sub-
sequent appearance of agglutimins to Shigella 1n the sera of the latter The
appearance of antihody 1n the sera of recipients of such lymph node cells was
later than n the case of lymph node cells which had been obtained from
antigen-injected donor ammals ** In a later study a soluble form of the ants-
gen was used for i vitro incubation with the lymph nodes cell, with resuls
sumlar to those described 1°

In another study mvolving in vitro contact between antigen and, 1n thas
¢ase, spleen cells, Sterrl reported the appearance of agglutining following
the mtraperitoneal injection of five-day-old rabbuts with spleen cells which
had been incubated 10 vitro with Selmonelle paratyphi B3 Finally, Holub
mcubated cells from lymph (cisterna chyly of rabbuts in visro with Brucella
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suis and § paratyphi, transferred these to two- to five-day-old rabbits, and
found homelogous serum antibodies in 90 per cent of the recipients a few
days alter cell transter®* In experiments mmiolving bovine yglobulin or
bovine serum albumin as the antigen for in viro incubation with lymph
node cells, Roberts and Divon were not able to detect antibody in the sera
of recipient rabbits unless the recipients were also injected with the anti-
gen 18

Liate Nobe CELT TRANSFER IN STUDIES OF TissUE TRANSPLANTATION
Isnvunm

The strong body of evidence on the immunolagic potency of lymph node
cells has been applied by several workers in the field of tissue transplanta-
tion In studies of mmunity to transplantable tumars, Mitchison® * ob-
tamned cells from mouse lymph nodes regional to solid tumor homografts and
transferred them, either minced or in suspension, to a secondary host. Tt was
found that when the recipient mouse was challenged by a homograft of the
same tumor, 1t destroyed it two or three times more quickly than would
otherwise have been the case. The transferred cells had the capacity to confer
immunity on the reciptent if the nodes were remoyed from the donor mouse
at the time the grafted tumor was undergoing breakdoun. Cells from non-
regional lymph nodes and from the spleen, as well as serum or whole blood,
fatled to transfer immunity. Evidence was presented favormg the hypothests
that “the lymph node cells were immunologically activated before transfer,
and that they conferred immunity by continung to function mn their host.”™
Homtografts of a transplantable sarcoma gave r1se to the production of serum
antibody which could be detected by its cytotonic action on the cells of the
tumors and also by means of a hemagglutinin test Followmg the transfer
of regional lymph node cells from muce with such grafts nto hosts of the
same stran, hemagglutiins could be detected in the host seruym However,
the capacity of the cells to transfer hemagglutinin production developed later
than the power to transfer increased resistance to grafts Splemc cells
also transferred hemagglutinin production, although to a lesser extent
The condusion was drawn that the hemagglutinatng antibody 1s dispinct
from the antibody effective 1 protection agamst homografts *

In the area ot shin homografting, Brilingham. Brent, and Medawar gave
mice of one stram skin homografts or mjections of leukocytes from mice of
a second stram and then transferred fragments or cells of the regional fymph
nodes to other mice of the second stram by the intraperitoneal route The
puce that recenved the mph node ussue fragments or cells showed height
ened reststance to further shin homografts from the stramn used for wnmunt
zation The transter was not effecttne when contralateral lymph nodes were
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used, or when tissue {ragments were injected subcuwtaneously, or when tissue
fragments had been {rozen and then thawed or dried.®?

in another approach to the demonstration of the association of lymph
node cells with the transpl ion ity of skin b grafts, Voisin
and Maurer obtained cells from hynph nodes and peritoneal exudates
(largely macrophages) of guinca pigs that had received skin homogralts
eighteen days previously. These cells were transferred to some of a group of
guinea pigs that had receised shin homozrafts three days earlter, from the
samie antmals which had been the donors of the carlier shan grafi. The other
skin-grafted guinea pigs sened as controls On comparing the appearance of
the shan grafts in these tvo groups between the seventh and eleventh dass,
it was found that the grafts of two thirds of the reapients injected with
lymph node or pentoneal exudate cells were m worse condivion than were
the controls.*?

in yet anather approach 1o the tole of cells of ymph nodes reginnal ta the
site of x skhin homogafe, Iirent has descnbed a series of expenments in
gunea pigs In these experiments shin was grafted from donor guinea pigs
16 secapients Subsequenthy cells of the lymph nodes regonal to che site of
the graft were obtamed and were mjected imtradermally inta the donor
guinea prss These myectons were found to praduce local mnflammatony
wheals, mdicaung that a speaific seacson had occurred between the Iy mph
node cells and the tissue anugens of the donor #

Finally, hhimph node cell (ranster of ussue transplantation ummunity has
hieen studied in connection with the homotranster of lymph node cefls them-
sebves In the worlk sath tramster of lymph node cells incubated v viro
with soluble material dertsed trom Shigella pavadysenterioe, referred o
above, 1t was found that the usual appearatice of anglunmns o Shegella
after the transfer of such celly cauld be prevented by prior myecnon of the
reciprents with pooled leukacvies from donor anumals In order w0 bring
about ths suppressive effect on the hymph node cells, it was necessary 10
smject an adequate number of leuhocytes ar an appropriate wtenval prior
to the hmph node cell transfer These and other consuiderations sugaested an
mmmunologic mechannm of this suppiessive effect, analogous 10 the accel-
erated rejection of a second shin graft of a gnen donor 1o a given Teuip-
ient 2 45 iy these tenms the reapient amimal was regarded as has iny been
astively immunized to the tssue transplantaton anugens of the donor ani.
mals by the priot iection of the leuhocytes Tt was of mterest to see whether
m this stuation the tssue transplantation immumty—1 ¢, the suppressive
eftect on transferred Jymph node celis——could be transferred by appropnate
1ymph node cells Accordinghy, rabbits were injected 1 ane hind {oot pad
with bload lteulocytes pooled from a set of prospecuse hymph node cell
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donors Four days Jater the ipsilateral popliteal lymph nodes were obtained
from the leuhocyte-injected rabbits, and cells obtained from these were
transferred to the prospective recipients of the experiment. At the same
time Jymph node cells were obtained from the origina) donors of the blood
leukocytes The latter were incubated in vitro with Shigella antigen, washed,
and transferred to the recipient animals. On subsequent determination of
the antibody aiters of the recipient rabbits, it was found that those that had
recetved the cells from lymph nodes dramning sites of njection of rab-
bit leukocytes showed mean anti-Shigella agglutinin titers which were only
approximately one seventh those of the control animals, which had been
gnven only the Shigella-incubated lymph node cells Other control groups
of recipients showed anti-Shigella agglutinin titers jn the usual elevated
range These included recipients in which the “anti-leukocyte” lymph node
cells had been heated before transfer and included still others given cells
from lymph nodes contralateral to the sites of rabbit-Jeuhocyte injection.?

SUMMARY

It can be secn that the involvement of cells of the lymphocytic series, or of
the lymphatic system, in the host response to transplanted tissue has been
imndicated by observations made in three types of studies. (1) studies of
cellular mfiltrations of transplanted tissue, (2) examinations of the cellular
reactions mn lymph nodes regional to tissue transplants, and (3) studies of
the transfer of transplantation rmmunity by lymph node cells The precise
function of the vartous cell types within this system in the rejection of trans-
planted ussue 1s not understood, and many questions remain unanswered
in this area For example, is the presence of Iymphocytes at the site of 2
homograft, and especially in contigmty with transplanted cells, an expres-
sion of hypersensitivity, or a means of dehivering antibodies, or do these cells
serie some other functuon 1 this sttuation® Again, in suspensions of trans-
ferred lymph node cells. which of the cell types are effective 1n conferring
transplantation 1mmunity> If the majority cell type found 1n the transferred
suspensions 15 mvohed. does 1t carry out 1ts function mn the form i which
1t 15 transferred or after conversion to another cell type mn the new host
tissue, and by what mechanistn 1s the tissue transplantauon mmunity con-
ferred®> The answeis to some of the questions 10 this area will come from
the consulerable efforts being expended at present on immunologic study
of these problems However, a grear contribution to this field will be made
by the clanfication of the interrelations among cell types within the lym-
phatic system—a clanificacian that must result from studies by cytologists
and pathologists
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donors. Four days later the ipsilateral popliteal Iymph nodes were obtained
from the leukocyte-injected rabbits, and cells obtained from these were
transferred to the prospective recipients of the experiment. At the same
time lymph node cells were obtained from the original donors of the blood
leukocytes. The latter were incubated 1n vitro with Shigella antigen, washed,
and transferred to the recipient animals, On subsequent determination of
the antibody titers of the recipient rabbits, it was found that those that had
received the cells from lymph nodes draining sites of injection of rab-
bit leukocytes showed mean anti-Shigella agglutinin titers which were only
approximately one seventh those of the control animals, which had been
given only the Shigella-incubated lymph node cells. Other control groups
of recipients showed anti-Shigella agglutinin titers in the usual elevated
range These included recipients in which the “anti-leukocyte” Iymph node
cells had been heated before transfer and included still others given cells
from lymph nodes contralateral to the sites of rabbit-lethocyte injection.”®

SUMMARY

It can be sezn that the involvement of cells of the lymphocytic series, or of
the Iymphautc system, in the host response to transplanted tissue has been
indicated by observations made in three types of studies: (1) studies of
cellular infiltrations of transplanted ussue, (2) examinations of the cellular
reactions in lymph nodes regional to tissue transplants, and (3) studies of
the transfer of transplantation immunity by lymph node cells The precise
function of the various cell types within this system in the rejection of trans-
planted tissue 1s not understood, and many questions remarn unanswered
m ths area. For example, 1s the presence of lymphocytes at the site of a
homograft, and especially i conuguity with transplanted cells, an espres-
s1on of hypersensitivity, or a means of dehvering anttbodies, or do these cells
serve some other function in this situation® Again, 1n suspensions of trans-
ferred lymph node cells, which of the cell types are effective in conferring
transplantation immumty > If the majority cell type found in the transferred
suspensions 1s mvolved, does 1t carry out 1ts function mn the form 1n which
1t 1s transferred or after conversion to another cell type in the new host
tissue, and by what mechansm 1s the nissue transplantation nmmunity con-
ferred” The answers to some of the questions n this area will come from
the considerable efforts being expended at present on mmunologic study
of these problems However, a great contribution to this field will be made
by the clanfication of the mterrelations among cell types withint the lym-
phatic systermn—a clanification that must result from studies by cytologists
and pathologists
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Fic 91 Inguinal lymph node of untreated control CR A mouse Note variation m size
of lymphocytes 1n addtion to cytoplasmic varations Hematoxyln cosin stan (X 425)
Fic 92. Lymph node of adrenalectomized CBA mouse Note increase in lymphocyte
mean cell diameter and mutotic figures Jlematoxylin-cosin stain, (X 425)
Fic 93 Treatment of intact CBA mouse with ACTH (5 days) Ingwinal node showing
pyknoss of lymphocytes Hematoxylin cosin stain (X 425)
Fig 94 Treatment of mouse with single large dose of adrenal corucal extract (1 p)
Note phagoytosis of broken small lymphocytes by macrophages Hematoxyln-cosin
stain (X 425)
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to be due to increased adrenocortical discharge due to the stress of the
operation 1tself ® Cytorrhexis does not last more than an hour or two, and
then the lymphatic tssue undergoes a change toward that chamcteristically
found in adrenalectormzed ammals

The cytologic characteristics of lymph nodes of adrenalectomized animals
are several There 1s less discrepancy i size between large lymphocytes and



CHAPTER 9

LYMPHOCYTOKARYORRHECTIC
EFFECTS OF ADRENOCORTICAL
STEROIDS

THOMAS I. DOUGHERTY

o

Several papers have been published which review the literature pertaining
to the mlluence of steroid and other hormones on quantitative changes
Iymphatic ussue mass, regulation of blood lymphocytes,? and the nfluence
of stress and biochemical relationships of hormonal influence on lymphatic
ussue ! Very few papers have dealt with the effects of Iymphocytoharyor-
rhectic hormones on the lymphocytes themselves The cellular response, of
course, accounts for the changes in mass of this tissue and, ultimately, for
the regulatory effects of steroid and other hormones on 1ts growth and -
volution It has been only sithin the last few years that we have begun to
understand some of the important features of the influence of adrenocortical
hormones on the growth and maturanon of lymphatic tissue

The physiologic importance of these events is, of course, enormous with
respect to the formation of serum protein and the functiomng of lymphatic
tissue as a protein store and a most likely candidate for the source of protemt
for gluconeogenesrs,® which 1s controlled by sterord hormones having es-
sentially the same structure as those which influence lymphatic tissue Sev-
eral of these features will be discussed at greater length below

MORPHOLOGIC CHANGES IN LYMPHATIC ORGANS
TOLLOWING ADRENALLCTOMY

Immediately after adrenalectomy of anumals (mrce and rats), pjcnosis of
Jymphocytes with phagocytosis of nuclear debnis frequently occurs in Iymph
nodes, the spleen, and other lymphatic organs Tius effect has been shown

12
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water? However, the nitrogen contem of the whole lymphate node -
creased as a reflection of the increased cellularsty.”

The thymns alse undergoes an funcrease in celinlanty, and as a conse-
quence the demarcation hetween contex and medula grons los disunct.
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Fres 86 and 97 Thymus of rablnt showing ptung effect of
tiymus following 16 mg ACTH p p) Puted aress are oc
cupied by macrophages mpesung brohen hymphotyies Hema
toxyhn-rosn st {Fig 96 ¥ 110, Brg 97, x 475)

The 1ncrease 1510 the thymic ostex, wiich s accompanied by a big merense
in the number of lymphocyte matoses The mitragen content per milligram
of thymus s not mcreased * The mean mass of the thymus imcreases as com-
puared to sonadrenalectomized controls, and the nurogen content reflects
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small lymphocytes (Figs. 9-1, 9-23. Tiny pycnouc cells are absent, and there
15 an increase of cell size to that of a mediumssised, mature Iymphocyte with
a wide rim of clear ¢ytoplasm, The cells do not appear to be more immature
in that they do not acquire an increased nucleolar number of a more Tepto-
chiomatic fineness of the chromatin pattern ¢ The cytoplasm increases
amount and appears very hyaline with a loss of cytoplasmic basophilia.

rese s TR

X 2

a
‘}ii

Fre 93 Phagorvtosss of nugdear and cytoplasnue debris by fived reuculoendo-
thelwal celts m medulh of inguinal node followmng ACTII rertment Hemnitoxylin
comp stun (< 1450)

The cells are closely packed 1 the node (Figs 9-1, 9-2) There 1s alo 2
general tendency to baye mdefinite gernunal centers wn that there 1s no sharp
demarcation of the differetice between the large cells i che germunal center
and the collar ot hymphotytes about 1t ¢ Numerous mitoses are found, and
studies of DNA renenal i this laboratory support the observation that there
is a true imcrease n rate ol prohferation as compared to nonoperated
controls *

The nitrogen content per wnte weight of lymphattc organs of adrenalecto-
mized mice does not increase’ Therefoie 1t 15 apparent that the larger
Iymphocytes 1n adrenalectomized anunals do not contain more protem ;I)cr
cell. This increase m cell size is probably due to increased intraceliular
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this change in mass.” Similar but less strihing changes are observed 1 other
Iymphatic organs (Peyer’s patches, etc.).

The blood lymphocytes of adrenalectomized animals tend to undergo
changes similar to those found in the Iymph nodes® In stressed adrenal-
ectomized animals this increase in cellular size (Fig. 9-11) and change in
staunng capacity of cytoplasm of blood lymphocytes occurs more rapidly.®
Immediately following adrenalectomy, there is a decrease in the number of
blood Iymphocytes, followed by reconstitution to normal Jevels at about one
hour, and by four hours in the adrenalectomized mouse, the characteristic
cellular changes appear.® There 1s an increase in the size of the nucleus as
well as a marked mcrease 1n the amount of the cytoplasm® which has a
hyaline appearance (Figs 9-8, 9-11). It 1s apparent from numerous studies
(both experimental and clinical) that mean blood lymphocyte size reflects
the amount of cortisol in the blood which 1s acting on the cells. % 1t These
cells, which have been called “stress” cells,* are characterisically found in
adrenalectomized anmmals and in cases of human adrenal insufficiency.”
Stress lymphocytes have been shown to be more resistant to the cytorrnectic
effect of cortisol than the Iymphocytes of sumilar mean diameter 1n a state of
eucorticsm 10

THE EFFECTS OF ADRENAL CORTICAL HORMONES
ON LYMPHOCYTES

Reduction of lymphatic tissue weight by adrenocortical hormones s ac-
complished by a destruction of lymphocytes (lymphocytokaryorrbexis) by
mhibiting the mitosss of lymphocytes, and under conditions of prolonged
hyperadrenocortical hormone concentration, cortisol inhibits differentiation
from immature cells (heteroplasia) #

The lymphocstoharvorrhesss begins by a shedding or buddmg oft of
cytoplasm (Fig 9-9), This 1s most marked in medium-sized mature lympho-
cytes m both the lymphatic organs and m the blood # 2 This shedding of
cytoplasm 1s remarkable and has been photographed by time-lapse cine-
matography m our lahoratory ** The buds come off by cytoplasmic rounding

Fic 98 Normal lymphocvies of CB\ mouse May Grunuald Giemsa stan (X 950)

Fic 99 Budding hmphocyte of CBA mouse following cortsol wrertment (01 mg
| p) May Grunwald Giemva stam (% 950)

Fic Y1t 1ymphootc of GBY mouse followng Lerge cormsol dose (1 mg. 1 pj May-
Grunsald-Giemse seam (< 1500) .

Fic 91! Iymphocites and cosmophile of adrenalectomized CBA motne Note Elmr\cd
increase m amount of hmphocyue cyeoplasm May Grunwald Gremsa stam (x 950)

Fio, 0 12. Ghrom cortisol treatment of CBA mouwse (1 mg ‘day for 9 days) Note um
formuty af pyknotic lymphocites Hematoxylin eosin stain (yx 650) . :

Tic 913 Swme as Fig 912 24 hours after last anjection Note increasc in Cytop. Mmrz
small cells and large number of reticutar lymphocytes Hematoxylincosit stan (X 650)
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up (Fig. 9-9) and for a time remain attached to the rest of the cytoplasm by
a very thin filament which eventually breaks and the bud floats away. When
this process is going on rapidly, one finds the cfferent lymph loaded with
pieces ol cytoplasm bearing a superficial resemblance to platelets. These
pieces of cytoplasm were described by Downey and Werdenrerch,” who
called them hyaling bodres Although these authors did not relate them toa
hormone-mediated effect, they did show that this effect was enhanced in
animals treated with cinnabar, and they also postulated hat it was a secretory
phenomenon by which coustituents of the cell cytoplasm were delivered to
the lymph.

Followng shedding of cytoplasm, and appearing as though it were an ex-
tension of this effect, the nucleus begins to shrink in size, loses ats char-
acteristic chromatin pattern, becomes irregular, pycnotic, and hyperchro-
matic, and subsequently may break into picces (haryorrhenis).® Some years
ago, when this effect was first described m the endocrinelogic literature, it
was called lymphocytolysis. Actually, this destructive effect is not a lytic but
a haryorrhectic phenomenon. We are certan that the cytoplasmic loss is
not necessarily total but may be a partial loss 1° Further, cortisol does not
necessarily produce nuclear destruction of all Iymphocytes 1 A given quan-
tity of cortisol acting upon a variety of lymphocytes of different sizes and
having different amounts of cytoplasm appears to produce graded effects on
the cells, depending upon the maturity and size of the lymphocytes The
most immature cells, such as reticular Iymphocytes, are least affected by
corusol (Figs 9-3, 9-5) ¢ Conversely, small lymphocytes are extremely sus-
ceptible to the lymphocytorrhectic effects of this hormone ' Medium-sized
lymphocytes appear to have intermediate susceptibility to hormone action.
These cells, however, display the most dramatic budding effects Malignant
lymphocytes are similar to reticular lymphocytes in their resistance to both
the budding and lymphocytorrhectic hormonal effects '

Subsequent to cellular destruction, there is phagocytosis of both nuclear
and cytoplasmic matersal (Fig 9-5) ¢ Within a few hours following cortisol
admmistration, there is very httle remaming evidence of cellular destruc-
tion ® The rates of destruction, phagocytosts of nuclear and cytoplasmic
material, and mtracellular digestion are extremely rapid, so that unless
tissues are obsered at various stages ot this cyclic process, these events may
not be seen It should be emphasized at this point that the cortisol effects are
due 1o direct action of the hormone and occur 1 vitro as well as in vivo.'?
Extensive studtes have been performed in our laboratory on the structure
activity relationships of vartous closely related steroid rormones which regu-
late Iymphatic cell growth and destruction '8 The details of rhes.e obsen‘/m
tions may be found elsew here as may similar studies performed using malig-

nant Ivmphocytes 16
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During the period of acute hormone action, there is an inhibition of
mitosis which lasts for several hours and is followed by a resumption of cefl
division until there is a reconstitution of lymphatic organs characteristic of
the age and sex of the animal ® This effect of lymphocytoharyorrhexis, dis-
solution of cells and inhibition of mitosis and growth of lymphocytes, Tasts
for only a short time following a single increase in the concentration of
hymphocytoharyorshectic hovmones at the cell site?

CHRONIC EFFLCTS OF CORTISOL ON LYMPHATIC TISSUL

Persistent cortisol effects can be produced only when animals are treated
at closely spaced intenvals with either ACTH or appropriate steroid hor-
martes.}* Sumlarly, constant stress must be maintamed to establish prolonged
reduction of lymphatic tissue.’® During the period of chronic cortisol treat-
ment, very littie lymphocytorrhexis is observed. The lymphocytes are
pycnotic and hyperchromatic and have scant cytoplasm (Fig. 9-12). No evi-
dence of homoplasiic or heteroplastic growth of lymphocytes is seen in
chronically treated ammals However, following ecither acute or chronic
treatment of lymphatic tissue with lymphocytolaryorrhectic hormones, both
the reticuloendothelial cells and the most nnmature reticular lymphocytes
appear to he highly resistant to the destructive effects of these hormones
(F1ig 9-12) * 3 Thus, since progemtne cells resist lymphocytokaryorrhectic
action, a seed bed of germinative cells 15 retamed for repopulation.

REPOPULATION OF LYMPHATIC TISSUE

Reconstitution of lymphatic tissue has been mvestigated following pro-
longed treatment with cortisol and subsequent hormone withdrawal and
following hormone treatment and then ad lectomy '8 At the ter 10n
of the expertments, lymphatic organs were removed, weighed, and sectioned
for hustologic study The lymph nodes become more rapidly reconstituted
than the thymus which 15 very slow in the rate of 1ts return following cortisol-
or ACTH-nduced involution® This is also true following various stressful
stumul. Of most interest here 15 the fact that withun hours following cessa-
tion of hormone treatment, there appears to be an increase 1n mean cell
size in the lymph nodes (Fig 9-13) At this tume one sees hittle evidence of
mitosis and heteroplasia. Rather, 1t appears that lymphocytes may become
and remain pycnotic for some time and return to their previous states when
the hormone level diminishes 3 Reconstitution, therefore, 15 accomplished
mn part from these surviving cells.
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DIFFERENTIAL SUSCEPTIBILITY OF LYMPHOCYTES TO
HORMONE ACTION

We have postulated for some years that maturation of immature lympho-
cytes occurs in part as a consequence of the continuous action of cortisol on
these cells. The lymphocytic cytoplasm is reduced gradually, and eventually
the nucleus decreases 1 a fashion similar to that found in the erythroblastic
series. Finally, there 15 a complete loss ol cytoplasm and nuclear integrity
This gradual process is enhanced when larger than normal amounts of hor-
mone are available to act on the maturing lymphocytes. The overwhelming
amount of evidence indicates that the effects of cortisol described above on
Iymphatic tissue are constant and physiologic The results ol hyperconcen-
tration appear to be exaggerated normal responses

REUTILIZATION OF NUCLEAR AND
CYTOPLASMIC MATERIAL

When the histologic effects of adrenocortical hormones on lymphatic
ussue were first described, attention was called to the fact that changes
occurred 1n the reticuloendothehal cells as well as i lymphocytes.® The
pomt was made at that ume that when lymphocytes are destroyed, they are
subsequently phagocytized by both fixed and free histiocytes (Figs 91, 96,
9-7) ¢ The fixed reticular stroma cells phagocytized both nuclear and cyto-
plasmic particles (Fig 9-5) It was apparent, too, that the lymphocytes be-
come highly basophilic and resemble certam types of plasma cells & 1° The
suggestion was made that there was an ingestion and retention of reticular
cells of destroyed lymphocytes and that nuclear and cytoplasmic material
could be reutulized in formation of new cellular constituents during hetero-
plasttc growth This subject has been discussed n detail recently by White

The possibility of reutihizanon of nuclerc aud constituents and even non-
metabolized DNA and RNA by lymphocytes has recently been empha-
sized 2! 22 It appears to be conclusive that at least a portion of nucleoprotein
from destroyed lymphocytes may be reincorporated in mmmature cells

The sigmhcance of this finding 1s enhanced 1 view ol suggesttons made
by numerous authors that lymphocytes are derived by heteroplasta from
reticuloendothelsal cells Therefore, the template for protemn synthesis (par-
ncularly antibody protein) may be retamned 1n the system of cells which
synthesize antibody This concept 15 1n line with our theory that antibody
synthests starts in the most immature Iymphocytes and continues to progress
as these cells differentiate ' Thus, when adrenocortical hormones destroy
mature lymphocytes, they release already formed anubody and also make
possible the phagocytosts of nuclear and cytoplasmic materal by reticulo-
endothelial cells, and thus the process of differentiation may be renewed
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STRUCTURE ACTIVITY RELATIONSHIPS

There are marked differences in lymphocytoharyorrhectic capacity of the
varions adrenal cortical hormones Cortisol, which is the naturally secreted
adrenal hormone of the human, is the most potent. Other less eflective hor-
mones are cortisone, corticosterone, and dehydrocorticosterone or compound
A None of the other adrenal cortical secretory products appear to have
this capacity. Analysis of both the maturally occurring hormones and their
analogs which are lacking in one or more substitutions on the gonane nucleus
indicates that an unsaturation of the A-ring. a hetone at position 3, either
an ony or hydronyl substitution at position 11, and a side chain with an
alcohol at the 21 position are necessary. Two compounds both lacking a
17-hydrony grouping arc corticosterone and 11-dehydrocorticosterone.'® Both
of these compounds are effective in suppressing lymphatic tissue growth and
bringing about lymphocytokaryorrhexis It is interesting in this respect that
these compounds have little or no anu-inflammatory activity, and thus there
ts a separation of antiinflanunatory and lymphocytorrhecuc effects

MECHANISMS OF HORMONE ACTION

The effects of cortisol are direct, 1 e, the lymphocytolaryorrhectic actvity
of this hormone 1s manifest in s1tro and i vivo Further, these hormones
do not act 1 an all-or-none fashion but 1n a dose response manner, There-
fore, the greater the dose, the greater the degree of lymphocytokaryorrhexis
However, 1t 15 interesting that cortisol among the effective hormones has a
greater imolutionary action on the lymph nodes than any of the hormones
The explanation offered for cortisol activity 15 that 1t has a greater capacity
to destroy less-matured lymphocytes than its analogs Thus, there 15 a qual-
iative as well as a quanticatnne difference 1n the varous adrenocortrcal
steroids which appears to be determined by the degree of maturity of lym-
phocytes available for hormene action The duration of cortisol action on
lymphocytes 1s short. Radioactive hormone (free 1-C!4 cortisol) does not
remain 1in lymphatic tissue more than five or six minutes following 1ntra-
venous admnistratton  However, the major effects of cortisol on lympho-.
cytes persist for much longer periods of ime than cortisol, or 1ts metabolic
products are present in lymph nodes, spleens, and thym: #* This indicates
that cortisol triggers a process 10 the cell which 15 self perpetuanng The
lack of necessity for continuously ncreased hormone concentration at the
site of ant: y or gluc activity® 1s similar to that found
for effects on lymphocytes =2

It 15 evident, then, that one way that leukemic lymphocytes can maintain
therr antegrity and conunue to multiply 15 by their capacity to inactnate
cortisol, the normally occurning maturing hormone for the lymphocyte It
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is tempting to speculate, and indeed seems warranted, that once an altera
tion has occurred in such a way that the immature cell can continue to
resist maturing effects of cortisol, the seed bed may continue to grow and
that this possibly may be essentially the situation in lymphatic leukemia.

As discussed above, the greatest effect of cortisol on lymphocytes is on the
small cells, which in turn, we now know, are incapable of bringing about
any demonstrable catabolic changes in this hormone.® Immature lympho-
cytes and lymphatic leukemic cells have been shown to have the capacity to
convert cortisol to several steroids which lack any observable lympho-
cytorrhectic effect.

SUMMARY

It 15 apparent that cortisol acts as such and not through a metabolically
altered form of this molecule, Before we speculate on its mechanism of ac-
tion on lymphocytes, several pomts should be re-emphasized. One 15 that
immature lymphocytes and leukemic cells can catabolize cortisol. They con-
vert 1t mto several products which do not possess any lymphocytokaryor-
rhectic activity. This, of course, emphasizes the fact that the malignant cell
15 able to ma'ntain 1ts integrity and activity because 1t can mactivate a hor-
mone which destroys 1ts normal counterpart. The process of buddmg and
Iymphocytorrhexis once nttiated by cortisol contmues when this hormone
1s either gone or has been converted to other noneffective steroids With
these pornts i mund, one may speculate, then, as to why cortisol produces
its effect on the lymphocyte The possibilities by which the hormonal
lymphocytorrhectic effect occurs could be threefold-

1. Enzymuc the effect could be through loss of enrymatic activity on the
catabolism of the hormone by the most mature cells and/or a loss of
the coenzymes necessary for the transhydrogenation of the steroids
(DPN and TPNH) which are essential for the mactivation of the
hormone **

Transport the effect could be directly on the cell membrane, and the
permeability of the hormone to get at the enzyme-coenzyme system 15
reduced, theretore, the nactivanion would also be decreased

3 A combmnation of these two possibilities

ro
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CHAPTER 10

RADIATION EFFECTS ON
LYMPHOCYTES

ROBERT SCHREK

The lymphocyte 1s a umique cell It 1s the only nonmutatic cell that 15 sensi-
tive to small doses of x-rays In contrast, the granulocyte 15 highly radio-
resistant, In thus paper I shall consider nat only the biologic reacuons of
lymphoid tissue to x-rays but also the use of x-rays as a ool to study the
physiology of the lymphocyte Ishall first review the m vitro findings as these
have clarified the in vivo observations

IN VITRO STUDIES

The morphologic effects of \-rays on lymphotytes m vitto have been
studied by ume-lapse cinemicrography ** Three hours after in vitro irradia-
tion of rabbit lymphocytes wath 1000 r, most of the cells sull appear morpho-
logically normal (Fig 10-1) The photomicrographs were taken with phase
contrast microscopy and show clearly the nuclens and cytoplasm, the nuclear
wall, and the chromatin masses n the living unstained lymphocyte The first
degeneratine change in the irradiated cell is the appearance of a small intra-
nuclear sacuole (Fig 10-2) Shortly after the onset of the vacuole, the cell
and the nucleus usually start to change shape rapidly with the formation of
lobulations (Fig 10-3) Frequently each lobule has a separate fragment of
nucleus as 1s seen n tell F m Figure 10-3 and sull more clearly in Figure
10-4 where the cell scems divided 1nto two separate parts, each with a vacu-
olated nucleus The vacuoles contnue to grow, pushing the chromatin pe-
ripherally to form a ning or a sphere of chromaun In about 20 minutes
after onset, the vacuole ruptures the chromatin rmg as 15 seen m cell C,
Figure 10-5, and the chromatin appears h hoe-shaped The d d
chromatin material 1s apparently Mud and contracts to form a crescent, a
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semicircle, and finally a small pyknotic and sometimes fragmented nucleus
(F1g. 10-6) The nonirradiated lymphocyte also dies by the process of intra-
nuclear vacuolizauon (Fig 10-7) The only difference is that the non-
irradiated cell develops intranuclear vacuoles later than the srradiated cell.
It seems that trradiation with 1000 r or less does not produce any new
reactions in the lymphocyte but only accelerates normal degenerative

changes
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Alter irradiation with 2000 r or more, some rabbit lymphocytes develop
nuclear abnormalities such as bilobed and trilobed nucle1 3t About one to
two hours after irradiation, both the lymphocytes with normal nuclei and
those with lobed nucler undergo sudden acute death with only slight changes
in morphology. I have called this change “death by delayed fixatton.” On
further incubation, the “fixed” lymphocytes undergo post-mortem autolytic
changes characterized by slow shrinkage of the nuclei and blurring of the
chromatin pattern.

The human lymphocyte was observed to undergo the same cytologic
changes as the rabbit lymphocyte, i.e., intranuclear vacuolization after 1000
r or less and death by delayed fixation after 2000 r or more. The recently de-
veloped slide chamber method™ was used to study the rate of death of
rradiated and nonirradiated human lymphocytes. According to this method,
the in vitro longevity or the 10 per cent survival time of nonirradiated
human lymphocytes was found to be, on the average, 9.2 days After irradi-
ation with 1000 1, the lymphocytes from 19 individuals had a 10 per cent
survival time of from 1.1 to 2.2 days with an average of 1.7 days.?? Irradiation
even with 5 r decreased appreciably the 10 per cent survival ttme. These
experiments show that human lymphocytes are highly radiosensitive and
that there is relauvely slight variability 1n the sensitvity of the Iymphocytes
from difterent individuals

Tests were also made on the blood lymphocytes of 31 pauents with chronic
tymphocytic leuhemia or lymphosarcoma with leukemia 3 The nomrradi-
ated leukemic lymphocytes had an average 10 per cent survival time of 10
days The lymphocytes after irradiation with 1000 r had 10 per cent survival
umes which varied from 0 3 to 10 days It 1s particularly important to observe
that 7 of the 31 leukemic pauents had lymphocytes with 10 per cent survival
times greater than 2 5 days In other words, about 20 per cent of the patients
had blood lymphocytes that were resistant to x-rays The sigmificance of the
radioresistance of the lymphocytes mn these patients 1s stll under study

It was surprising to find that the lenhemic lymphocytes of most of the
pauents had approximately the same radiosensitivity as normal lympho-
cytes Block® studied the effect of xrays m patients with leuherma or
lymphoma by means of serial bropstes of the spleen He concludes, “There
15 no evidence to support the commonly held belief that malignant cells are
more sensitive to x-irradiation than the corresponding nonmalignant cells ™
The 1n vitro and the in vivo findings are 1n accord

It 1s necessary to consider the radiosensitivity of Iymphocytes of different
spectes 1 order to know to what extent anmmal findings can be extrapolated

to man The problem 1s comphicated by the surprising finding that the 10
per cent survival time for the nonirradiated lymphocytes of the human 1s
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9.2 days whale that for the rat is only 2. days.? Jrradiation with 10 r redirced
the 18 per cont survival time both of the rat and the human lyniphocytes.
The Yymphocytes of both specics have approximately the same sensitvity
to small doses of frradiation, However, the 10 per cent survival time of the
human lymphocytes iradited wih 1000 ¢ was 1.7 days, while that of
the rat was only 01 days. The stower destructive action of ireadiation on
man cells 15 dependent on the difference i the longevity of the lympho-
eytes of the two species.

1 have mentdioned the theory that srradiation does not At ymphacytes
but accelerates the agig and death of the cells 1 developed this concept
as 2 resule of studies by dark field microscopy on the «eath of ireadiated
and senirradiated Jimphocytes? and as 3 sesult of a companson of the
madiosensutivity of human and rodent lymphocytes,™ In reviening the litera-
ture for this paper, § find 1hat m vivo studies have fed other workers to
express similar theorivs Isaacs in 1932 stated that wradiation causes accelera-
tion of maturanon, senility, and death of blood celis ** And prior 1o that, m
3826 Nemenow™ stated thar in the pvary and other ussnes the yradiued
celt “both ages and perishes more raprdly, hut it perishes exactly in the same
way as it would have perished 1f 1t were to die, so to say, of a natarat death
The theory does not answeer the questions wlhat 1s the normal physislogic
agsng and death of the lymphoeyte and how does uradmtion aceelerate these
facrors®

The finding that the lymphocyte has about the same sensitwvaty as the
mitotic cefl has led me to speculate that the fymphocyte and the mutotic cell
have a sunilar metabalic process which s radiosensitne ® The radiosenst
vty of cells in mitosss has been considered by many workers to be due ta
mhibinon of the synthesis of desovyrbonuclew acid The synthests of DNA
may be an amportant function of the lymphocyte, and mterference with
ths function By \-rays may cause cell death

IN VIVO STUDIES

Four different meck have been proposed by vanows workess for
the 1n vivo reacuons of tymphacytes to xrays Farst, the arradiation may
affect the fymphocytes By darect action on tie cells Second, the wrradianon
may inhibie the production of lymphocytes by acung on cells 1 mitosis
Third, the lymphocytes may be destroyed by mdirect, humoral, or toxvc
effects induced by the rrad Finally, srrad may be samlar
other modes of stress which stmulate the adrenal glands to secrete cortical
honmones defererions 1o lymphacytes

The indirect or humoral action of \rays on lymphocytes has been sug.
zested by chimeal observanons that irraciation of the spieen or of one group
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of lymph nodes may be followed by Iymphopenia and a decrease 1n size of
other lymph nodes. The question of indirect effects has been critically re-
viewed by several investigators* who coucluded that indirect effects have
not been definitely proved and are probably not an important factor.

In this review I shall assume the point of view that the chief action of
x-rays on lymphoid tissue in vivo is twolold: (1) a direct, destructive action
on lymphocytes and (2) an inhibitory action on the production of these
cells,

Under proper conditions four stages of reaction are observed in response
to irradiation: (1) an initial, acute destruction, (2) an abortive recosery,
(3) chronic Iymphocytic depression, and (4) recovery.

INITIAL DESTRUCTIVE STAGE

The early effects of irradiation on lymphocytes were studied by Ross,
Furth, and Bigelow!> who collected the lymphatic fluid from the thoracic
duct of rats before and after irradiation. Three to eight hours after irradi-
ation of the whole anumal with 750 r, the lymphcytes were found to have
various denegerative changes including small vacuoles n the nucleus and
cytoplasm, binucleated and multinucleated cells, cells with “lumped”
chromatin, and finally dead cells with pyknotic and fragmented nuclei. By
ten hours most of the injured cells and debris had disappeared, and the
number of lymphocytes were reduced. It would seem that most of the
lymphocytes died in vivo by the development of intranuclear vacuoles and
pyknosis In addition, the binucleated and multinucleated cells and cells
with lumped chromatn may be cells that were dying by delayed fixation.
This and other studies indicate that irradrated lymphocytes undergo the
same two types of degenerative changes in vivo as in vitro, i e, death by intra-
nuclear vacuolization and death by delayed fixation.

Lymphoid Tissue. The first change 1n irradiated lymphoid tissue of
anumals 15 degeneration and death of lymphocytes as indicated by pyknosis
and fragmentation of nucler This change 15 seen after total body irradia-
tion or after local 1rradiation of lymphoid nssue. Some of the degenerating
lymphocytes have mtranuclear vacuoles! # ' Irradiation of rabbus and
other ammals with 25 r produces a percepuble effect on lymph nodes The
destruction of lymphocytes with the formation of cellular debrs 1s seen
particularly in the secondary centers of lymphoid follicles of lymph nodes,
in the cortex of the thymus, and in the Malpighian bodies of the spleen
A lesser amount of necrotic debris 15 seen 1n the medullary cords of Iymph
nodes and 1n the medulla of the thymus The dead cells and the cellular
debris are rapidly phagocytized by macrophages The debnis-laden cells are
seen almost as soon as degeneration occurs and persist for about 24 hours m

the rabbit.
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After total hedy irradwtion of rabbns wieh $00 1, many hymph follicles
persist more or less muact, After 600 t, the ymph follicles completely dis
appear. Ile Bruyn emphasires the differences i the reactions follow ing low
dosages of 100 r or less as compared with lugh dosages of 600 and 806 r.2t
The destruction of lymph foflscles may represent only an ntensification of
the process of lymphocytic degeneration, or perhaps it vepresents a new,
quatuatisely different effect produced by high doses of x-rays

In spite of the wpid deads of the hymphocytes, the retcular cells
Iymphoid tissue are roistant o large doses of vrays.' even though the
reticular cells are beheved to be the precursors of tympliocytes. Similarly,
some undifferentiated cells m the testis and ovary are more ressant w0
xrays than the daighter cells The cells of the lymphocytic serses are not
unigue in being exceptions to the law of Bergonté and Tribondeau that wn-
differentiated cells are radiosensitine

During the period of deguneratn ¢ chianges, mnoses are absent or greatly
seduced in the lymphoid tissue® In one study the pumber of mitotic
figures decreased from 100 o 58 per wt yolume of lymph node in one
hour after irradsation of mice with 95 £ 7

In the spleen of pattents, ymphocytes showed harvosthesss and cessation
of mitosis, 24 to 18 hours after 1rradanon * The cells undergoing Lanor-
rhexis afser a single depth dose of oser 100 ¥ were apparently fewer than
1 lower anitats, posably due ta 2 slower mie of destrsction of the human
Iymphocytes The setscutar cells were reststant to the treatment. In lymphord
assue the folhcles were partly destroyed three to four wechs after wrradiation
of cancer of the cervin 2

Autopsies of Japanese men and women who died from tradiation during
the first §1 days alter the atamsc bomb attack showed a complete or almost
eomplete absence of lymphocyies and of hymph follicles ¥ The Malpaghian
bodies of the spleen were ondy vaguel, outhned by whorled structures of
collagenous and tetcular ussue Phagocyiosis of nuclear debris was seldom
observed although erytiraphagocytasis was present s the spleens The
retieular cells were resistant to a dose of wradation that was lethal o the
dividual Sumiar findings were obtamed in a man whe died 10 days after
an acodental exposure to about 880 1 wrays ' In geneml, the early
changes absersed hmph nodes of human subjects after lethal total body

wradanon were similar to those obsenved in wrradiated ammals

The quantianive reacton of fymphoid tissue 10 %rays m vivo has been

stidied only by a few imvestigatars Trowell counted the number of necrotic
cells in Iymph nodes of rats and ok t {ffect and 4 flect curves
The dose-effect cunves were hnear on probut paper when the dosages were
35 10 630 r Biagsn: obtaned similar curves and 1 addiaon observed that a
second x.ray treatment produced the same quantitative effect as the first*
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Unfortunately quantitative data for other species are not available, although
such curves are essential to extrapolate data to the human species

Vogel and Ballin determined the weight of the rat thymus 24 hours
after irradiation with varying dosages.®* After 400 r the decrease in weight
was 59 per cent. After 30,000 r the disease was only 10 per cent. The larger
dose produced less effect than the smalier. In addition, they observed that
fener pyknotic nuclei were found in the thymus 21 hours after irradiation
with 20,000 r than after 100 r. A similar histologic finding was obtained by
Trowell, Corp, and Lush for the thymus but not for lymph nodes.”

These interesting and paradonical findings in vivo may be explained by
the in vitro observation that higher doses of \-rays (2,000 r or more) pro-
duced death by delayed fixation™ while lower doses such as 400 r produced
death by intranuclear vacuolization and pyknosis ©* The decrease in the
weight of the organ depends not on the death of the cells but on the removal
or absorption of the dead cells by phagocytosis and autolysis. In the thymus,
phagocytosis and removal of pyknotic nuclei are slower than in the spleen.®
The fixed cells produced by the irradiation of the thymus with 20,000 r are
probably less readily absorbed than the cells with pyknotic nuclei produced
by 400 r.

Blood Lymphocytes. Associated with the rapid destruction of lympho-
cytes in the lymphoid uissue 1s a rapid decrease 1n the blood lymphocytes
following radiation. In rabbits given total body irradauon, the Iymphocyte
count decreased rapidly and reached a minnnum count in 24 to 48 hours
(Fig 10-8).4% In men who were accidentally exposed to total or almost total
body irradiation, the lymphocyte count decreased more slowly, and 1t took
one to five days for the count to reach a minimum ' Accidental total body
exposure of 64 individuals to 173 r reduced the lymphocyte count to
25 to 55 per cent of the control in three days.'®

Lymphopenia also developed after therapy of patients for cancer with
\-rays or radium '’ 2% The lymphopenia developed irrespective of which
part of the body was irradiated Surface irradiation, however, with beta rays
had no effect on the blood cells.** The important factors wmn the production
of lymphopema after therapy were the dose and the volume or weight of
the part of the body wrradiated Therefore some workers advocate the use
of the integral dose which 1s defined as the dose multiplied by the estimated
weight of wrradiated ussues A dosage of 7 to 10 megagram roentgens was
found to depress the lymphocyte count to 25 per cent of the onginal

Price and others analyzed mathematrcally the rate of fall of lymphocytes
10 1rradiated humans and amimals 2 #° According to Goodfellow, the rate
of decrease of lymphocytes varied directly with the dosage of radium. How-
ever, treatment with 10,000 mgh or more produced a maximum 11 per cent
daily decrease durmg the first 7 to 10 days of treaunent.
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Most workers report that 25 r are the minimum total body dose required
to produce an appreciable decrease of lymphocytes in individual animals ®
In rabbits, for example, 25 r produced a decrease of about 25 per cent in
the lymphocyte count in 21 hours. A staustically significant reduction of
tymphocytes followed irradiation of groups of mice with 10 r according

1o Doungherty and White'* and of rats with 5 r according to Ingram and
Mason.'?
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DAYS AFTER IRRADIATION

Fic 108 Early effects of total body irradation on the number of lympho-
Otes 1n the blond (Data on rabbits from Sacher and Pearlman® and on
man from Hemplemann, Lisco, and Hoffman *%)

In four patients treated with a total body exposure of 60 r, the lympho-
¢yte count dropped n one day to 31 to 61 per cent of the omginal
count.* One patient treated with 27 r and three normal individuals treated
with 3 daily doses of 7 r did not develop any apprectable decrease in lympho-
“yte count A signuficant lymphopema developed 1n patients who received
total body uradiation of two daily doses of 20 r each.’* The degree of
lymphopenia after irradiauon with varying dosages of x-rays was of the
same order of magnitude 1in man, rat, and rabbit (Fig 10.9)

According to Cronkite’s summary, an acute total body exposure of 25 ¢
usually produces no definite Iymphopenia 1n man, of 100 r results 1n a
mild lymphopenia, and of over 100 r causes a lymphocyte count as low as
10 per cent of the normal 1n 24 hours?
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Degenerating and necrotic lymphocytes were seen in the blood smears of
two men who received an acute body exposure of 290 and 880 r.® The
dying and dead cells showed patchy condensation of chromatin, intra-
nuclear vacuoles, and cytoplasmic basophilic granules and vacuoles. An
occasional lymphocyte had a pyknotic nucleus. The degenerating cells con-
tinued 1o be present until the time of death, 24 and 10 days after irradiation
In patients who received therapeutic irradiation, as many as 20 per cent

MINIMUM LYMPHOCYTE COUNT, %, OF ORIGINAL
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DOSAGE- ROENTGENS

F16 109 The relauonship between dosage of total body x irraciation and
mimmal blood lymphocyte count in rat, rabbit, and man (Data from Sacher
and Pearlman,* Hemplemann, Lisco, and Hoffman,!® and Nickson.4%)

of the white blood cells were degenerating during the first 2 weeks after
x-rays or radium therapy * Goodfellow!? observed cells with bizarre-shaped
nucler and also rare cells with mtranuclear vacuoles. He called these cells
“monocytes,” although he and others report great difficulty 1n classifying
these abnormal cells The degeneranng lymphocytes m blood smears are
not specific for radiation but are also seen after admmstration of nitrogen
mustard

In rats exposed to the sublethal dose of 400 1, pyknotic lymphocytes
appeared 1n the blood and reached a peak of 7 per cent of the lymphocytes at
three hours after irradiauon and then declined rapidly.® In normal rats
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about 0.2 per cent of the lymphocytes were found to be pyknotic in blood
smears. It 15 of interest that the pyknotic cells were present only during
the first few hours after irradiation in the rats but were found for many
days in irradiated men,

SriGE OF ABoRTIVE RFCOVERY

Blood Lymphocytes. Taylor, Witherbee, and Murphy** observed that
rradiation of a monkey, 2 cat, and a pony caused a mimmal lymphocyte
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DAYS OF IRRADIATION

Fic 1010 Effects of total body arradiation with 300 r of x rays on the number
of Ivmphaocytes i the blood of rabbits (Data from Sacher and Peartman )

count in 48 hours and then a primary rise in 3 to 9 days followed by
a secondary fall from § to 12 days after the wradation Jacobson and asso-
ciates® observed a transient nse in the lymphocyte count following the
mitial lymphopenia i rabbuts given a total body exposure of 200 r or
more (Fig. 10-10) The rise occurred from 4 to 11 days after irradiation
and was followed by a decline of the lymphocyte count mn a few days even
though the ammal recened no additional 1rradiation. The temporary rise in
blood lymphocytes was called by Jacobson “abortrve rise” or “recovery,” and
he has reviewed 1ts occurrence 1n several species * Ross, Furth, and Bigelow
observed an abortise mise in the number of lymphocytes in the thoracic
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Degenerating and necrotic lymphocytes were seen in the blood smears of
two men who received an acute body exposure of 290 and 880 r3® The
dying and dead cells showed patchy condensation of chromatin, intra-
nuclear vacuoles, and cytoplasmic basophilic granules and vacuoles An
occasional Iymphocyte had a pylnotic nucleus. The degenerating cells con-
tinued to be present until the time of death, 24 and 10 days after irradiation
In patents who received therapeutic irradiation, as many as 20 per cent
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Fic 109 The relationshp between dosage of total body x-rradiation and
mimmal blood lymphocyte count 1n rat, rabbit, and man {Data from Sacher
and Peariman,* Hemplemann, Lisco, and Hofiman,*® and Nickson «%)

of the white blood cells were degenerating during the first 2 weeks after
w-rays or radum therapy * Goodlfellow? observed cells with izarre-shaped
mucler and also rare celis with mtranudear vacuoles He called these cells
“monocytes,” although he and others report great difficulty in classifying
these abnormat cells The degeneraung lymphocytes mn blood smears are
not spectfic for radiation but are also seen after administration of mitrogen
mustard

In rats exposed to the sublethal dose of 400 r, pyhnotic lymphocytes
appcared in the blood and reached a peak of 7 per cent of l_hc lymphocytes at
three hours after mrradiation and then declimed raptdly.®® In normal rats
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or clumped chromosomes. Henshan® descnibed multinucleated giant cells
from § to 72 hours after irradiation of mice w1th 50 r. Abnormal cells or
mitoses in Iymphoid tissue of arradiated ammals were also described by
Murray® and Neteleship® In irradiated trssue cultures of chick fibroblasts,
Lasnitzhi®s observed two transient increases i the numbers of abnormal
mitoses (Tig, 10-12). The maximum numbers occurred at 1 and 15 hours
after irradiation with 100 r. In {8 hours the cultures showed normal mitotic
activity and recovery.
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HOURS AFTER IRRADIATION

HG 1012 Effect of rrradiation with 100 £ of ¥ rays on the number of abnormal mutoses
0 ussue cultures of chick fibroblasts (Data from Lasmitzha ©)

If abnormal muoses are a cnterion, 1rradiated human lymphoid assues
undergo a stage of abortive recovery In two induiduals that died 10 and
21 days after accidental irradiation, the medwm-sized fymphocytes in Jymph
Bodes had many abnormal muitoses with chromosomal aberrations 1 Further
more, many of the daughter lymphocytes were abnormal and many dividing
cells died 1n mrtosis. Many of the daughter Iymphocytes had large hyper-
chromatic or multiple nucler with the formation of some gtans cells Many
of the small fymphocytes had double nuclei or an wnusually targe amount
of hasophilic ytoplasm In Japanese men and women who died from 3 to
1 days following the atomic bomb auacks, the spleen and lymph nodes
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duct of rats exposed to 750 r of total body irradiation.*> The transient rise
occurred from 5 to 7 hours after irradiation. In one patient with total
body irradiation of 87.5 r in eight daily treatments, a suggestive abortire
rise was observed from 17 to 30 days after therapy followed by a secondary
decrease (Fig. 10-11).%

Lymphoid Tissue. In lymphoid tissue abortive recovery 1s characterized
by a transient increase in mitoses following the initial inhibition. Barrow
and Tullist described a temporary return of matotic activity in the white
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DAYS AFTER JRRADIATION

Fic 1011 Eftects of total body wrradiation with a total of 87 5 r 1n 9 days on the blood
lymphocyte count in one man (Data from Nickson )

pulp of the spleen 10 to 36 hours after irradiation of mice with 1000 r
A similar wave of regeneration has been described m myeloid tissue by
Bloom.® Actual counts of mutotic figures were done by Knowlton and
Hempelmann who observed an abortive rise 1n the number of mutoses i the
adrenal gland and jejunal mucosa but not of the lymphord tissue, possibly
due to insuffictently close time mntervals ® In spite of the difficulues of
estimating the number of mrtoses and 1 spite of the resulung paucity of
reports, 1t seems that lymphoid tissue undergoes abortive regencration

In the spleens showing abortive regeneration, Barrow and Tullis observed
many abnormal mitosis, such as tripolar and multipolar figures, and lagging



Radintion Effects on Lymphocytes 139

atypical lymphocyte, sinular to that seen in infections mononucleosss, was
observed in sunvivors of the atomic bomb attacksst

STAGE OF RFCOVIRY

Lymphoid Tissue. The fourth stage m the radiation reaction is the
stage of recovery. This stage is associated with a gradual increasing number
ol mitoses m reticular cells and in medium sized lymphocytes ' The mitotic
cells were observed not enly in the germinal centers of persisting follicles
but also diffuscly throughout the node. The lymph node appeared histo-
logically normal five days after irradiation of vabbits with 100 r.

The recovery was slower in lymph nodes of rabbats exposed with 600 or
800 r. In these nodes the lymph follicles had been largely destroyed. Early
diffuse regenceration was first observed 5 days after irradiation with gradual
repopulation of lymphocytes by mitoses of medium-=sized lymphocytes
Nodular regeneration started 21 days after rrradiation with production of
small, “bare” germinal centers consisung of medmumsized lymphocytes,
some in mitosis. The lymph node was reconstituted 1 59 days m rabbits ex-
posed to 600 1. This may be contrasted to the rapud regeneration n 5 days
of fymph nodes of rabbits exposed to 100 ¢

Abdomumal rrradiation with 400 r in rabbuts resulted 1n Ilymphoid hyper-
plasia in the omentum with the pm(lucum\ ol many new lymph follrcles 32
Overcompensation of mutotic actisity was observed in the lymphoid tissues
of mice™ and of chick embryos In spite of 1ts radiosensitivty, lymphoid
tissue recovers rapidly after moderate doses of \-rays and shows a tendency
to hyperplasta and overcompensation of mtotic actnvty

In Japanese indniduals dying three or more weehs after the atomic
bomb attacks, the spleen had small lymphocytes and occasional mitotie
figures n syncyuial, spindlc-slmpcd retsculum cells near the central arter-
oles 3t Larly follicles dev eloped with a peripheral “gerninal center” similar
to the “hcmawpmcuc pen-follicular envelop® seen 1n the spleen of rats
by Krumbhaar = In 1ymph nodes, formation of germinal centers was ob-
served m only one patzent after the sisth week In seven panents urradiated
for cancer of the cervix, the lymph nodes showed a reduced number of
follicles three to six months after wradiation % The findings 1ndicate that
Tegeneration of follicles 1s slow after heavy irradsation

Bload Lymphocytes. Recovery of the number of lymphocytes 1 the
Iymph of the thoracic duct started two weeks after iradsation of rats with
750 r s During the regencraung phase as many as 70 per cent of the white
cells were large lymphocytes as compared to 2 to § per cent in non-
Irradiated amimals Many of the large lymphocytes were abnormal and had

lobed, eccentric, or multilobed nucler The number and the morphology of
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showed the proliferation of atypical cells * These were variable in appear-
ance and resembled reticulum cells, lymphoblasts, “splenic tumor cells”
of Rich, Lewis, and Wintrobe, and some even resembled Reed-Sternberg
cells of Hodgkin's disease. The atypical cells gradually became less common
in spleens of patients dying six weeks alter irradiation.

Abortive recovery occurs in many types of cells. The best description and
explanation are given by Puck and Marcus#* They found that an isolated
HeLa cell irradiated in vitro with 600 r usually underwent four or five
divisions with the production of giant and other atypical cells which could
not divide, Presumably a similar process occurs in irradiated Iymphoid
tissue and produces the stage of abortive recovery. It is not known whether
the abnormal mitoses and atypical cells in irradiated lymphoid tissue have
any relanon to the development of postirradiation leukemia.

Curoxnic MORPHOI0GIC CHANGES IN LYMPHOCGY TFS

Various types of abnormal lymphocytes may appear m the blood. These
morphologically altered lymphocytes differed from the degenerating cells
which develop during the acute destructive stage although the differentia-
tion 1s not always clear-cut. Dickie and Hempelmann observed an increase
m the number of refractile neutral red granules in supravitally staned
lymphocytes of individuals who received 15 r per month.’? Watts and
Mathieson, however, wese not able to find an increase of lymphocytes with
refractile cytoplasmic granules in the blood of persons treated with radio-
active 10dine.%

Ingram and colleagues!™ found in blood smears of cyclotron workers a
few lymphocytes with bilobed and double nuclet The workers had re-
cened exposures below the tolerance dose Differential counts showed that
the workers had 7 5 binucleated lymphocytes per 50,000 white blood cells
as compared to 15 cells per 50,000 in control individuals These cells were
considered to be the result of abnormal mitoses, In persons exposed to 02 r
per week, the number of binucleated lymphocytes were mcreased to 5.9
per 50,000 white blood cells as compared to 1.4 per 50.000 m control indi-
viduals * These lymphocytes were also observed 1n mice exposed to only 21
Lower doses were not tested The incidence of these cells did not depend
on the dosage of irradiation between 2 to 75 r The bimucleated lympho-
cytes are the most sensitive indicator of radiation of lymphoid tissue, but the
cells are not specific for rrradiation Various other types of abnormal cells
have been described m irradiated men and ammals lymphocytes with
doverleaf-shaped nuclel? lymphoblasts, cells difkcult to differentiate from

2
monocytes,'¥ and even 1solated and clumped reticular cells.*? An unusually
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Xerays, however, had a relatinely slow destructive action on the human
fymphocytes. The in vitro and the in vivo findings are in accord

SUMMARY AND CONCLUSIONS

Moderate doses of irradiation accelerate the aging of normal lympho-
cytes with death by intranuclear vacuohizanon and pyknosts Large doses
of jrradiation resule in death by delayed fixation. These two degeneratine
changes occur both in vitro and mn vivo in man and in lower anumals
Irrachation afso causes early inhibition of mitoses. These radianon effects
result in the imtial acute destructive stage In the lymphoid tissue this stage
is characterized by (1) rapid destruction of lymphocytes, (2) phagocytosis of
the necrotic debris, and (3) no perceptible reaction of the reticular cell to the
irradiation. In the Llood there 1s a shight or a severe lymphopenia and the
temporary appearance of degenerating and dead lymphocytes

Another effect of wradiation 1s a transient incTease 1n abnormal mitoses
which results in the stage of abortive recovery This stage 1s characterized
by 2 temporary allesiation of the lymphopenia, by a transient increase of
normal and abnormal mitoses, and by the appearance of abnormal cells in
l)mphoid tissue. The stage of chronic lymphociue depresston 1s the result
of a low lesel of producuon of lymphocytes but no increased destruction
Finally, the recovery stage 15 associated with more or less normal lympho-
potests, although there 1s probably some persistent abnormal production
guing rise to a small number of abnormal lymphocytes

I have reported in this chapter that the 1 tro and m ynvo findings are in
accord on the following pownts (1) Irradiation causes death of lymphocytes
by intranuclear vacuolizauon after low dosages and by delayed fination after
ngh dosages (2) The Ivmphocytes of man and lower antmals have ap-
proumately the same radiosensiuvity (3) Human lymphocytes react more
slowly to \-rays than do rat lymphocytes (4 In general, human leukermc
and normal lymphocstes have the same degree of radiosensitivity (5) The
wradiated cell undergoes abnormal mutoses with the production of atypical
cells.

An enormous amount of work has been done in the field of the biologic
effects of wrradiation. The subject 15 howerer, stll in an actne state of
growth, but there are stll many obvious gaps in our Anowledge. This
study has led me to the belief that there 15 a need for additional quantita-

tive data both in vivo and 1 vitro When such data are available, they
will provide a means for a better und d of the fund 1 reac-
tions of the lymphocyte to x-rays and for a better undamandmg of the
lymphocyte itself,
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the lymphocytes returned to normal in about 30 days after uradiation.

After a single total body exposure of rabbits, the lymphocyte count re-
turned to normal in 2 days after 25 r and in 50 days or more after 400 r of
total body irradiation ** In contrast it took only 9 days for the granulocyte
count to return to normal after 500 r. The lymphocyte is the first cell to
degenerate alter total body irradiatron and the last to return to normal
The animals had no compensatory absolute lymphocytosis after acute total
body irradiation.?

Rabbits irrachated with 400 r show recovery of the histologic structure
of lymphoid tissue in 5 days and the recovery of the number of blood
lymphocytes in about 50 days. Recovery is not as rapid in blood lymphocytes
as 1n lymphoid tissue.®

The slowness of the return of the normal Iymphocyte count is especially
promunent i man. After total body irradiation with only 60 r, the lympho-
cyte count did not return to normal even after 5 months in two of four
individuals ® Two individuals who were accidentally irradiated continued
to have lymphopenia 1 to 2 years after the accident.!® Tiwo years after a high
dosage of total body exposure from the Hiroshima atom bomb, survivors
had a shightly lower lymphocyte count than a control population ®® After
therapeutic irradiation with x-rays or radium, the recovery period was 1 to
19 weeks with an average of 5 weeks 1n one study® and at least from 4 to
6 weeks in another.?

Srecies EFFecr

According to Jacobson and associates,” man shows the same degree of
radiosensitivity of lymphocytes as the guinea pig and the dog. The qualita-
trve changes i the blood are the same 1 man and lower ammals ® The chief
difference in the hematologic response of man and ammals is 1n temporal
relations 37 After total body irradiation with about 400 r, the lymphopenia
developed within 2 days in the rabbit and wichin 5 days 1n man The abor-
tive rise of blood lymphocytes was observed in from 4 to 11 days n the
rabbit and at from 17 to 30 days mn one man Lymphoid tissue showed
abortive recovery 1n 10 to 36 hours after 1000 r 1 mice and probably n 3
days to several weeks 1n man after lethal rradiation Recovery of the normal
Iymphocyte count occurred in about 2 months m rabbuts after a large dose
of x-rays, but 1t took 2 years or more for a man to recover. An irradated
man takes a longer time to reach mimmal lenhocytic levels and to recover
normal levels than trradiated laboratory animals.

According to the i vatro findings that 1 have described, the lymphocytes
of men and lower ammals have approximately stmlar radiosensitivities
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CHAPTER 11

NONLEUKEMIC LYMPHOCYTOSIS:

Diseases and Mechanisms

JOHN B. MIALE

Qualitative and quantitauve changes in the lymphocytes of the peripheral
blood are important 1n recogmzing diseases accompanied by specific or non-
specific lymphocytic reactions.

DEFINITION AND SIGNIFICANCE OF LYMPHOCYTOSIS

Regardless of the nature and etiology of the disorder, 1t 1s important first
to define the term “lymphocytosts ” Lymphocytosss, as are other leukocytoses,
is classified as erther relative, absolute, or a combination of the two. Relative
lymphocytosis 1s a relative mncrease n the percentile proportion of lympho-
cytes to other leukocytes m the peripheral blood as determined by the
differential count Absolute lymphocytosis, on the other hand, 1s defined as
an mcrease 1n the absolute number ot crculanng lymphocytes and 1s
determimed by muluplying the percentage of lymphocytes from the differ-
ential count by the leukocyte count per cubic millimeter of blood Since
relative percentile counts express only the ratio between the vartous leuko-
cytes 1n peripheral blood, 1t 1s obvions that relative Iymphocytosis may or
may not have any significance Thus, when relative lymphocytosis 1s due to
a decrease m other cells, particularly the neutrophils, the important change
1s the neutropenia rather than the apparent increase mn the lymphocytes
On the other hand, when a relative lymphocytoss 1s also accompanied by a
higher than normal leukocyte count, the relative lymphocytosis 1s an ex-
pression of the increased number of circulating lymphocytes and becomes
significant Unless, then, the total leukocyte count 1s hknown, 1t 1s difficult
to attach any importance to relative values alone

16



Nonleuhemic Lymphocytosis 147

The significance of absolute values can only be interpreted n the light of
establishied normals The mumber of ciiculating Yymphocytes per cubic
millimeter of blood varies at different ages and thus different normal
values can be established for various age groups (Fig 11-1). In accordance
with these normal values, absolute lymphocytosis occurs when there are
more than 1000 lymphocytes per cubic milluncter of blood in adults,
7000 per cubic willimeter in children, or 9000 per cubte millimeter in 1n-
fants and young children.

CONDITIONS ACCOMPANILD BY LYMPHOCYTOSIS

The condutions whiclt are accompanied by (nonleukemic) Jymphocytosis
can be classified in two general groups (Table 11-1) In Group I are diseases
m which lymphocytosis 1s either so characteristic in type or so constant in
oceurrence as to have diagnostic importance. In Group I are diseases that
may, at some stage, show lymphocytosss, but this 1s transient, inconstant, and
by 1tself not particularly diagnostic

The lymphocytic responses wiuch accompany the conditions hsted in
Group II are seldom striking in degrec. If one follows carefully the
pertpheral blood preture  fospueal patients, 1t 15 not unconuuoen (o en-
counter transient lymphocytosis in a great vanety ot dieases. It was felt
at ane ame that the lymphocytosis seen during the recovery phase of
many mnfectious diseases 15 of prognostic sigmificance  Although much
was made of this 1 the older hiterature, 1t 15 my fecling that one can no
longer attach much significance to this change. This is not 1o negate the
older Gindings. Rather, the course of nfections diseases has been markedly
altered m the last 20 years by the use of antibiotics, with altered responses
and accelerated recoveries, so that one depends on more reltable criteria
to deternune prognosts and the course of a disease

Turmng then to Group I, 1t 1s apparent that these diseases have either
a proved or almost certam viral etiology It seems to me that there is some
ment in further divading this fitst group mto two subgroups Subgwup LA
is headed by infecuous leosis and 1s composed of viral diseases
n which the penipheral blood smear shows “atypical Iymphocytes * We
have called these atypial lymphocytes “virocytes” n accordance with the
suggestion made by Litwins and Lebowtz 2 Subgroup I-B 15 characterized
by the appearance i the peripheral blood of 2 larger than normal number
of lymphocytes which generally are normal in appearance, usually of the
small type, and which do not bave the morphologic features of virocytes

I should like first to dispose of the second group by saymng thac lympho-
«vtosis 15 2 common and rehable feature of the perspheral blood m these
diseases  Although 1t does not aid in disxinguishmg between diseases by
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Table 111, Conditions Accompanied by Lymphocytosrs
(Patholagic, Nonleuhemic)

L. Constant or diagnostic

A Lymphocytes of the "virocyte” type
1" Infectious mononucleosis
2 Acute viral hepatitis
3 Vieal preumonters
4. Herpes zoster
5 Herpes smplex
6 Rovtola mlantum
7 Upper respiratory mfections (vuraf)

B Lymphocytosss, nermal marphology
1" Infectious lymphocy tosis
2 Mumps
3. Chicken pox
1 German memsles
5 Pertusss

1L Tranucnt or inconstant
A Congenital syplalis
B Sccandary stage of syphilis
C Scarlet fever
D Bruccllosis
F Typhoid feser
F Hyperthyrodum
G Myasthenia gravis
1L, Hypopituitarism
1 Chronic tuberculosis
] Chronic exposure to tomzing radiation
K Others

itself. it 15 often helplul i corroborating the climcal diagnos:s, At times
the lymphocytosss 1s present in the prodromal stage before a climical diag-
nosts 1s possible

This then leaves Subgroup 1-A, If a grouping of this sort is justified,
it rases some intrigmng points. The common denommator of this group
1s the presence 1n the peripheral blood of mononuclear cells which are
almost certanly of lymphocytic ongin These cells do not fit the usual
descriptions of etther normal or of leukemic lymphocytes For want of a
better term, they have often been referred to as “atypical lymphocytes "
Attention was drawn to these cells as soon as hematologists began examin-
ing the penpheral blood For example, Turk mn 1967 recorded a case 1n
which the peripheral blood contamed atypical cells thought to be blasts of
acute leukemia but remarkable 1n that the patient recovered. It has been
suggested that this 1s one of the earliest reported cases of what we now
call infectious mononucleosss, or at least one of the earliest cases in which
the peripheral bload was studied Turl’s description of an atypical cell hay-
ing cytoplasmuc features of a plasma cell and a somewhat immature nucleus
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blood are so characteristic that a diag) of infectious lcosis can
be made from the inspection of the peripheral blood smear alone. This
statement is true only m a sery linnted sense

In the fivst place, cells which individually have the features of those seen
in infectious mononucleosis are found in the perspheral blood in a variety
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Fie 113 mon perip blood Wright's starn
(% 1700)

of conditions (Table 11-1, Subgroup I-A) and observation which has been
recorded by a number of writers® 17 1% and even by McKunlay and Douney.?
Figures 11-2 and 11-3 show cells in smears of twa proved cases of infectious
mononucleosis The cell shown m Figure 114 is from the peripheral blood
i a case of prumary viral pneumonitis The presence m the penipheral
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is not unlike that of cells which I shall illustrate later. To this day there 1s
no general agreement as to what a Turk cell is,% and, since Turk’s own
description was hardly definitive enough to justify the eponym, we must
blame s successors for establishing this term firmly in the literature and
in laboratory slang

o,

A

Fic 112 1 heral blood Wright's stain (X 1700)

INFECTIOUs MONONUCLFOSIS

The paper of Evans and Sprunt 7 established the term “infecttous mono-
nucleosis” for the acute ilnesy characterized by abnormal lymphocytes mn
the peripheral blood Thiee years later Downey and McKinlay® provided
the classic description of atypical lymphocytes of infectious mononucleosts,
classified these cells 1nto three types, and thus became responsible for the
concept that the atypical lymphocyte of infectious mononucleosis 15 so char-
actenstic as to Jusufy the term " infectious mononucleosis cell ™ It was only
one small step from this to the concept that these cells in the peripheral
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makes the peripheral blood smear i infectious mononucleosis characteristic
if not diagnostic. In discases other than infectious mononucleosis, virocytes
scldom make up more than 15 per cent of the leukocytes. It 1s also true
that the virocytes seen in conditions other than infectious mononucleosis
usually have the appearance of the cells described by Downey as Type 3.
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Fic 115 Herpes zoster, penipheral blood Wright's stain (X 1700)

Houweser, the classification as to the type of virocyte in infectious mono-
nucleosis has little signilicance since a rather rapid transition can be ob-
served from one type to another 1l serial peripheral blood smears are
examined. On morphologic grounds alone, then, the azypiml lymphocytes
scen 1 the peripheral blood in the conditions listed in Subﬂmup I-A are
very stmilar and for thus reason it seems justified to call them *
and to abandon the use of the term “infections mononucleosis cell

It might be said that since the diagnosts of infectious mononucleosis can
be substantiated by serologic studies,? these morphologic observations are
not particularly disturbing Tlus is only partially true, In the first place the
presence of virocytes can often be of great assistance in suspecting the diag-
nosts 1n diseases such as infections hepatitis or viral pneumonitis when the
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bload of similar cells has been recorded by others 1. 1* Figure 11-5 illustrates
an atypical lymphocyte in the peripheral blood smear of a patient with
herpes 7oster.}® 3¢ Figures 11-6 and 11-7 illustrate the atypical lymphocytes
in the peripheral blood smear of patients with viral hepatitis. Litwins and
Lebowitz'? record the presence of simular cells in 53 per cent of a series of

[

‘ <

i

T 114 Primary viral preamonius peripheral blood Wright's stain
(x 1700)

55 patients with intectious hepatitis which they studted, and sumilar reports
have been made by others? 910 32 14,21

Although 1t would have been possible to select cells not as alike as the
ones tllustrated, 1t must be admitted that, if the captions were intentionally
omntted, 1t would be difficult to pick out which of these cases is infectious
mononucleosts and which 1s not It 1s true that m general infectrotus mono-
nucleosts exhibits a greater percentage of virocytes mn the penipheral blood
smear than do the other conditions histed This 1s one of the features that
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in infectious mononucleosis. In many of these cases, the cells were also
studied by phase microscopy and were found to have the same featurcs as
those of cells in proved cases of infectious mononucleosis.!* However, scrial
serologic investigations revealed that only 4 of the 58 cases had antibodies
which were not absorbed by Forssman antigen and were absorbed by heef

SN

X

bk

W -
S N e i

Fie 117 Viral hepatstes, penipheral blood Wraght's stam (x 1700

erythrocytes Tutres (after absorpuion) m these four cases were higlt and
definitely diagnostic (1:112, 1,448, 1 448, 1:89G) In the other 54 cases there
was little if any elevation of nonspecific heterophil antibedy and no increase
in heterophil antibody of the infectious mononucleosis type. We satisfied
ourselves that these results were not due to technical difficulties There is no
doubt 1n my mnd that this represents a disease similar to, but not the same
as, infectious mononucleosis, It 1s not likely, nor is it within the experience

of others, that there should be an eprdemic of serologically negative cases of
infectious mononucleosis
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clinical findings are doubtful. In the second place the diagnosis ot infectious
mononucleoss in my opinion must not be made unless three critena
are fulfilled: (1) a compattble clinical picture, (2) a compatible peripheral
blood smear, and (3) typical serologic 1esults showing the presence of anti-
Lody not absorbed by Forssman antigen but absorbed by beef erythrocytes

G, — - — S AN |
Fic J1-6 Viral hepatus, peripheral blood Wright's stain (X 1700}

However, 1t 1s common experience that sometimes cases are encountered
satistying the first two c¢ritensa but not the third Many have recorded
this,* ¢ # # blammg esther the specificity of the test or the system of interpre-
tation or technical factors Some have attempted to separate such an entity
by the term *“‘pseudomononucleosts >

1 have commented previously* on a group of 58 (ases studied during the
winter of 1956 1 Mwami During a pertod ot three months, we folloned
carefully cases of an apparently epidemic disease which chinically Irad the
features of mfectious mononucleosrs Serial studies on the peripheral blood
showed numerous atypical lymphocyics, seldom below 50 per cent of the lclf-
Locyte count, cells which could be classified as one or the ather of Dawney's
three types and which we thought morphogically ¢ypreal of the cells secn
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MECHANISMS OF LYMPHOCYTOSIS

The following discussion of the mechanism of lymphocytosis is necessarily
briel because Chapters 1 and 5 deal directly or indirectly with mechanisms

Much that has been written on this subject 1s conjecture and does not
bear repeating One of the fundamental laws of hematology is that the
number of cells occurring at any given time in the peripheral blood are
determined by the net effect of three processes (1) the number of cells
produced in the responsible hemopoietic tissue, (2) the rate at which these
cells are released 1nto the blood stream, and (3) their life span. If we attempt
to apply critically these criteria to an elucidation of the mechanism by which
lymphocytosis is produced, we soon find that we are floundermg in a sea
of ignorance or controversy.

For example, there can be little argument with the concept that Iympho-
cytes are produced exclusively m lymphoid ussues. In addition to lymph
nodes, lymphoid tissue is widely scattered throughout the body in organs
such as the spleen, bone marrow, and gastrointestinal tract, and also mn a
diffuse fashion 1n many other locations. Certainly one route by which
lymphocytes enter the blood stream is by way of the thoracic duct, but it is
caster to umagine Iymphocytes from the gastromtestinal tract finding their
way 1nto the thoracic duct and the venous blood than to picture the migra-
tion of lymplicocytes through a series of lymph nodes nto the collecting
lymphatic vessels and then into the blood stream It 1s probable that
lymphocytes also enter capillaries directly without being transported by
the thoracic duct, but I know of no data to indrcate whether or not this is
true and, 1f so, what the relative proportion is of lymphocytes entering the
blood stream by vartous routes We obviously do not knos the rate at which
these cells are released from the lymphopotetic tissues. At one time 1t
was thought that a count of the number of lymphocytes per cubic millimeter
of lymph n the thoracic duct gave a measure of the total number of lympho-
cytes entermg the blood stream and that from this estimates of their life
span could be made More recent work indicates that one needs to revise
radically old concepts about the hife span of lymphocytes, their brologic
behavior, and their fate, also the manner by which they enter and leave
the blood stream, where they go, and how long they last at each locatton.
At this time we must be satisfied to ask questions for which we do not know
the answers
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2. I general, leukemic lymphocytes that are morphologically similar to
cells in some stage of normal lymphocytegenesis are more likely to be widely
and diffusely disseminated with the clinical, hematologic, and pathologic
features of Jeukemia than are tumors whose cells have abnormal nuclear
or cytoplasmic desiations. The latter are more likely to be cases of lympho-
sarcoma.”

Exceptions: In munerous instances tunors with nuclear and cyroplasmic
abnormalities not found in normal tissues may have the mamfestations of a
diffuse discase indicative of leukemia. Simlarly, it is not always possible to
detect morphologic abnormalities in cells of tumors with restricted growth.

It should be noted that the nuclear and cytoplasmic characteristics of the
cells are studied tn best adiantage in smear or imprint preparationss- 1
while the general architectural and topographic features of nodal structure
are better demonstrated in sections Study of a lymph node is not complete
unless both smear {or imprint) and sectioned material have been examined.

3 In geneml, cases with relatively mature cells in the blood and tissues
are more likely to be chronic, while immature cells usually predominate in
the more acute forms.

A parallel situation occurs in all tumors The procedure of “grading™
tumors depends on determining the proportion of the more or Jess mature
{dilferentiated) and immature {undifferentiated) cell types

Exceptions The degree of malignancy as indicated by the clinical course
15 not always that expected from study of the cells. Cases with relatively
mature cells may progress rapidly or have acute exacerbations: cases with
nmature cells {lymphoblasts) may have courses longer than anticipated.

4 Tumors with a follicular histologic pattern (follicular lymphoblastoma,
gant follicle lymphoblastoma) are likely to have a prolonged course. If the
presence of a follicular pattern may be taken as an indication of maturation,
this agan is in conformity with the general statement that maturity is usnally
accompanied by a longer course

Lxceptions The subsequent occurrence of obvious clinical malignancy,
which usually occurs only after a long mtenal, 15 sometimes rapid in its
development

5 Tumors composed of cells larger than a lymphocyte and with clearer
nucler and cell bodtes are often referred to as reticulum cell tumors without
further study of cell details. Size and cell clarity alone are not enough for
the identification of reticulum cells (histiocytes) The sarcomatous tumors
that have been described under this name compnise a heterogeneous group?



CHAPTER 12

LYMPHOCYTES OF THE
LYMPHOCYTIC LEUKEMIAS

MAURICE N. RICHTER

This chapter 1s limted to certain aspects of the cells and lesions found m
leukemia and related states, espectally the relations of cell types, tissue
changes, and clinical course.

Neoplastic conditions wmvolving lymphocytes occur in forms which at
one extreme are localized to certan regions and at the other extreme are
widely dissemmated, involving many, or seemingly all, Iymphauic tissues
The presence of intermediate and transition forms raises questions of prob-
able relationships and reasons for the differences 1 dseribution

CELL TYPES

Simularly, the cell types of tumors may be morphologically typical of some
stage 1n the normal development of the Iymphocyte or may devrate there-
from by having nuclear or cytoplastme abnormalittes not found in normal
lymphiopatesss. Although tutars atsing from so<alled retrculum cells or
histiocytes are not lymphattc tumors, they must be discussed because of the
possible relationshups of thewr cells of ongin

Certarn general statements, to which there are numerous exceptions, may
be made

1 In general, tumors that apparemtly asse n individual lymph nodes
or node groups tend to spread by metastatic deposits of more or less focal
(localized, nodular) character, often in regional areas at first, 1 much the
same way that metastases from other types of tumor occur

Exceptions In some cases the rapud dissenmmarion of cells by the blood
stream obscures the sequence of events, leads to diffuse imohvement, and
raises the queston of possible multtplicaty of foci of origm
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greatest importance that when a practitioner sends an excised Iymph node
to the pathologist for diagnosis, he should at the same time send all the
chnical information available. Too often the specimen is sent in without
a word of history. This may be taken as subtle flattery for the omniscient
pathologist, but it is actually an expression of culpable carelessness, and is
grossly unfair to the patient who has entrusted himself to the practitioner.™
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with cells that may be large or small, moncnuclear or multinuclear, and
that may or may not be associated with the lesions of leukemia or Hodg-
Nin's disease. In relation to the present discussion, 1t is probable that some
of the tumors with cells of uniform size only slightly larger than lympho-
cytes may be composed of lymphoblasts® ** or of primitive Iymphoid cells
{retienlar lymphoblasts).

6 In general, the hind of cell and type of manifestation (focat or duffuse)
tend to remain the same throughout the course of the disease.

Exceptions: The exceptions are numerous® but are of limited linds.
Changes from a localized to a generalized form of disease or from a chronic
to an acute type are not fundamental changes in kind, but in manilestation

Changes 1n cell type, for example from reticulum cell to lymphocyte or
vice versa, arc theoreucally possible but are certamnly exceptional The
posstbihity of the coexistence of two neoplasms (e g, reticulum cell sarcoma
and lymphocytic leukemia®) males the nterpretation of such cases on the
basis of “change of cell type” difficult. On the other hand, changes within
the concept of “Hodgkin's disease” (e g., change from Hodghin's para-
granuloma to granuloma to sarcoma) are not changes of Lind, 1nasmuch
as nvolsement of the same cell or ongin (reticulum cell, histiocyte) is the
basic leston n all

LEUKEMIA IN MICD

A study of leukemnia mn mice provides information on a few points relaine
to this discussion

1 The blood prcture and distribution of lesions of mouse leuhemma trans-
mutted by cell implants are not necessarily the same as m the original donor
mouse,’® mdicatng that these features do not indicate differences in kind

2 Changes 1n the distribution of lestons m transplanted leuhemia may
be affected by expernmental procedures,” indicaung that different mant-
festatrons of the discase are dependent in part on the relationship obtaiming
between the transplanted cells and the host

3. Changes 1n acuity of the disease during a sertes of transmissions may
be preceded by changes 1n cell morphology *

SUMMARY
These observations mdicate that study of the peripheral blood or of
an excised lymph node does not alone enable one to determine the distribu-
tron of lesions or the rapidity of their course The mmportance of supple
mentary information 1s clearly expressed by Boyd. "It is therefore of the
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Of historic interest is the esperimental transmission of the canine
rvenereal tumor from a naturally infected dog to other dogs, which was ac-
complished in 1876 by a Russian vetcrinarian, Novinshy This feat
prompted at least onc of Novinsky's countrymen to consider him “the fore-
father of experimental oncology.” An important milestone in research on
lymphocytic malignancics was passed an 1908 when Ellermann and Bang
experimentally transmitted foul leukosis from affected to normat chickens,
although the disease had been desenibed as a matural orenrrence in birds as
carly as 1868.

Our purpose 1s 1o point out certain interesting features of this group
of diseases in birds, swine, horses, rodents, monkeys, and cattle and to make
more detailed comparisons between the dog and cat. (The disease of mice
15 discussed m Chapter 12)

LYMPHOCYTIC MALIGNANCIES IN SPECIES

Birps

‘The term “fowl leukosis” is used to encompass the erythroid, myeloid,
and lymphoid malignancies of the domestic fowl. The erythroid and myeloid
forms arc most readhly induced experimentally in susceptible birds and
have been the subject of rather estensive laboratory study. The lymphoid
form of the disease 15 widespread in nature to the extent that 1t constitutes
an 1mportant economic problem. Howezer, 1t 1s more difficult to induce 1n
the laboratory. Lumtations ol time preclude further consideration of this
avian disease, although 1t presents many interesing similarities as well as
differences 1n comparison with neoplastic lymphocytic disease 1n mam-
mals 7

Pics

Although some of the earliest reports on leukemia were devoted to swine,
the disease does not appear to be common, at least to judge from the lttera-
ture Suine are susceptible, howeser, and some well-documented cases are to
be found * 14,1823

Horses

Malignant lymphoma occurs 1n this species,® but its frequency 1s un-
known Decreased interest in these amimals over the past three decades has
resulted 1n few studies of such a rare disease. It 1s possible that the present
growing interest 1n horses and ponies may make studies in the equine species
possible again



CHAPTER 13

COMPARATIVE PATHOLOGY OF
LYMPHOCYTIC MALIGNANCIES

T. C. JONES and JERI A. BERG

Malignant neoplastic disease of lymphoid cells apparently occurs in all
spectes 1n which these cells are recognized These spectes include all verte-
brates, among which both manmmals and birds are known to be susceptible.
Although a great deal of mformation has been accumulated relative to
lymphocytic malignancies in various species, no sustained efforc has yet
been made toward the thorough mestigation of the disease in any species
with the exception of chickens, mice, and men Sull to be acquired 1s the
most important data relative to this group of neoplastic diseases in lower
animals Not yet are the data adequate for use toward understanding and
controlling the human disease Intensive research n several species 15
greatly needed on this problem because the sumlanties in different ammals
point toward common or related etiologic factors. m spite of the complex
and confusing nomenclature mn present use which tends to obscure this
mmportant possibility

Present concepts of this disease complex appear to have started to develop
from the work of Viichow, who in 1815 grouped human cases of malignant
disease involving blood cells and 1ntroduced the term “leukamte ” Similar
disease was soon recogmized mn ammals by Leisering' who described a case
in a horse m 1858 and another m a pig 1n 1865 Bollinger reported cases
in pigs and a dog mn 1871, and Siedamgrotzky described cases 1n dogs and
cats n that same year Eberth 1s credited with reporting the first case 1 a
mouse in 1874, Jacob recorded the first case n an elephant 1n 1908 At the
present time malignant Iymphocytic disease has been recognized n all
domestic and many wild species of birds and mammals The disease 1s not
known in species below the yvertebrates
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1t is of interest that Dobberman and Seifried!? recorded the condemnation
for leukemia of from 0.15 to 0.1 per cent of cattle slaughtered in Germany
during the years 1927 to 1936. These authors also reported 100 per cent in-
crease in the disease in the course of those years, Junack!® in 1932 expressed
an opinion that malignant lymphoma in cattle had doubled m frequency
dunng the preceding 25 years. Lockau!® in 1933 reported finding the disease
m 06 per cent of 24000 cattle slaughtered in Berlin. Schottler and
Schottler™ found the disease to affect 10 per cent of the animals 1n some
herds m East Prussia.

P NI

Fic 13- Canine venereal tumor Large friable tumor mass on the penis of
a dog (AFIP 732352)

Docs

In the dog several disease entities must be considered by the pathologist
n reaching a definutive di of 1 lymph The most im-
portant, and often the most perplexing of these, 1s the canine venereal
tumor. This lesion has been known for many decades and has been the sub-
Ject of several invesugations since the pioneer transmission expertments of
Novinshy mentioned previously The disease 1s readily transmutted by
coitus from mfected to susceptible animals and can be experimentally
induced by transfer of suspensions of cells from the tumors to normal
canme genitalia The tumors appear on the penis or prepuce of the male
and 1n the vagma and occasionally n the cervix and uterus of the female.
Rather large fungoid masses are usually seen (Fig 13-1) which are friable,
richly vascular, and occasionaily necrotic Microscopic exammation reveals
the tumors to be made up of indrs idually discrete cells with hyperchromatic
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RODENTS

Lymphocytic malignancies are infrequent but have been reported 1n the
rat® and, of course, have been studied a great deal in the mouse It is also
rare as a spontaneous disease 1n hamsters and guinea pigs,

MONKEYS

We have been unable to find a satisfactorily documented case of malig-
nant lymphoma in a subhuman primate. It would be strange, indeed, how-
ever, 1f these species were not susceptible,

CATTLE

Lymphocyttc malignancies in bovine species are not infrequent; the
disease is world-wide m distribution and enzootic outbreaks have been re-
ported In general, the disease in cattle 1s not particularly well documented,
although good descriptions of outbreaks and individual cases have appeared
mn the literature The disease is characterized by generalized mvasion of
lymph nodes by mahignant lymphoud cells which frequently imnfiltrate the
cardiac muscle #* Acute forms of lymphocytic leukemia are sometimes seen
n young calves Intense study of the disease 1n this spectes 1s definitely indi-
cated and should be fruitful. It 1s hoped that certain studies now getting
underway will yield information of value toward better understanding of
the disease

OF 1nterest 15 the recent study by Barnest of the records of the United
States Department of Agriculture relative to the incidence of lymphoma in
cattle slaughtered for food 1n establishments under the meat inspection
service of the Department It must be borne in mnd that these records
were not accumulated wm order to study lymphoma, and the diagnoses were
made for the most part upon gross examination of slaughtered animals m
determuning their fitness for human consumption Nevertheless, the figures
accumulated are of mnterest in relation to the probable incidence of the
disease 1n cattle Accordmg to these records, 230,170,948 cattle were slaugh-
tered during the years 1944 through 1958, and lymphoma was recognized in
27,764 of these ammals Detween the years 1944 and 1953, malignant lym
phoma was recorded at an annual rate per thousand slaughtered animals of
from 90 to 115 During subsequent years, 1954 through 1958, this rate
rose steadily to reach 180 per thousand If these records reflect the true
status of the discase in cattle n this country, the mncidence has been steadily
increasing stnce 1953, and the 1958 rate is twice that of 1944 Research 1s
definitely needed to evaluate this bovine disease by all means posstble, to
determine 1f this apparent mcreased mncidence 1s real, and, if possible, to

learn its causes



Fic 133 Canine venereal tumor, extragemtal lesion The dermis 1s
mtensely infiltrated with cells which elevate the epiderms and tmade
the subcuts (X 8) (AFIP 71M71)

Fic 13-4 Canine venereal tumor, extragemtal lesion Tumor cells
smBliritng subcutanenus fat (% 410) (A\FIP 710474
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spherical nuclet (Fig. 13-2). These cells are densely packed, often in mitosis,
and infiltrate the tissues underlying the epithelium The resemblance of
these cells to malignant Iymphoid cells suggested one of its synonymous
names, transmissible lymphosarcoma.

The origin and nature of the cells are still a matter of controversy Bloom,
Paff, and Noback* consider them to be mature end cells of reticuloendothe-
lial origin; Mulligan® relates them to histiocytes; Jackson'? and DeMon-
breun and Goodpastures feels that their origin is uncertain but that they are
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Fic 132 Canine venereal tumor Indidually discrete cells mfil-
tratmg dermis (% 440y (AFIP 710474)

most closely related to the lymphocytic series In additton to being trans-
missible, this lesion 15 generally self-limiting, 15 confined to the genital
system, and confers immuntty to further attacks However, 1 a few ammals
metastases and extragemial lesions occur which may or may not be re-
lated

The estragemtal lesion which simulates malignant lymphoma of the shin
1s hustologically indistinguishable from the venereal tumor but 15 not 1denti-
cal in all clmical aspects This lesion appears raptdly 1n young dogs, usually
as a single lesion which displaces the dermis and elevates the eprderms
The lesions are arcumscribed, usually from 2 to 5 ¢cm 1n diameter, and
are often ulcerated due to liching or scratching by the afflicted animal
Histologically they are made up of mdnidual round cells which infiltrate



Fic 133 Gimne venereal tumor, extragemtal lesion The dermus 15
mtensely infiltrated with cells which elevate the epidernus and 1vade
the subcuts {x 8) (AFIP 710174)
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Fic 134 Camne venereal tumor, extragenital lesion Tumor cells

infilratng subcutaneous fat (x 410) (AFIP 710474)
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the dermis (Fig 13-3), isolate the collagen bundles, and extend into the
subcutis to grow between the fat cells (Fig. 13-4). Mitoses are common. In
many respects, therefore, this lesion simulates a locally invasive, malignant
neoplasm, but it actually 15 benign, readily cured by simple, even incom-
plete excision, and is often self-limiting OFf some help to the pathologist
encountering this lesion is the knowledge that malignant lymphoma in the
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dog rarely involves the skin, and when it does, other organs are usually
recogmzably affected .

The canmne mastocytoma may present a problem i differential d.xagnom
unless the pathologist 1s fanmliar with 1ts characteristics This tumor involves
the dermis and sometimes the subcutis It 1s made up of mast cells of varying
degrees of differentiation and is mixed with eosmophils and occasionally
more primitive myeloid cells The metachromatic granules 1n the q.'tophsm
of the mast cells are of defimitive value in distguishing these cells (Fig 13-5)

The term “mahignant lymphoma™ as used by Gall and Mallory™ most
clearly encompasses the histologic features of the various forms of lympho-
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cytic malignancies in the dog (as well as in most other species) Bloom and
Meyer® using sections and imprints have classified twenty canine cases into
hympheblastic, lymphosarcoma cell, lymphocytic, and mixed cell types. We
have seen a few cases which conld be related histologically to the giant
follicular lymphoblastoma of man. A few canine cases simulating Hodghin's
disease of man have also been reported.® At this time no clearcut correla-
tion is evident between the varwous histologic ar cytalogic manifestatians
and the biologic course of the disease.

s N VS, S ;

Flo 136 Camine malignant lymphoma, ventral aspect of mandibular
region wath skin reflected Al lymph nodes are greatly enlarged A male
mongrel terrer dog, 12 years of age (Courtesy of Angell Memoral
Anumal Hospital )

The gross lesions in the dog are of nterest, particularly in comparison
with those of the cat and other species As m all species, 1t is often difficult,
if not 1mpossible, to determune the “primary” site of the lestons, More
often than not 1t appears that several organs may be mvaded by malignant
lymphoid cells almost simultaneously This generalized manifestation most
frequently affects the lymph nodes In some cases one organ may be par-
ticularly affected and may be greatly enlarged before other organs are
seriously 1nsaded This results in a lesion which is foremost when the
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the dermis (Fig. 13-3), isolate the collagen bundles, and extend into the
subcutis to grow between the fat cells (Fig. 13-4). Mitoses are common. In
many respects, therefore, this leston simulates a locally invasive, malignant
neoplasm, but it actually is benign, readily cured by simple, even incom-
plete excision, and is often self-umiting. Of some help to the pathologist
encountering this lesion is the knowledge that malignant lymphoma in the

TR N
k.‘»“""‘%‘f ;

P &

?*\5;
T L
fio.

I

Fic 135 Camne mastocytoma Neoplastic mast cells invade the dermis
and are often arranged concentrically around hyaline, thick-walled blood
vessels The metachromatic granules in this cytoplasm of the mast cells
differentiate the cells from the Iymphocytic series Giemsa's seain
(x 375) (AFIP 186765)

dog rarely involves the skm, and when 1t does, other organs are usually
recognuzably affected

The camne mastocytoma may present a problem in differential diagnows
unless the pathologist 1s familiar with 1ts charactersstics This tumor mvolves
the dermis and sometimes the subcutis It 1s made ap of mast cells of varying
degrees of diffcrentiation and is mixed with eosinophils and occasionaliy
more primutive myeloid cells The metachromatic granules in the cytoplasm
of the mast cells are of defimttive value m distguishing these cells (Fig. 13-5)

The term “malignant lymphoma” as used by Gall and Mallory'® most
clearly encompasses the histologic features of the various forms of lympho-
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Dic 138 Canme malignant hymphoma Multiple masses of Iymphoma and large

sharply demarcated sfarcts i the spleen of a 3yearold male German shepherd dog

(Courtesy of Angell Memonial Ammal Hospital )

Fic 139 Felme malignant lymphoma Large tumor masses m the renal cortex of a
10 year old castrated male cat (Courtesy of Angell Memorial Anmal Hospital )
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ammal is first presented for diagnosss or is first observed to be ill. This
“presenting” lesion affords a means of making interesting comparisons be-
tween species and may determine the sigmificant signs and course of the
disease

Upon reviewing 147 cases of canine malignant lymphoma from the files
of the Angell Memorial Animal Hospital, 1t was found that in 65 per cent
of the cases, the presenting lesion was generalzed lymphadenopathy (Fig

Fic 137 Cammne malignant lymphoma A large mass m the wall of the ileum of a 6-
vear-old male German shepherd dog (Courtesy of Angell Memorial Animal Hospital)

13-6) In 12 per cent the thoracic lymph nodes were mminially involved, result-
wng 1n resprratory dificulty Single lestons n the small mntestine (Fig 13-7) m
5 per cent of the cases resulted 1n obstruction or stasis of the intestinal tract
Large masses 1n the spleen (Fig 13-8) were the mmual leston 1 2 per cent
of the cases, although early infiltration of Iymph nodes was usually present
In only 2 per cent was a leukemic blood picture observed, and this was
usually seen only 1n the terminal stages of the disease Renal lesions were
outstanding 1n only 2 per cent of the canine cases

The ncidence of malignant lymphoma among dogs admutted to the Angell
Memorial Animal Hospital mcreased slowly from 04 mn 1948 to 154 per
1,000 admissions 1n 1953 During the next five years, 1654 through 1958,
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the incidence has risen slightly from 211 to 2.5 per 1,000 admissions.
{About 8,000 dogs are admnitted each year to this animal hospital) It is
probable that this apparent increase in frequency of occurrence 1s not based
upon an actuat higher incidence bue rather upon the increased interest in
the disease and its more [requent recogmition. (Reference 15 made o Fig.
1312}
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F1o 3812 Annual rate per 100D admussiops of malignant ymphoma m 137 dogs and
98 cats

The age at which dogs may be affected with mahgnant lymphoma 1s
portrayed graphically in Figure 13-13 Ti will be seen that the disease occurs
1n dogs from the first through the sixteenth year of age The disease 15 seen
most frequently in dogs between the third and ninth years of age Dogs in

this age graup probably cansttate che greatest segment of the canme popula-
tron.

Cars

The ¢at presents some 1oteresting contrasts to the dog not only in tempera-
ment but 1n the way it 1s affected with malignant lymphoma The dustribu-
ton of the gross lesions differs particularly between these two spectes. The
presenung lesion n the largest group (20 per centj of the feline cases 1s
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Fig, 13-10 Felme malignant lymphoma Tumor masses filhing anterior mediastinum
{Courtesy of Angell Memorial Antmal Hospital,)

Fic 1811 Feline mahg Iymph Neopl! £ of mes-
entenic lymph node  The intestinal wall usually 15 imvaded when the adjscent
lymph nodes arc affecied (Courtesy of Angell Memorzal Animal Hospicl )
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the incidence has risen slightly from 2.1% to 25 per 1,000 admissions
(About 8,000 dogs arc admitted cach year to this animal hospital.) It 1s
probable that this apparent increase in frequency of occurrence 1s not based
upon an actual higher incidence but rather upon the increased interest in
the disease and its more frequent recognition. (Reference 15 made 1o Tig.
1312)

a ==

a0 17 60Gs 8 cats

CASES YER 1000 ADMISIIONS

Qghc 1312 Annual rate per 1000 admissions of malignamt lymphoma m 147 dogs and
cats

The age at which dogs may be affected with malignant lymphoma 1s
portrayed graphically in Figure 13-13 It will be seen that the disease occurs
in dogs from the first through the sixteenth year of age The disease 1s seen
most frequently 1n dogs between the thurd and nuth years of age Dogs in

l!\ls age group probably constitute the greatest segment of the canine popula-
tion,

Cars

The cat presents some interesting contrasts to the dog not only 1n tempera-
ment but in the way 1t 15 affected with mahignant lymphoma The distribu-
tion of the gross lesions differs particularly between these two species. The
Presenuing lesion n the largest group (20 per cent) of the feline cases 15
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located in the hidneys. These lesions (Fig. 13-9) often result in death due
to renal failure Lefore any significant gross lesions are evident elsewhere
in the body. In a nearly equal group (18 per cent) the anterior mediastinum
(and presumably thymus) is filled with tumor (Fig. 13-10), thereby making
the 1nitial signs referable to respiratory difficulty. This is a feature that
also occurs in certain strains of mice affected with malignant lymphoma

147 DOGS 98 CATS

PERCENTAGE

T234567890Nn21B3RIIE 1234356 76910112131415161718
AGE IN YEARS AGE IN YEARS

b 1313 Age disttibution of malgnant lymphoma i 147 dogs and 98 cats

The liver 1s primanly affected 1n 17 per cent of the feline cases, and the
presenting signs are referable to lner falure This infiltration may be
diffuse or nodular Single nodules of malignant lymphoma in the small
wmitestine or mesenteric lymph nodes are found in about 15 per cent of the
cases (Fig 13-11) Palpable abdominal masses and intestinal obstruction are
therefore fairly frequent chincal findings Leukemic blood prcture 15 en
countered m about 10 per cent of the cases 1n cats

The wnadence of malignant lymphoma 1n cats appears to be nearly twice
that of dogs (Fig 13-12) The average rate per 1,000 admissions during the
years 1954 thnough 1958 was about 6 5 The records prior to these years
probably are incomplete The age of affected cats ranges from a few months
to seventeen years (Fig 13-13) A significantly greater number of joung
anumals of this species are affected 1n comparison with the dog
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CHAPTER 14

EXPERIMENTAL INDUCTION OF
LYMPHOCYTIC MALIGNANCIES

STEVEN O. SCHWARTZ

Our interest 1n human leukemia compelled the search for 2 tool to enable
the imestigation of the etiologic factors responsible for the develeopment
of the disease. Because of simslanties between lymphauc leukemia i the
mouse and human leukemias, we undertook a series of experiments to test
these stnmlanties 1n the two species. We have learned that antigenic simulari-
ties do exist regarding the white cells and red cells and that the changes 1n
the blood, the marrow, lymph nodes, spleen, liver, lungs, hidneys, and genital
organs resemble one another

Experiments 1n which cell-free filtrates were prepared from the bramn of
leukemic mice soon convinced us that leukemia could be induced by means
of a cell-free agent whose charactenistics were those of a virus,

The agent was found to be self-perpetuating 1n passages through mice
Turation of the agent revealed a progressive fall of activity with almost
no ability to induce leukemia n a dilution of 103 However, 1 serial
passages through ammals of the same species, the cell-free filtrate can be
diluted virtually to nfinity In our own experiments the dilutions have
Leen carried out as high as 104 with excellent retention of leukemia-indue-
ng ability

One of the mtriguing questsons in this field 1s whether leukerma primanly
represents a metamorphoss of cells, which would equate 1t with the car
ctnomas, or whether 1t 1s primanly a reactine hyperplasita, which later
becomes autonomous and rrreversible IE 1 represents a
phosis of cells, one must assume a unicentric origin from a focus where cclls
hae become “malignant,” where they mulaply, and from which they
metastasize. If, on the other hand, leukemia represents a reactive hyper-
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By seventy-two hours the changes described are more definite, The cellular
infiltration of the fat tissue around the gemital organs and the Kidneys s
almost entirely made up of the mononuclear cells with only an occasional
polymorphonuclear leukocyte. The periadrenal fat tissue 1s similarly in.
vaolved,

By the fourth day the changes are unmistakable. In those arcas i which
small collections of tumor cells were seen earlier, tumor cell infiltration s
heavier. In addition the tissues around the mediastinal and mesenterc
nodes also show beginning infiltration with tumor cells, although the archi-
tecture of the lymph nodes remains preserved.

On the filth and sixth days changes are progressing, an occasional lymph
node shows specific involvement. By the seventh day the mesenteric and
mediastinal lymph nodes show certain imvolvement, and the inguinal lymph
nodes show early changes. By the eighth day the lymph node imolvement
becomes generalized By the ninth day complete dissemination has occurred;
lymphoblastoma is fully descloped.

The progression of changes is essentially the same in all animals mjected
with leukemic material, Significant differences could not be demonstrated
betueen the development of leukemia 1 those animals injected meracere-
brally or intraperitoneally with leukemic cellfree filtrates and those animals
injected with tumor cell suspensions

The very early lymphoblastomatous transformation in the fat tissues sur-
rounding different organs is striking, This occurs long before sigmficant
changes can be demonstrated in such lymphotd ussues as lymph nodes.
thymus, and spleen.

-\ contiguous involvement from the site of tnjecuon seems unhkely be-
cause the progression of changes in the amimals mjected with tumor cell
suspensions intraperitoneally does not differ significantly from the pro-
gression of changes seen in animals injected intracercbrathy with cell-free
Rltrates This progression offers further evidence of a muncentric leukemic
transformation. The leuhemic transformation 1s believed to be due i both
Instances to the proliferation of a virus In the case of cell-free filtrates,
the virus is present in free form; in the case of cell mnoculation, the virus
I present in the cells from shich it 1s hberated

CONCLUSION

It may be concluded that leukemic cell-free filtrates elcit a lymphoid pro-
literation. This lymphord proliferation has its genesis i the mesenchymal
cells. The proliferation eventually leads to an wrreverstble overgrowth
Cronding out and replacement of normal ussues take place There 15 evi-
dence that the leukemia represents a multicentric response rather than a
local growth which spreads by virtue of metastases
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plasia, then we may expect a multicentric origin, secondary to a mobiliza-
tion of primitive mesenchymal cells.

EXPERIMENTS ON THE GENESIS OF LEUKEMIA

A series of experiments was undertaken to study the genesis of leuhema.
One group of animals received intracerebral mjections and one group, mntra-
peritoneal injections of leukemic cell-free filtrate from the bran, a third
group was mnjected with cell-free filtrate of bram from nonlenkemic mice,
and a fourth group was injected intraperitoneally with tumor cells suspen-
sion. It was known that lymphoblastoma would develop in the animals 2
week or two after moculation; a number of animals from each group were
sacrificed each day. The tissues were studied as unknowns, Animals were
considered positive only when the diagnosis of lymphoblastoma could be
made unequivocally

We were particularly mterested in ascertaining when and where the
earliest lymphomatous changes take place We wished to hnow also whether
the leukemic transformanon occurred in different areas sequentially or
simultaneously. We wanted to learn, further, whether the way the Jeukemia
develops differs when cell-free filtrates or tumor cells are used for purposes
of induction, or when intracerebral or ntraperitoneal routes are used for
moculation.

Both C3H and Swiss mice were used. One tenth of a cubic centimeter
of the cell-free filtrates was used for the intracerebral and 05 cc, for the
intraperitoneal 1noculauon In the tumor cell suspension expermments,
05 cc of a tumor cell suspension contarning approximately 10% cells per
cubic centimeter was used By the eighth day all the mjected nuce presented
gross evidence of leukemia

The fully manifest lymphoblastoma shows a complete obliteration and
replacement of lymph node architecture, tumor cell invaston of the pert-
nodal tissues, nvasion of the salivary glands, and heavy mnfiltration of the
hiver, hidneys, perirenal tissue, and genital organs The sheletal muscles,
spleen, marrow, and central nervous system are mnconstantly molved. The
progression of morphologic changes as observed at twenty-four hour m-
tervals was as follows

In twenty-four hours there were no specific changes Some of the lymph
nodes show a nonspecific lymphadenits

In forty exght hours the carliest changes are seen 1n the fat tissue of the
mesentery, around the hidneys. and around the genital organs, where mono-
nuclear cells appear which resemble large lymphoblasts These cells are
ntermingled with polymorphonuclear leukocytes The lymph nodes show
bmphadenius Such changes are not seen i the animals noculated
with nonleukemic bramn filtrates



CHAPTER 15

THE CHANGING PATTERN OF
LYMPHOCYTIC MALIGNANCIES

R. PHILIP CUSTER

Doctor Schwartz’ chapter (Chapter 14) is a most beautiful and convinang
demonstratton of cellular muitipotentials Not only does he show the de-
velopment of leukermc cells from indifferent reticular elements but from
differentiated cells as well, notably those of the renal capsule, which we
generally assume to be relatnely inert fibrocytes After Doctor Schwartz' pres-
entatton I feel much better about my habitual use of the term “leulemic
metaplasia” in place of the conventional “leukemic infiltration " Leukemic
cells unquestionably can and do colonize from the peripheral blood, as
well as mfiltrate, but I have long maintamned that their interstutial growth
can likewise be autochthonous from preevisting elements, probably reticulo-
endothehial for the most part

In one of my carhier papers,! the following statement was made: “The
concepe of the cell as a static ynit must be discarded ” This was based on
expenence with a large number of cases of leukemia and lymphoma in
which essue was sampled at various times during the course of the disease,
and autopsy material generally obtamned In collaboration with Dr William
Bemhard, the resuits of our first analysis were published in 1948, conform-
ing sub ally to the flow diag shown n Figure 15.1. In over 35
per cent of cases there was a signtficant change in the histologic character
of the mahgnant growth, an incidence confirmed recently by Doctor
Edward Gall'®

While the occurrence of such transitions has been commoner among
the lymphomatous disorders, they are by no means confined to this fategory.
Changes m the myeloproliferative group, coupled with malignant plasmo-
cytic disease, are shown in Figure 15-2, the latter merely representing geo-
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Leukemia represents in the beginning not a wild, autonomous, purpose-
less proliferation but an unsuccessful biologic response, a response that 1s
originally defensive in nature. Why this process eventually becomes autono-
mous and lethal remains to be answered.

Lorror’s Note* For documentation the reader 1s referred to the recent review article Schwartz,

S O, and Schoolman, H. M The etiology of leukemia The status of the virus as causatne agent
—\ review Blood 14 279, 1955,



CHAPTER 15

THE CHANGING PATTERN OF
LYMPHOCYTIC MALIGNANCIES

R. PHILIP CUSTER

Doctor Schwartz’ chapter (Chapter 14) is a most beanuful and convincing
demonstration of cellular mulupotentials Not only does he show the de-
velopment of leukemic cells from indifferent reticular elements but from
differentiated cells as well, notably those of the renal capsule, which we
generally assume to be relatively inert fibrocytes. After Doctor Schuwartz’ pres-
entation 1 feel much better about my habitual use of the term “leukemic
metaplasia” 1n place of the conventional “leukemic nfiltration.” Leukemic
cells unquestionably can and do colomze from the peripheral blood, as
well as mfiltrate, but 1 have long maintained that their interstitial growth
can likewise be autochthonous from preexisting elements, probably reticulo-
endothelial for the most part.

In one of my earlier papers,! the following statement was made: “The
concept of the cell as a statc unit must be discarded.” This was based on
experience with a large number of cases of leukemia and lymphoma n
which tissue was sampled at various times during the course of the disease,
and autopsy material generally obtained In collaboration with Dr William
Bernhard, the results of our first analysis were published in 1948, conform-
ing substanually 1o the flow diagram shown mn Figure 15-1. In over 35
per cent of cases there was a sigmificant change 1n the histologic character
of the malignant growth, an incadence confirmed recently by Doctor
Edward Gall?

While the occurrence of such tr i has been co among
the lymphomatous disorders, they are by no means confined to this category
Changes in the myeloprohferative group, coupled with malignant plasmo-
cytic disease, are shown in Figure 15-2, the latter merely Tepresenting geo-
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FoLiicuLar To LyapHOCYTIC TO RETICULUM CELL LiMPHOMA

Case 2. This 62-year-old man gave the history of a mass developing rather
rapidly in his right axilla fifteen years earlier. It reached the size of a golf
ball and remaimed static until five weeks prior to admission. At that time he
noted enlargement of all superficial nodes, associated with progressive

Fic 154 Case 7 Awllary lymph node biopsy diag
nosed as follicular lymphoma () was followed a year
Jater by the development of chronic lymphocytic
teukemia (B), the peripheral leukocyte count reach-
sng 250 000 per cubic millimeter (all mature lympho-
cytes)

abdormmal swelling The latter was 1denufied as massive tumor growth.
apparently a compostte of nodal, splenic, and hepatic enlargement. Remoral
of the onigmnal axillary mass, now the size of a tenms ball, disclosed a mahg
nant lymphoma of follicular type (Fig 15-5.4). He responded well to chemo-
therapy, and subsequent local recurrences were treated by radmzhem!wy
A biopsy about a year Jater showed complete loss of nodular pattern (Ing
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ForrLicuLAr 1o LyamprocyTic To RETICULUM CELL Lyarprovia

Case 2. This 62-year-old man gave the history of a mass developing rather
rapidly in his right axilla fifteen years earlier. It reached the size of a golf
ball and remained static until five weeks prior to admission. At that time he
noted enlargement of all superficial nodes, associated with progresstie

L
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Fic 154 Case I Allary lymph node bropsy diag-
nosed as follicular lymphoma () was followed a year
later by the devclopment of chrome lymphocytc
leukemia (B) the peripheral leuhocyte count reich-
ing 250,000 per cubic mulimeter (all mature lympho-
cytes)

abdominal sweling The latter was identified as massive tumor growth,
apparently a composite of nodal, splenic, and hepatic enlargement Removal
of the original axillary mass, now the size of a tenms ball, disclosed a malig-
nant lymphoma of follicular type (Fig 15-5.4). He responded well to chemo-
therapy, and subsequent local recurrences were treated by mdnmhcmm’
A biopsy about a jear later showed complete loss of nodular pattern (Fig
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15-5B), the growth now forming a diffuse sheet of small lymphocytes (Fig.
15-5C). Three and one-half years after his first admission there was major
recurrence, and the tumor proved resistant to various therapeutic measures
He developed panhematocytopenia and died of sepsis incident thereto The
tumor found at autopsy was composed entirely of large, pleomorphic
reticulum cells (Fig. 15-5D).

ForLLicuLAR LyarpHOMA TO MULTIFACETED HODGRIN'S TYPE

Case 3. A white woman 49 years old was admitted to the Cardio-Thoracic
Surgtcal Service for resection of a large mediastinal tumor which proved to
be Hodglin's Iymphoma, some parts being typically granulomatous {Fig.
15-6B), others purely sarcomatous (Fig. 15-6C), while stll others showed a
fibrosarcomatous pattern (Fig. 15-6D) On being questioned later about an
axillary scar, she recalled having had a node removed nine years previously,
a course of x-ray therapy followed We were able to obtain a section of the
biopsy which showed the follicular type of Iymphoma (Fig 15-64).

Forricurar LyapHOMA T0 DESatopLAsTIC HopGKIN'S TYPE

Case 4 Th.s was the fascinating case of a woman who, at the age of 51,
developed br'ateral supraclavicular tumors which remained relatively static
for four years and then began to enlarge rapidly. A biopsy showed the tumor
to be a follicular lymphoma (Fig 15-74) which was controlled by chemo-
therapy for the next three years A large mass then appeared in the Teft
lower quadrant of the abdomen and regressed after treatment with x-rays
and alkylaung agents Five months later she was readmitted with the com-
plete syndrome of malignant hypertension, striking cardrac enlargement hav-
ing occurred tn the interim A Goldblatt Lidney situation was suspected,
treatment directed toward the abdommal tumor was resumed, and a brief
respite was obtamned The pattent then became virtually moribund, and,
mostly as a gesture, an additional 15 mg of triethylene melamine were
administered To the amazement of everyone, symptoms were gradually
relieved over the nest three weeks, and she became ambulatory and com-
fortable during the subsequent two years Recurrence of malignant hyper-
tension, this trme unaffected by chemotherapy, led to her final admusston,
and she died as the result of renal fmlure complicated by staphylococcic
pneumonia . i

The autopsy disclosed the left kidney encased by dense white tissue, its
major blood vessels rendered stenotic thereby The right renal artery was
likewise constricted, and both kidneys were the seat of pyelonephritis Sec-
tions of the tumor mass showed it to be composed chiefly of acellular
collagenous tissue punctuated by virtually empty spaces (Fig 15-7B), one of



The Changing Patiern of Lymphocytic Malignancies 189

Mrcosts FUAGOIDES To Ly MPHocyTIC Lysiriova

Case 6, This patient was relerred {rom the Dermatology Service in 1
Biopsy of red, nodular skin lesions fed to the diagnosis of myeosis fungoides
(Fig. 15:94), regression following treatment with triethylene melamine.
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Iymph nodes () with coexsstent mixed Iymphocytc
and reticulum cell lymphoma in the wall of the
adjacent colon (B)

Within 2 month the enlargement of axiltary }ymph nodes mdicated syseemuc
spread, and aspiration of iliac bone marrow confirmed this However, both
bone marrow and lymph node bropsies were different from that of the skin,
the malignant process i each bewng purely 2 well-differenuated lymphocytte
growth (Fig 15 9B), Since then sptenomegaly has been the notable manmifesta-
tion of the lymph process, oc Ilv coupled with nodal enlarge-
ment and both ¢ lled by a of radiot} y or chemotherapy

as mdicated The pavient remains chinrcally well and works steadily as a
commercial photographer
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which contained a few residual elements including a Reed-Sternberg cell
(Fig. 15-7C) It is assumed that the cellular nests generally encountered in
this variety of lymphoma were depleted by the chemotherapeutic agent.

Fic 157 Case 1 Biopsy of follicular lymphoma
() controlled by wrradiation and chemotherapy for
5 years Autopsy disclosed a desmoplastic type of
Hodgkin's lymphoma, the tumor bemng composed
almost entrely of acellular collagenous tssue (B,
lower right), with scattered spaces containing a few

cellular el t d a Reed form

(©).

COEXISTENCE OF FoLIicurLAr AnD Mnep Lyairsocytic ANp RETICULUM
Cr1r Lyvriiovia

Case 5 This was the case of a rmddle-aged man, a segment of whose colon
was removed along with a group of enlarged mesocolic lymph nodes be-
cause of partial obstruction Sections of the latter showed the nodular type of
lymphoma (Fig 15-84), while the tumor 1n the m(eslx{ul wall was made up
of an admixture of lymphocytes and reticulum cells (Fig. 15-8B).
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Forricurar Laseiovia To HODGRIN'S GRANULOMA, TERMINATING AS Acute
GRANULOCYTIC LEURFMIA

Case 8. This 1s one of our rare links between lymphomatous and myelo-
proliferative disorders. The patent, a 7G-year-old woman, noted a jump in
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+ Fic 1510 Case 7 A rapilly growing retropenitoneal
lymphangiosarcoma  (A) regressed following radio-
therapy, but was followed by follicular lymphoma
18 months Jater (B) At the ume of the latter biopsy
the nodular pattern was fading and the growth was
assuming a reticulum cell form

her neck in June, 1851, 1t regressed spontaneously and recurred three
months later, the regrowth being rapid and mulunodular. The biopsy
viewed at low magnification was folliculoid (Fig 15-114), but the cellular
components were typtcal of Hodghin’s granuloma, complete with Reed-
Sternberg forms and eostnophils as part of the multiplicty of cell types
(Fig 15-11B) The mtial growth was checked by radiotherapy, but within
the year generalzed dissemination required the use of alkylating agents.
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Ly MPHANGIOSARCOMA FOLLOWED By FOLLICULAR Ly MPHOMA MERGING WITH
RETICULUM CELL SARCOMA

Case 7. A rapidly growing lower abdominal tumor was investigated by
laparotomy and found to be retroperitoneal in location, biopsy identifying

3‘.‘5 ]

Fic 158, Case 6 Skin biopsy of mycosis fungoides
(d), follofed a few months afcer treacment by well-
differentiated lymphocytic lymphoma (B) 1n lymph
nodes and bone marrow

it as a lymphangtosarcoma (Fig 15-104) Complete regression followed
radiotherapy Eighteen months later the patient’s cervical lymph nodes en-
larged, one of these was removed and found to be the seat of follicular
lymphoma (Fig 15-10B) The pseudofollicles were already in the stage of
coalescence, the growth assuming a reticulum cell sarcomatous pattern
(This case was supphied by courtesy of Dr David Rosenbaum, Veterans
Adminstration Hosputal, Indianapolis, Indiana )
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Nonetheless, she remained active and comfortable for another year, taward
the end of which the blood studies during her periodic chech-ups showed a
steady increase in cisculating myeloblasts. In September, 1933, she developed
herpes zaster, requring readmission 1o the hospital, and close observation
of the blood picture tisclosed progressive anemia and thrombocytopenia
with increasing mycloblasts. Sections of aspirated bone martow umits re-
vealed \irtually complete displacement of narmal hematopoietic tissne by
al gencous sheet of myelablasts (Fig 13-11C). A remission lasting two
months was obtained by combined anti Lol and  cortics id
therapy, but the patient died in November, 1953, The autopsy findings
were purely those of acute granufocytic Jeukemia, no vestige of the original
fymphoma being present.

SUMMARY

Through the study of many such cases, it becomes apparent that the
distinctive cytologic patterns in the lymphoma-leulemia complex do not
denote separate neoplastic entities. They appear to be varied expressions of
a single mabignant process stemming from cellular derivatises of the embry-
onal mesenchyme. Thus, the neoplastic proliferation may Temain pure as
1o cell type from the outset, may become composite, or may alter complerely
during the course of the disease.
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Fio 1511 Case 8 \ ccrvical lymph node biopsy viewed at low mag
mification showed sestiges of follicular lymphoma (4) Closer mspection
(B) disclosed a multplictty of cell types, ncluding costnophuls and
Reed-Sternberg cells typical of Hodghin's granuloma After therapeutic
control of the tumor for twa years, the patent developed acute granulo
cytic leukemia, aspirated {ragments of bone marrow showing complete
replacement of hematopoietic tissue by diffuse growth of mycloblasts (C)
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Nonetheless, she remained active and comfortable for another year, toward
the end of which the blood studies during her periodic chech-ups showed a
steady increase in circulating myeloblasts In September, 1953, she developed
herpes zoster, requiring readmission to the hospital, and close observation
of the blood picture disclosed progressive anemia and thrombocytopenia
with mereasing mycloblasts Sections of aspirated bone marrow umts re-
vealed virtually complete displacement of normal hematopoietic tissue by
at sheet of myeloblasts (i 15-11C). A remission lasting two
months was obtained by combined antimetabolite and corticosteroid
therapy, but the patient died in November, 1953, The awtopsy findings
were purely those of acute granulocytic lenkemia, no vestige of the original
lymphoma being present.

SUMMARY

Through the study of many such cases, 1t becomes apparent that the
distinctive cytologic patterns in the lymphomaleukemia complex do not
denote separate neoplastic entities, They appear to be varied expressions of
a single malignant process stemming from cellular derivatives of the embny-
onal mesenchyme, Thus, the neoplastic proliferation may remamn pure as
to cell type from the outset, may become composite, or may alter completely
during the course of the disease.
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CHAPTER 16

HISTOCHEMISTRY OF
LYMPHOCYTIC TISSUE IN THE
MALIGNANT LYMPHOMAS

HERBERT BRAUNSTEIN

This chapter concerns self with the histochemustry of enzymes in lym-
phoid ussue and mahignant lymphoma. Most of the material to be presented
was studied 1n our own laboratory m conjunction with Dr. David G. Frer-
man and Dr Edward A Gall

The development of histochemical techniques for the demonstration of
enzymes 1n situ has perrmtted the study of ussue sections to determine the
intracellular sites of acuvity Most methods for demonstrating enzymes
depend upon the use of aruficial substrates, with the mm being the forma-
tion of an msoluble precipitate in the exact area of activity For purposes
of this presentation, I have divided the enzymes we have studied histo-
chemically 1nto two groups, hydrolytic and metabolic

We have studied the first group more intenstvely smce these enzymes
may usually be demonstrated following the use of more conventonal
methods of tissue processing Tlus group, n general, tends to be confined
to specific cells rather than generally distributed However, little or no
knowledge, with rare exceptions, 1s available concerming their mtra-
cellular functions The second group, metabolic enzymes. tends to be more
widely distributed, especially those concerned with oxidatn e activity These
usually require the use of fresh, unfixed tissue for therr demonstration We
Lnow generally what their metabolic functions are

The present study will indicate the distribution of enzymes m malig-
nant lymphoma and will compare this with the activaty of the normal
lymphoid elements Two possible purposes may be served by thus survey
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(1) identification of speaific cells by their enzyme activity and (2) a study of
the possible differences in metabolism of neoplastic cells as contrasted with
their normal counterpasts, The currently popular concept of enzyme adapta-
ton and observations indicating an apparent tendency toward enzyme dele-
tion 1n mahgnant neoplasms are evidences of the potential importance of
the latter.

HYDROLYTIC ENZYMES IN NORMAL LYMPHOID CELLS

Table 16-1 summarizes the hydrolytic eryme activity of the normal lym-
phoid cells. As pathologists our belief is that lymphoid elements represent
distinct morphologic units and that differences in morphology will probably
be accompaniced by functional differences *

Lymphacytes. The lymphocste, the predominant nodal cell, mamfests
only probable acid phosphatase activity but no esterase, alkaline phosphatase,
5 nucleotrdase, phosphamidase® or leucine aminopeptidase. We have not
studied Sglucuronidase in humans. Studies of blood smears and lymph node
imprints have confirmed the presence of slight acid phosphatase activity in
50 to 90 per cent of normal lymphocytes.

Histiocytes.  Histiocytes 1n all locations in the lymph node mamifest
strong esterase, acid pl h , and pl se activity.? Shight leucine
aminopeptidase activity is also present,” while studies by others have re-
vealed gglucuromdase as well » Blood monocytes, Iike histiocytes, contain
constderable acid phosphatase and esterase, but we have not studied enzymes
other than these and alkaline phosphatase. Germmal center cells reveal
moderate S-nucleotidase actnvity? but are otherwise unreactive, while capil-
lary endothehum is strongly positive for alkaline phosphatase only.

Lymph Node Follicles When the normal Iymph node follicle was
stained to demonstrate nonspecific esterase, the isolated histiocytes were posi-
tive (black) while germnal center cells were negatne. Study of the same
follicle 1 2 preparation ing acid phospt activity revealed
that activity restricted to histiocytes as mawmfested by llack preciprtate.
When stained to demonstrate 5-nucleotidase, the cells of the germinal centers
were positive (black), while the areas withm them, where histiocytes are
located, were devond of activity

Other Lymphoid Elements. When a lymph node showning the typical
pattern of sinus hyperplasia was stained to demonstrate esterase, the histio-
cytes iming the peripheral lymph sinus stained strongly In a similar section
statned to demonstrate acid phosphatase,” the sinus histiocytes contained con-
siderable bright-red precapitate Leucine aminopeptidase activity 1 histio-
cytes was shown by the red precipitate 1n smus ning cells In sections of
spleen stained to show acid phosphatase, the red pulp manifested intense
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ted precipitate in the sinns histiocytes, winle the follicles were pale due to
the lesser activity uf the lymphocytes. In imprints of a lymph node stained
to demonstrate acid phosphatase, the large cells with the intense staiming
reaction were histiocytes white the lymphocytes contained only mmnute,
scattered granules With previously utilized techniques, it was nat possible
to demonstraie acid phosphatase m tymphocy tes. In normal blood smears
stamed to demonstrate esterase, the monocyte was strongly posithve in con-
trast wath the lack of staining in neutrophils Sinnlar smears demansteated
strong acid phosphatase activity in the blood monocyte.

HYDROLYTIC ENZYMES IN LYMPHOID DISEASES

Table 162 iHlusirates the distribution of the same enzymes in lymphoid
diseases. Note that the epithelioid cells of granulomas manifest similar ac-
ety to hustiocytes® but with mcreased leucine aminopeptidase activity.
Pro} mg fibroblasts in areas of inf ion and in Hodghin's disease
are strongly positne for acid and alkaline phosphatases and feucine amino-
peptidase. The cells of histiocytic lymphoma and monocytic Jenhemia are
gualitatively 1dentical wath thewr normal counterpans? ¥ Indeed, stem cell
1ymip} may be disti hed from the hustiocytic type on the basis of its
fack of enzyme activity Sternbesg cells and rumor histiocytes of Hodghin's
disease also mamfests similar activiyy to that of nonmal hustibcytes® ® One
cbsertation of possible ssgmificance 1s that while acid phosphatase and leucine
amsnopepudase actwvities are hugh in these neoptasuic Istiocyes, many celfs
seem ta mamsfest diminushed esterase acueity in conrase to powmal histio-
cytes Lymphocyne iymphoma cells are inactive with the probable exception
of acsd phosphatase In the blood, leuhemic Bymphocytes manefest acid
phosphatare actvity vartually unwvessally In one case of follicular fym-
phoma, actiaty of hymphocytes resembled that seen m the diffuse {orm.

When a type of jymphoma demonstraung the pattern of toal replacement
by prohferating histiacytes characteristic of histiocytc lymphoma was stained
to demonstrate esterase, most of the cells were stained Many appeared 10
mamfest lesser degrees of acuvity than normal. This 15 sigmificant 1 view
of the reparted dimmnuuon or absence of this enzyme and other catabolic
enzymes said o be chawacteristic of malignant tumors 1 gemerald The
acid phosphatase siam in histiocyne lymphoma showed enormous activity,
s0 strong thar wndsvidual cells could nos be distnguished The activaty
did not appear to be diminished In a blood smear from a case of monocytic
leuk lew monocytes d esterase acuwvity. Im a simular
snstance the monocytes showed strong acid phosph activity N phil:
n the smear Iikewsse contained much aad phoﬁpha(;sq Stndy of sectioned
lymph node matenial showing typrcal Hodglan's lyruphoma vevealed ssterase
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activity in tumor histiocytes and Sternberg cells Again, actwvity, although
definitely present, frequently appeared to be diminished as compared with
normal, The sime case demonstrated acid phosphatase 1n Sternberg cells
and histiocytes Leucine aminopeptidase was similarly shown n the same
instance,

Examination of the typical pioliferation of apparently mature Iympho-
cytes in lymphocytic lymphoma in sections stained for esterase manifested
the crowding out of the positively stained histiocytes by the proliferating
lymphocytes. Howeser, in several other instances, especially those from
chronic lymphocytic leukerma, the lymph node architecture remained almost
intact. Acid phosphatase activity (ref 1 by nunute, red cytoplasmic
granules) was typically seen in the Iymphocytes of blood smears of chronic
lymphocytic leukemia Sections illustrative of the typical nodular morphol-
ogy seen in follicular lymphoma were stained to demonstrate esterase
Histiocytes were crowded out by the lymphocytes in the follicles but were
apparent in the compressed adjacent nodal tissue,

METABOLIC ENZYMES IN LYMPHOID ELEMENTS

Only preliminary work has been begun on the group of enzymes depicted
1 Table 163, largely these concerned with intermediate metabolism. These
include succinic dehydrogenase,® monoamine oxidase,”® DPN and TPN dia-

® ad triphospt 1 glucose G-phospl ** and phos-
phorylase 1 1 Note zh;u lymphmd elements appear to be unreactne with
the last three. In general, lymphocytes seem to possess strong succinic de-
hydrogs and DPN diapt ! especially in the spleen, while TPN
diaphorase and monoamine osidase activities are weak. Activity of all four
enzymes 1s greater 1n histiocytes withun Iymph nodes but 1s probably less in
the spleen, More active cells, such as epitheliord cells, appear to have height.
ened activity of this group of enzymes. Thus far, in the only tnwo cases of
lymphoma studied, the enzymes appeared to be present in the cells in
normal or shightly subnormal concentrations No definitive statements are
as yet permussible on the basis of our data.

CONCLUSION

We have been able to identify lymphoid cells with reasonable certainty
using enzymatic techniques Perhaps a wider use of these methods will take
some of the confusion out of the nomenclature of malignant lymphomas
It 15 also hoped that we shall increase our knowledge concerning metabolic
derangements of the neoplastic cells m these gonditions,
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CHAPTER 17

HISTOPATHOLOGIC BASIS FOR
EVALUATION OF PROGNOSIS AND
RESPONSE TO THERAPY OF THE
LYMPHOCYTIC LYMPHOMAS

MATTHEW BLOCK

The microscopic criteria for the recognition of the various types of
lymphomas have been fairly well standardized for many years. More recently
our attention has been turned to correlation of histopathology with response
to therapy and prognosts of each of the diseases comprising the broad group
ol lymphomas It 15 the purpose ot this chapter to review this latter aspect
and add my own experience based on histopathology and clinical care of the
patrent

PRELIMINARY CONSIDERATIONS

Technique

The hustopathologic approach to malignant lymphomas is based upon an
analysis of architectural pattern and of cytology It 1s therefore logical that
a listologic technique be used which 1s adequate for both of these goals
Unfortunately, over the course of years, preparation of tissue sections has
been relegated to the techmcian Lumb? 1s the only author in recent years
who has been properly concerned with histopathologic technique Others
have fatled to consider the subject or did so only briefly The delicacy of the
hematopoietic tissues has been overlooked, and as a result specimens have
been handled without due regard for the specific techniques needed to dem-
onstrate adequately cytologic detail It 1s illogrcal that a microscopist, who
examines blood cells only after they have been stained by one of the
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Romanovsky mixtures, should be content to study the same cells 1 tissue
sections after Formahin fixation and hematoxylin and eosin staining.

The following steps should be carried out so that sections adequate for
cytologic analysis can be obtained* Tissue shonld be sheed into pieces 2 or
3 mm. in thickness and immediately immersed into fixative for no longer
than 2 or 3 hours. Refrigeration of the tissues overnight or even for a few
hours?? is not a substitute for immediate fixation Embeddimg must be done
carefully to avoid shrinkage. If nitroceliulose rather than paraffin is used,
less distortion occurs Contrary to Lumb. there is no need to cut sections
thinner than 6 yx. Fosin-azure or any other convenient Romanosshy stain
should be employed after a light prehminary stain with hematosylin. The
addition of silver impregnation for reticular fibers may be an aid in demon-
strating tissue architecture”

Autopsy material, unless obtained within mnutes after the patient's
death, will not yield good cytologic detail even though architectural features
are preserved. Concepts based upon the wmterpretation of fine morphologic
detail in tissues obtaned at autopsy should be viewed with caution

Many other techniques have been advocated to demonstrate adequately
cytologic detail. Some, such as peroxidase and oxidase stams, have fallen
into disrepute More recently smears made from aspirated tissues or from
the cut surface of biopsy specimens have been uulized This approach has
been predicated on the belief that cytologic detail has heen better delineated
tn smears than n sections.* * 3% % This contention 15 not 1alid prosided
that the scctions are preparced by an adequate techmique. On the other hand
the smear method has had the following obvious disadvantages.® 43 (1) 1t
fails 1o demonstrate architecture, (2) the numerical interrelationships of the
cells are disturbed 1n the process of making the smears, and (3) there is no
means of determining whether the area of a pleomorphic tissue which has
been smeared 1s representative In regard to the last objection, the smear
techmque has been particularly unrehable in evaluaung the relatne
amounts of fat, myeloid, and lymphatic tissue 1 the marrow * ** Based on
fuy own somewhat himited experience, as well as on a review of the literature,
I beliese there has been no new mformation of 1alue resulting from the
smear techmque

Some techniques are stll too new to evaluate The study of enzyme
Systems’® and phase and electson microscopy ment further consideration

Criteria of Respanse to Therapy
The major purpose of this mvestigation 1s to correlate Instopathology with
prognosis and response to therapy Accordingly, it 1s appropriate to define
precisely what 15 meant by a good and poor response to therapy At the out-
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set, it must be emphasized that as long as cells sensitive to radiation,
chemotherapeutic agents, or steroids are present in malignant tissues, treat-
ment with any of these agents will result in a shrinkage of palpable masses
and a fall in the patient’s white blood cell count without necessarily pro-
ducing a favorable clinical response.??* Consequently these indexes are not
valid criteria of a favorable response to therapy.

A more logical and meaningful concept is that amelioration or regression
of signs and symptoms which interfere with the patient’s normal way of hife
may be considered as evidence for a favorable clinical remission. These signs
and symptoms may be divided into systemic, hematopoietic, and local evi-
dences of activity of the disease and may be uulized as an indication for
treatment. Systemic symptoms are exemplified by chills, fever, malaise,
anorea, and weight loss. Hematoporetic abnormalities include lack of pro-
duction of cells and platelets at 2 normal rate or a decrease in survival of
these structures i the peripheral blood Local manifestations result when
a mass exerts pressure upon or interferes with the function of a tissue or
organ m which it 15 located, or exerts a sumilar effect upon adjacent
structures.

It 15 evident that if the foregoing criteria are accepted, many patients have
been subjected to treatment when they were in an asymptomatic state. What
has been considered a remusston, therefore, has often merely consisted of the
shrinkage of a node or group of nodes or of a fall in white blood cell count
occurring as a result of the particular treatment, without improvement int
the patient’s prognosis or condition

ANALYSIS OF PROGNOSIS AND RESPONSE TO THERAPY

Giant Follicular Lymphoma
NEwrR Cornaerrs OF CLASSIFICATION

Our concepts concerning this disease have altered considerably. At first,
giant follicular lymphoma was considered to be a benign hyperplasia, later,
1t was thought to be 2 somewhat bemign Iymphoma Gall was the first to
recogmize that not ail cases fulfilling the morphologic criterra for giant fot
licular lymphoma had the same prognosis or response to therapy * He recog:
nized four types based upon the relative number of small lymphocytes,
medium lymphocytes, and reticulum cells an the follicles and upon the
degree of preseriauon of the follicular architecture His Type L. character-
ized by nodules composed of small lymphocytes. tended to develop toward
Type IV, the follicles became less distinct and anastomosed with each other
Both changes coincrded with a progressive tendency toward a more unflavor-
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able clinical course and with a poorer response to therapy. These concepts
have been in general verified by Lumb Tilger,t Wright® and
Baggenstoss.®

Rappaport and colleagues®® in a more recent paper, advocated a slightly
different terpretation. He recognized the four general types described by
Gall and added a fifth, or Hodghin's type In addition, Rappaport believed
that the lymph nodes lost their follicular pattern and retained the character-
istic dominant cell type. Tor example, a Type 1 node, composed of small
lymphocytes, will lose its follicular pattern and evolve into lymphocytic
lymphosarcoma. Similarly, a Type IV node composed of reticular cells, if
1t loses its follicular pattern, takes on the characteristics of a reticulum celt
sarcoma. The latter has a poor response to therapy and thus a poor
prognosis.

Cyr1oLocic VARIETIES

My own esperience with giant follicular lymphoma has indicated that all
these varieties have occurred and that, further, the prognosis and response
to therapy have been related to the histopathology at the time of biopsy
Figure 17-14 and B, from a node biopsy in 1913, was an example of the most
bhenign type (Type [ of Gall and Rappaport) in which the follicles were com-
posed predomunantly of dense shects of small lympliocytes. The interfollic-
ular tissue also consisted of small lymphocytes in slightly reduced
concentration. The patient had been treated with nitrogen mustard (HN3)
in 1943 and 1944 in spite of a lack of activity of Ins discase. fn 1918 he re-
cewved x-ray therapy because of a swollen right leg.

The follicular pattern was more clearly demonstrable in 2 node obtained
by biopsy in 1950 than it was mn the specimen studied 1n 1943 (Fig. 17-1C
vs. 17-14). However, the lymphocytes were larger and more delicately stained
than those 1 the node removed earlier (Fig, 17-1B vs. 17-1D) Examination
of splenic tissue obtamned by needle biopsy within a day of last nede biopsy
revealed numerous large follicles sunilar to those in the node, In both, the
predommnant cell more clearly resembled a medium than a small lymphocyte.

This patient pursued a gainful occupation until 1950 From that time on,
he required increasingly frequent treatment unul 1955, Thereafter he was
unable to work unul his dca(h mn December, 1956, with generalized lymph-

denopathy and heg . In retrospect one wonders whether
his favorable course [rom 1943 to l‘lao resulted from the nitrogen mustard
he received 1n 1943 According to Coccht,!'” the longest remissions have
followed surgical extirpation of nodes Nevertheless, in his paper he referred
to pauients who survived equally long and had never been treated. Accord-
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ing to Diamond,?! the Jength of time the patient lived was not affected by
specific therapy, Case 1 was an example of the most benign type of giant
follicular lymphoma, The patient’s clinical course sllustrated that the best
respanse to therapy occured when wdwatwons for therapy were at best
minimal and that the response to therapy hecame poorer with a change in
cytology toward a more immature cell type, Contrary to Dilger's™ and
Lumb’s* concept, my data supported the view that a change to a more
malignant, treatment-resistant type of disease did indeed occur without loss
of follicular pattern,

Case 2 represents the other estreme in the variegated pattern that 1s char-
actenstic of the group of giant follicular lymphoma, The follicular pattern
was well delincated (Fig. 17-24). There was no evidence of diffuse sar-
comatous change or of loss of follicular pattern that has been alleged to
indicate a more malignant course 7 3% The follicles were ringed by small
Tymphocytes, but most of the inner core was composed of a pleomorphic
mixture of reticulum cells and large and mediumesized lymphocytes (Fig
17-2B) This patient did not respond to x-ray therapy or nitrogen mustard
and died within a few months of onset of his disease On the basis of this
case, it would appear, in accord with Rappaport and colleagues,*> that
cytologic composition was more important than the architectural pattern as
a guide to prognosis and response to therapy

Case 3 had a fulmnating course, characterized by failure of the disease
to respond to chemotherapy or to radiophosphorus, The patient’s major
clinical problems were hepatosplenomegaly, intractable asates, and pleural
cffusion. Figure 17-3:4 demonstrates m a liver biopsy the typical follicular
pattern, similar to that noted 1n the biopsy of lymph node and spleen The
domunant cell type (Fig. 17-3B) was larger and more delicate than m the
first biopsy of Case 1 (Fig 17-1B) and was smaller, more heanly stamned, and
with less conspicuous nucleolt than the large lymphocytes in Case 2 (Fig 17-
2B) Thus cell is classified as a medium lymphocyte (lymphoblast) In this
patient it was difficult to determine whether his malignant course and lack
of response to therapy depended upon the massive hepatic and splenic n-
voliement (local mamfestations of activity of hus disease) or upon the celt
type characteristic of hus lesion. Certainly a follicular pattern in Cases 2
and 3 was not correlated with the relatively favorable prognosis usually
associated with giant fallicular lymphoma

Fic 171 Case 1, guant follicular lymphom () Lymph node, 1913, poorly demarcated
follucles (/) separated by less lymphocyte rich interfollicalar tissue (X 80) (B) Smalt
Iymphocytes representing domimant cell type in follicles of A. (X 650) (€) Lymph node,
1950, foflicles (F) more clearly demonstrable 7 years after oniginal biopsy (X 80) (D)
Follucles of C composed primarily of mediwm sized lymphocytes (x 650)
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ing to Diamond2t the length of time the patient lived was not affected
specific therapy. Gase 1 was an example of the most benign type of gi
follicular lymphoma. The patient’s chinical course illustrated that the 1
response to therapy occured when indications for therapy were at 1
minimal and that the response to therapy became poorer with a change
cytology toward a more immature cell type. Contrary to Bilger's’ ¢
Tumb’s¥ concept, my data supported the view that a change to a m
malignant, treatment resistant type of disease did indeed occur withour
of follicular pattern.

Case 2 represemts the other extreme m the vaniegated pattern that is !
acteristic of the group of giant folhicular lymphoma The follicular patt
was well delimeated (Fig. 17-24) There was no evidence of iffuse
comatous change or of loss of follicular pattern that has been alleged
indicate a more malighant course %37 * The follicles were ninged by sn
lymphocytes, but most of the inner core was composed of a pleomorp
mizture of reticulum cells and large and medum-sized lymphocytes (t
17-2B). This patient did not respond to x-ray therapy or nitrogen must
and died within a few months of onset of his disease On the basis of 1
case, it would appear, m accord with Rappiport and colleagues, !> t
cytologic composition was more important than the architectural patterr
a guide to prognosis and response to therapy.

Case 3 had a fulminating course, characterized by failure of the dise
to tespond 1o chemotherapy or to radiophosphorus The patient's ma
clinical problems were hepatosplenomegaly, ntractable ascites, and pler
effusion Figure 17-34 demonstrates in a Iner biopsy the typical follicu
pattern, similar to that noted 1n the bopsy ot lymph node and spleen 71
dominant cell type (Fig 17-3B) was larger and more delicate than i
first biopsy of Case 1 (Fig. 17-1B) and was smaller, more heauly stained,
with less consprcuous nucleolr than the large lymphocytes m Case 2 (Fig.
2B) This cell 1s clasufied as a medium lymphocyte (Ismphoblast) In
patient it was difficult to determime whether lus mahgnant course and &
of response to therapy depended upon the massive hepatic and splente
‘olvement (local mamfestations of actnaty ol lns disease) or upon the «
type charactenistic of his lesion Gertainly a follicular pattern 1n Case
and 3 was not correlated with the relanvely favorable prognosis usw
associated with giant follicular lymphoma

Tic 17-1 Case 1, giant follicular hmphoma (.f) Lymph node, 1913, poorly demarca
follicles (F) separated by less lvmphocste rich interfollicular tssue (X 80) (B) Sn
Iymphocytes represencing domtnant cell type m follicles of 4 (X 650) (C) Lymph nc
1950, follicles (F) more clearly demonstrable 7 years after onginal biopsy (x 80)
Follicles of C composed primarily of medmm sized lymphocytes {x G50)



Fic 172 Case 2, giant follicular lymphoma (4) Lymph
node, well-demarcated follicles (x 80) (%) Center of follicle
of 4, composed of large (L) and medium sized lymphocytes
(1) and reuculum cells (R) (X 630)
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Crancts 158 HisiorATHOLOGY

Case 4, similar to Case 1, 1llustrated another pomt, namely, the need for
repeated biopsies if the physician is to heep pace with changes in the biology
of the patient’s disease. The patient was asymptomatic when seen originally
in May, 1957, for a routine chech-up, at that time the spleen extended to
the wmbilicus. There was no lymphadenopathy and peripheral blood counts
were normal, Figure 17-44, from a marrow biopsy, shows a large nodule

Fic 173 Case 3, giant follicular lymphoma (d) Liver, follicles separated by
hepatic ussue (HT) (x 80) (B) Follicle of 4 I primarily of med d

Iymphocytes (x 650)

resembling that seen in the node of Case 2 (Fig. 17-2). The rest of the speci-
men conststed of hyperplastic myeloid tissue As in Case 2, there was a
peripheral ring of small lymphocytes and a pleomorpliuc central core like a
normal follicle mn the cortex of a lymph node (Fig. 17-4B). The center of
the follicle also contained nuclear debms, a rather unusual finding in giant
follicular lymphoma but one which Wright does not consider a contraindica-
t1on to this diagnos:s

The patient was not treated In February, 1959, he developed fever,
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Fic 174 Case 4, guant foli
cular lymphoma (d) Bone mar
row, 1957, juncuon of large
follicde and myelond tissue (MT)
(x 80) (B) Edge of follide of A,
composed of small (3), medimm
sized (M), and large lymphocytes
(L) with promment reticufum
cells (R) and nuclcar debris (D)
(% 630)
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Fic 174 (Contd) (C) Bone
marrow, 1939, large islands of
anaplastic lymphaue tissue sep
arated by smaller areas of mod-
erately hyperplastic mycoid tis-
sue  (MT), artfact due to
admixture of blood and marrow
{4) (x 80) (D) Lymphatic uissue
of Fig 17-3C, composed primarily
of medinmsized  lymphocytes
(X 650)
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malaise, anoresia, lymphadenopathy, anemia, and a white blood cell count
of 30,000 with n differcntial count showing primarily mediumssired lympho.
cytes. A biopsy at tlus time (Fig. 17-4C, D) demonstrated that about three
quarters of the marrow was composed of sheets of monomorphous medim-
sized Iymphocytes identical to those seen in the peripheral blood of acute
lymphatic leukemia. The patient failed to respond to prednisone therapy
and died in June, 1959

EvatvanioN or Hisrorarior oy

From a synthesis of my own experience and that in the literature, it would
seem that when the dominant cell type was a small lymphocyte and the
follicular pattern well presenved, prognosis has heen most favorable and
therapy was probably not indicated.

As the dominant cell type shifted to a medium-sized lymphocyte or
reticulimn cell, both prognosis and response to therapy hecame poorer, In-
volvement of the marrow and a consequent change to subacute or acute
leukema indicated a poor response to therapy and a poor prognosis Anday
and Schmzts! have recorded the only case in which a transition to leukemia
reversed spontancously or following therapy. Since a change to a more
malignant pattern may occur at any time, serial biopsies afford the most
satsfactory means of assessing the patient’s status

Chranic Lymphatic Leuhemia

Crassic Conerrer

Accordmg to dassic description, chronic lymphatic leukemia is a discase
charactenized by hepatosplenomegaly, Iymphadenopathy, anemra, thrombo-
cytopenia, and marked leukocytosis due to an absolute rise mn the lympho-
cyte count In this type of case, Minot and Isaacs*® reported an average
survival of three to five years both in patients recerving radiation therapy as
well as 1n those not given specific therapy Much more recently, Tivey”
has reported a somewhat shorter average survival, adding that longevity mn
chronic myelogenous leukemma and chromc lymphatic leuhemra 1s compa-
rable This comparatively poor prognosis i chronic lymphatic leukemia
noted by Tivey has not been consistent with my observauons By includmg
all patients with chrontc lymphatic leukerma in a single category, this author
has not made due allowance for the prognoss for the individual patient as
determined by the biology of Azs disease It 1s hutle wonder that Osgood,*® #
whose patients formed the basis for Tivey’s study, recommended the same
type of therapy for all patients regardiess of the type of chromic lymphatic
leukemia manifested
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CtAsSIFICATION OF RESPOSSE AnD ProGaosts v TFRMS OF SFVERITY OF
DISEASE

We are now in a position to recogmze an early, asymptomatic stage in
chronic lymphatic leukemia® 4. 57 primarily as a result of the fact that blood
counts are now obtained on all hospitahized patients and biopsy of the
bone marrow is usually performed whenever an absolute lymphocytosts is
noted. The diagnosis of chronic lymphatic leukemia under such crcum-
stances was usually fortuitous Pisciotta and Hirschboek,' for example,
noted that 38 per cent of all the panients with chronic lymphatic leukemia
in his series were diagnosed while under inestigation for another problem.

Patients with early benign chronic lymphatic leukemia have minimal
Jymphadenopathy or hepatospl ly. There 1s no anemia, only slight
thrombopenia, and moderate leukocytosts. They forn a group in which any
type of cytocidal treatment will give an excellent response as evidenced by
a fall in white bload cell count and shrinkage of masses; in retrospect one
may ask whether treatment was indicated or was of any real benefit 2

The histopathologic hallmark of the benign type of chronic lymphatic
leukemia was a marrow which contained occasional islands of lymphatic
ussue, composed of normal, small, heavily stained lymphocytes with a poorly
demonstrable reticular cell background. Mitoses were not seen, there was no
follicular pattern mamfested by the lymphatic tissue, and a sharp border
between the lymphauc and myelaid tissue was recognizable. The latter was
normal in amount and distribution of cells and hineages and had a normal
amount of tissue iron,

This benign type of chronic lymphanic leukemia 1s illustrated by Case 5
The patient was a 70-year-old nurse who was known to have had normal
white blood cell counts 1n 1949 and 1951, in each mstance the count was
obtamed following an injury. In 1953, at a routine examination, a white
blood cell count of 14,000 with 80 per cent small lymphocytes and 2 normal
hemoglobin was discovered Marrow biopsy revealed a normal amount of
myeloid ussue (Fig 17-54) with an occasional small island of dense lym-
phatic tissue, each of which was composed of a sheet of small lymphocytes
—hardly more than 1s seen normally 1 many elderly patients !4

By March, 1959, her white blood cell count without treatment had risen
to between 25,000 and 35,000 with 80 per cent small lymphocytes She re-
mained asymptomatic with normal hemoglobin and platelets The only ab-
normality on physical examtnation was 2 1 cm node 11 her left asilla.
Figure 17-58, taken from a section of bone marrow obtained in March,

1959, demonstrates a large island of lymphatic tissue and normal myeloid
ussue The lymphatc tissue was composed predominantly of dense sheets
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Fic 175 Case 35, chrome
Iymphate lcukemia  (f) Bone
marrow, 193%, area of normal
myelord ussue (X 100) (&) Bone
marrow, 1939, large slind of
hymphatc tissue (LT) sharply
demarcated from normal mye-
lod tssue (MT) (x 80)

of small lymphocytes There was lymphatic metaplasia of the area between
the nearest fat spaces (Fig 17-5D) adjoining the lymphatic nodule However,
there still was adequate myeloid tissue (Fig 17-5C). Had tlns patent been
treated mn 1953, the G-year “remission,” which would have been assumed,
would have been considered a therapeutic triumph

Case 6 represents a common situation, that of a patient with farly ad-
vanced chronic lymphatic leukerma At the age of 73 1n 1950, the patient
noted lymphadenopathy and mild purpura In 1952 physical examination
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Fic 175 (Contd) (€) Resd b
val normal myeloid ussue of B . - ,x"
(x 650) (D) Lymphocync meta- wT {
plasia of ussue between fat cells
separating  lymphauc  nodule “é’ 5D}
from myelosd tissue of B, (x 650) : . . ey i
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revealed mud (1 em.) generalized lymphadenopathy but no splenomegaly.
The red b]oml cell count was 4.3 million, reticulocytes were 2 per cent, and
at least 90 per cent of the 101,000 white cells were small lymphocytes, In
June, 1933, she inadvertently recenved one dose of 3 me. of radiophosphorus,
lowering her white blood cell count from 112,000 to 60,000 without any
other change in her chnical staws, She continued asymptomatic until June,
1956, when she had an episode of cellulitis involving her lelt foot. Her
hemoglobin was 13.7 and the white blood cell count 214,000, From August,
1956, to date, she has received Gantrisin for chronic cystitis. In May, 1958,
she had cartous teeth removed without incident. She developed an asympto-
matic anemia with a hematocrit of 31 per cent for the first time in Qctober,
1038, when she was admitted with phlebitis. Her white blood cell count was
237,000, and there was a slight thrombopenia. The spleen was enlarged 4
em below the costal margin and the Iiver 2 em. below the costal margin.

Figure 17-6 is from a marrow biopsy abtained in October, 1958, showing
the dense, diffuse, small lymphocytic metaplasia characteristic of most of
the tissue m the biopsy. There were isolated myeloid cells (Fig 17-6C),
obrviously enough to produce almost a normal number of red cells, granulo-
cytes, and platelets,

Case 7 15 an example of a more fulmnating course. The patient was 58
years of age n January, 1957, when he noted weight loss and gencralized
lymphadenopathy From February, 1957, to August, 1958, he was treated
wntermuttently with local s-ray therapy, transfusions, and chlorambucil, but
at no ume did he ever mnprorve enough to resume a gainful occupation, even
though his total white blood cell count was kept near normal

When first seen tmn August, 1958, the patient was pale, emaaated, febrile,
and dyspneic He had generalized lymphadenopathy, slight hepatospleno-
megaly, a hemoglobin ot 6 2 gm , and a white blood cell count of 6,600 with
100 per cent small lymphocytes He was treated only by transfusions unul
December, 1958, when tus white blood cell count rose to 115,000 His con-
dition was unaltered m other respects

Figure 17-7 15 from a surgical biopsy of the sternum resorted to after an
adequate specimnen was not obtamned by three needle biopsies As in Case
6, (F1g 17-64), there was an apparent replacement of the myelord marrow by
dense sheets of small lhmphocytes However, uniike Case 6, igher power
magntfication (Figs 17-68B and C »s 17-7B) failed to reveal any myelmd
cells, suggesting a much poorer prognosis Severe hemosiderosis, n part due
to prior transfustons, was naoted The patient fatled to respond to prednisone,
nitrogen mustard, and local x-ray therapy and died 1 Aprid, 1959. Durmg
the last few months of s life, he had a positne direct Coombs test and




Fic 176 Gase 6, chronc
lymphatic leukemia (4) Bone
marrow, with apparent complete
replacement of myelod by
lymphatic ussue (x 80) (B) Same
biopsy as A, dense lymphatic
ussue without myeloid cells (x
650) (C) Another area in same
biopsy as 4, megakaryocytes (K)

and 1solated myelocytes (G). be- -

tween small lymphocytes (x 650)
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Fic 177 Case 7, chromc
lymphatic leukemma (d) Mvelord
tissue completely replaced by
dense lymphatic ussue (X 80)
(B) Small lymphocytes with occa
stonal reuculum cells (R) but no
myelond tissue (Higher power of
4, x 650)
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needed two transfusions a week to maintain his hemoglobin between 6 and
10 gm.

HIYPERHEMOLYTIC S1NDROME

Since the int tion of sui techniques for determination of red cell
survival, a group of severely anemic patients with hyperhemolysis, repre-
senting 10 per cent of all cases of chronic lymphatic leukemia, has been
recognized 25 44 57 Frequently the anemia is aggravated and the red cell sur-
vival shortened by cytocidal therapy?* These patients may respond to
steroids; my own results have been unpredictable In general, patients with
a positive Coombs test have responded better than those with a negatne
Coombs test,

Figure 17-8 15 taken from Case 8, a patient with chronic lymphatic leu-
Lemia with an extremely severe anemia and a very large spleen; both of the
latter were out of proportion to what would usually be expected n a patient
with chronic lymphauc leukemia whose white blood cell count was only
30,000. The anemia was demonstrated to be hemolytic in type. Transfused
genetically compatible red cells were completely destroyed n two hours.

The patient’s brother also had chronic lymphatic leukemia with a white
blood cell count of 30,000 and a hemoglobin of 16 gm He was asymptomatic
and did not have lymphadenopathy or hepatospl galy His marrow re-
sembled that of Case 5 (Fig 17-5B, C, and D)

The patient’s marrow (Fig 17-84 and B) had only a few islands of lym-
phatic tissue and was similar 1n this respect to her brother’s as well as to that
seen 1 Case 5 Such a finding would ordinanly signify a relatively bemgn
disease. However, the remaining myeloid marrow had marked panhyper-
plasia of the three major marrow lineages and of plasma cells (Fig. 17-84 and
C) Upon further imvestigation a macroglobulin was demonstrated The pa-
tent did not develop a remission following -ray therapy to the spleen,
although her spleen (Fig. 17-8D), which had a fairly normal architecture, was
reduced in size and her white blood cell count fell to normal After treat-
ment with prednisone, the concentration of the macroglobulin decreased,
the spleen became still smaller, the wiite blood cell count remained normal,
and the pauent was able to resume her duties as a housewife. The survival
ume of transfused compatible cells rase to fourteen days

EvALUATION OF THE RoOLE PrAYED BY THE MaRROW

These cases 1llustrated the need to evaluate two nterrelated factors in
chromic lymphatic leuhemia, namely, the amounts of lymphatic and of
myelowd tissue The mildest cases, i e., those not needing treatment, were
characterized by a fairly normal amount of myeloid marrow There were
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occasional small islands of lymphatic tissue composed of dense sheets of
small lymphocytes without any follicular pattern Mitoses were usually not
demonstrable, The lymphatic tissue infiltrated only between the neighbor-
ing row or tno of fat cells and not mto the myelowd tissue, Ov er the course
of years, these 1slands of lymphatic ussue have slowly increased in number,
There was adequate space for expansion of the lymphatic tissue into fat

Fic 178 (Contd) (D) Spleen, normal archutecture with clearly demon-
strable white pulp (JVP) and cords and sinuses m the red pulp (RF) (X 80)

without infringing on normal myeloid tissue which usually occupies only
20 to 30 per cent of the sternal marrow volume 1 the age group mn which
chronic lymphatic leukemia occurs

There were patients with disease of intermediate severtty between the
mildest form (Case 5) and the most advanced and progressive type (Case 7)
The transition from a less to 2 more severe form was marked by a gradual
wcrease i lymphatic ussue which evenrually, after replacing most of the
fat, replaced the myeloid ussue

Although every patient whose marrow had had a histopathology stmlar to
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that 1n Case 5 (Fig. 17-5) has had a benign course, the reverse was not neces-
sarily true. There was really very little difference between the marrows of
Cases 6 (Fig. 17-6) and 7 (Fig. 17-7), even though in the former the marrow
was able to produce a fairly normal number of peripheral blood cells In
contrast, the marrow in Case 7 was severely deficient, at least in erythro-
poictic capacity. Since there was only a moderate decrease in red cell sur-
vival, excess hemolysis was not the major factor in the severe anemia in this
patent, Patients with apparently marked replacement of myeloid tssue may
still have functionally adequate marrows (Fig. 17-6). Further, an extreme
degree of replacement of mycloid by lymphatic tissue has been found at
autopsy in patients who have had chronic lymphatic leukemia and have
died of an unrelated cause at a time when their hemoglobin level was fairly
normal.

An example of the putfalls encountered when one attempts to predict the
ability of a patient to form red cells on the basis of histopathologic examina-
tion of the marrow was illustrated by the case of an elderly woman present-
ing with symptoms of severe plethora® She had a hemoglobin level of 28
gm and a corresponding clevation of red cell volume, Biopsies of her mar-
row, liver, and spleen failed to demonstrate that these tissues differed from
those of any patient with moderately advanced chronic lymphatic leukemia,
such as Case 6, except for absence of tissue 1ron The latter, of course, repre-
sented a diversion of iron from tissue stores into the expanded hemoglobin
mass incident to the polycythemia 62

EvaLvation ofF HitoratiioLocy or Tissvrs OTieER THAN MArRrOwW

Only sporadic attempts have been made to take biopsies of other
organs 1% 13 Lymph node tissue has not provided a useful index of prog-
nosis or therapeutic response. Liver biopsies have not been a reliable index
to therapeutic response either because of the limitations in size of the biopsy
or because the liver 1s an unsansfactory area for study Simularly, spleen
biopsies have not proved especially useful. If the spleen, hiver, or nodes were
filled with small lymphocytes and were not too fibrous, any type of cytocidal
therapy would reduce therr size and concomutantly lower the white blood
cell count without necessarily mducing a remussion n the sense defined m
thus chapter ** In general, but not unnersally, in the cases i which treat-
ment had been effective, there has been a lesser degree of lymphocytic
proliferation and of architectural distortion i the liver and spleen (Fig.
17-8D) than in those 1n which treatment had been meffective

EFFecT OF TREATMENT ON rHE NATURAL HISTORY

It is apparent from a review of the response to therapy of patients with
chronic lymphatic leukemra that patients who have experienced the most
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Fic 179 Case 9, chrome Jymphate leukemia () Bone marraw, severe
fat atrophy secondary to orertreatment (x 80) (B) Higher power of A
Residual 1stand of small lymphacytes (5) and a few myelocytes (G) and
erythroblasts (E) (X 630)

extent of marrow replacement progressed to the degree seen in Case 7,
therapy, with the possible exception of steroids, was usually of no avail,
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that in Case § (Fig. 17-5) has had a benign course, the reverse was not neces-
sarily true. There was really very little difference between the marrows of
Cases 6 (Fig. 17-6) and 7 (Fig. 17-7), even though in the former the marrow
was able to produce a fairly normal number of peripheral blood cells In
contrast, the marrow in Case 7 was severely deficient, at least in erythro-
poietic capacity, Since there was only a moderate decrease in red cell sur-
vival, excess hemolysis was not the major factor in the severe anemia in this
patient. Patients with apparently marked replacement of myeloid tissue may
still have functionally adequate marrows (Fig. 17-6) Further, an extreme
degree of replacement of myclowd by lymphatic tissue has been found at
autopsy in patients who have had chronic lymphatic leukemia and have
died of an unrelated cause at a time when their hemoglobin level was fairly
normal,#®

An example of the pitfalls encountered when one attempts to predict the
ability of a patient to form red cells on the basis of histopathologic examina-
tion of the marrow was illustrated by the case of an elderly woman present-
ing with symptoms of severe plethora.® She had a hemoglobin level of 28
gm. and a corresponding elevation of red cell volume. Biopsies of her mar-
row, liver, and spleen failed to demonstrate that these tissues differed from
those of any patient with moderately advanced chronic lymphatic leukemia,
such as Case 6, except for absence of tissue iron. The latter, of course, repre-
sented a diversion of iron from tissue stores mnto the expanded hemoglobin
mass mcident to the polycythenma.®?

EvaruaTioN oF HISTOPATHOLOGY OF Tissurs OTHER THAN MARROW

Only sporadic atterpts have been made to take biopstes of other
organs® 1% 13 Lymph node tissue lias not provided a useful index of prog-
nosis or therapeutic response Liver biopsies have not been a reliable mdex
to therapeutic response either because of the imitations in size of the biopsy
or because the liver 1s an unsatisfactory area for study Similarly, spleen
biopsies have not proved especially useful If the spleen, liver, or nodes were
filled with small lymphocytes and were not too fibrous, any type of cytocdal
therapy would reduce their si7e and concomitantly lower the white blood
cell count without necessanily inducing a remission 1 the sense defined m
thus chapter ** In general, but not umversally, in the cases m which treat-
ment had been effective, there has been a lesser degree of lymphocytic
proliferation and of architectural distortion 1n the liver and spleen (Fig
17-8D) than 1n those in which treatment had been meffective

ErFrCT OF TREATMENT Oon THE NATURAL HisTORY

It is apparent from a review of the response to therapy of patients with
chronic lymphatic leukemia that patents who have experienced the most
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formly refractory to treatment, the patient dying of pancytopenia and not
leukemia

Acute Lymphatic Leukemia

By the time a patient with this disease is first seen, the marrow has already
been replaced by anaplastic lymphatic tissue (Fig. 17-10), and there was
usually a minor degree of palpable enlargement of lympl nodes, liver, and
spleen. In some instances the dominant cell 1s so immature as to make impos-
stble differentiation from acute stem cell or myclogenous leukemia. At this
point diagnosis rests upon the someu hat 1llogical approach of “the company
they keep ™

Case 10 was an 18-year-old man who presented with lever, malaisc, neak-
ness, and a hemorrhagic diathesis. He faded to respond to steroid therapy,
Aminopterin, or G-mercaptopurine and lived about 6 months follosing
diagnosis The normal myelowd tissue was alinost completely replaced by a
monomorphous sheet of medium-sized lymphocytes (Fig 17-10) These cells
were 5o numerous as to obscure all other cell types

Although it was impossible to determine on the basts of the hustopathology
whether the patient was an adult or a child, the remission rate after steroids
1s much higher in children than mn adults, nor may one predict from the
histopathalogic findings which patient will obtain a remission from folic
acid antagonists, steroids, or G-mercaptopurie

Lymphosarcoma

DeFniTION

Under this heading (f1gs 17-11, 17-12) were mcluded all lymphomas in
which the predominant cell type was a lymphocyte and m winch the number
of lymphocytes was sufficient to obscure the archrtecture of the wnolved
organ. When there was invasion through the capsule or metaplasia of sur-
rounding extracapsular tissue, the extracapsular malignant tissue had the
same cytology and architecture as that within the lymph node. Marrow in-
volvement was absent or minimal, and there was no imvasion of the periph-
eral blood 1n early stages of the disease

CyroL061C PATTERN

Case 11 was a 52-year old electrician who first noted generalized lymph-
adenopathy m 1931 In August, 1933, while asymptomatic, he was given
nitrogen mustard at another institution. When first seen by me i January,
1934, he had generalized lymphadenopathy, and the spleen and lier were
both enlarged 3 cm below the costal margin The peripheral blood was
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although the white blood cell count has invariably been made to fall. As
long as small lymphocytes were the predominant cell, any form of cytocidal
therapy given m adequate dose has successfully reduced the size of abnormal
masses and lowered the white cell count by destroying lymphatic tissue but
has not necessarily produced a remission in the sense herein defined.”t
Occasional cases under continuous therapy have had very prolonged and
henign courses.t* Sinnlar results have been noted in patients without treat.
ment.™ Often the first evidence of anemia in a previously henign type of
chronic lymphatie leukemia has followed radiation or chemotherapy.® It is
ohvious that we need more knowledge of the natural history of untreated
Iymphatic leuhenmia. It is equally obvious thae one cannot evaluate the effects
of treatment on patients with chronic lymphatic leuhemia without first de-

Lic 1710 Case 10, acute hympheuc leukemia Bone marron (umpmul
prmarnily of monamorphous medim sized Iymphocytes (X 630)

termining the extent of marrow mvohement i each patient Considering
all patients with chronic lymphatic leukema as a sing'e group will efface the
very real differences between individunal panents

OVFRIREATMENT

The subject of the response to therapy cannot be left without consiclera-
non ot the effects of overtreapment ' 7 Case 9, a i0-year-old woman, had
lymphatic leukemia which was discovered acadentally in 1957 when she con-
sulted her physician because of anemia due to bleedmg hemorrhowds She
was overtreated with x-ray therapy and radmphmphonls n an attempt to
burn out the disease, pancytopema, refractory to all treatment, resulted
The patient became a hopeless vald and required trom 5 to 10 transfu
stons a month for suppoit Figure 17-94 1s a biopsy of the pauent’s marrow
to show the serous fat atrophy and severe hemosiderosis which resulted from
overtreatment There was an almost complete absence of myeloid and lym-
ph:mc ussue A few sslands of erythroblasts and small lymphocytes were
demonstrable Scrous [at atrophy, such as that seen here. has often followed
overzealons reatment It signaled an extremely poor prognosis and was uni-



¥ic 1711 (Contd ) (D) Bone mar-
row, normal myelod nssue, no
evidence of lymphatic metaplasia,
January, 1951. (x 160) (E) Bone
marrow, lymphauc metaplasia (LT)
and hyperplasia of myelod tissue
due to hypersplenism,” July, 1957
(% 160)
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Fic 1711, Case 14, lymphosar-
coma (A4) Lymph node, typical re
placement of normal architecture
by sheets of small lymphocytes, Jan
uary, 1954 (x 80) (B) Higher power
of 4 Small lymphocytes, daminant
cell type (x 650) (C) Lymph node,
obtained st a2utopsy, domnant cell
ypes are medmsized (M) and
large lymphocyte (L), January, 1958
(x 650)




Fic 17-12 Cate 12, lymphosarcoma () Lymph node, replacement of architecture by
dense ymphatic tssue sumilar to Fig 17-114 (x 80) (B) Higher pouer of Fig 17 114,
Small lymphacyte 1s domunant cell type as in Fig 17108, (X 650) (G) Bone marrow,
marked replacement of myeloid tissue by small lymphocytes (X 630)
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normal. Figure 17-11 is from a biopsy of a lymph node taken in January,
1951, Tt illustrates the typical diffuse lymphatic tissue in which all architec-
tural pattern was obscured by small lymphocytes.

Because of subjective complaints of weakness and symptoms related 10
pressure of nodes, he was treated with P% intermittently through 1954 and
1955 but received no speasfic therapy thereafter until November, 1936;
during this period he worked as a uranium prospector. He did not miss any
mare time from work than the average man of similar age. The patient’s
clinical course was therefore typical of lymphocytic lymphesarcoma in that
most of these patients live from four to six years #*

Occasionally a pauent with lymphosarcoma characterized by small lym-
phocytes will exhibit an unusnally benign course. I am now following a 50-
year-old woman whose diagnosis was made by femoral node biopsy in 1953
and verificd by another lymph node biopsy m 1935 This patient has never
been treated and as of August, 1959, was carrying on an active Iife and work-
g as a waitress In March, 1959, she survived a radical mastectomy with
postoperatine preumona and atelectasis requinng emergency tracheostomy.
In another woman of snmlar age, diagnosis was first made in 1947 by node
bropsy at which ume she recened one course of \-ray therapy. She had a
splenectomy 1 1953 for hemolytic anemra and also had a nephrectomy for
a hypernephroma, discovered by chance at the same time. Without any
further therapy she Ined a normal lile until April, 1959, when the hemolytic
anema recurred In nether of these patients did the findings m the lymph
node biopsies explain why their disease has been so much more bengn than
the average case of lymphocytie lymphosarcoma

Much more rarely the dommant cell type in a patient with lymphosarcoma
was a medium sized or large lymphocyte Some of the latter cases hate been
diflicult to distinguish from retsculum cell sarcomas The response to therapy
and prognosis has been mcreasingly poor with increasing size and delicacy
of staimng of the lymphocytes 1n biopsy specimens For example, a remission
was rarely obtaned and the patient usually died within a year when the
lymphocytes were simular to those m Figures 17 38 and 17-1C

OTHER FACTORS

Although usually the type of lymphocyte that constitutes the dominant
cell was the most important factor i determining response to therapy and
prognosts, other factors occasionally became more important. Some of these
were the followmg (1) specilic sites of ivolvement by the lymphosarcoma,
(2) hyperspleme syndromes, (3) the changing natural history which was
usually a result of a change 1 ¢ytology, and (4) various mtercurrent affec-
pons such as coronary artery disease



Histopathology in Prognosis & Therapy of Lymphocytic Lymphomas 231

Hypersplenic Syndrome. The best prognosis was found when the mye-
loid tissue in the marrow was most nearly normal, neither replaced by
lymphoma or fat, nor hyperplastic because of a hypersplenic syndrome.
When hyperplasia of myeloid tissue was accompanied by other evidence of
autoimmune hemolytic disease (Fig. 17-11D vs, 17-11E), the response of the
hemolytic component at least to prednisone or splenectamy was gratifying
Radiation (either isotopic or ¥-ray) and chemotherapy were less effective in
this variation of lymphosarcoma.

Case 11, characterized by a fairly benign course from 1930 to 1957, there-
upon developed severe hemolytic anemia with a reuculocytosis, and an
elevated indirect serum bilirubin. His marrow showed an increase in lym-
phatic tissue and, in addition, a severe erythroblastic hyperplasia The
hemolytic syndrome responded very well to treatment with prednisone until
July, 1957, when the pauent again developed a reticulocytosis, mdirect
bilirubinemia, and anemia The marrow showed marked lymphatic meta-
plasia with hyperplasia of residual myeloid tissue (Fig 17-11E). Splenectomy
was performed on October 4, 1957, with alleviation of the hypersplenic
syndrome as mamfested by a marked decline in the number of transfusions
needed until the patient's death in January, 1938.

Change in Cytology. The hemolytic syndrome of Case 11 had responded
first to prednisone and thereafter to splenectomy. However, following
splenectomy, the biologic characteristics of his disease changed as manifested
by the onset of fever, anoresia, mncreasing hepatomegaly and Iymphade-
nopathy, and lack of response to therapy The nodes obtained at autopsy in
January, 1938, were characterized by the predominance of large and
medium-sized lymphocytes 1n marked contrast to the dense sheets of small
lymphocytes that had been the dominant cell type when he had responded
to wrradiation earlier 1 the natural history of his disease (Fig 17-11B vs.
17-116)

Intercurrent Disease. Case 11 had rather severe coronary arteriosclerosis.
He experienced incapacitaung angina at 2 level of 9 or 10 gm of hemo
globin, a degree of anerma to which most chronically ill patients are not
sensitve Consequently therapy, first prednisone and later splenectomy, was

Necessary 1n contrast to other patents with a similar disease and severity of
anemia

Monocytic Leukemia
This very vexing problem 15 an example of our subjective approach to
cytologic diagnosis The incrdence of this disease approximates 30 per cent
of all acute leukemtas according to those who use the supravital staining
technique primanly; in contrast, other workers, such as Willss, are not con-
vinced the disease exists or, at best, believe 1t to be a variant of acute lym-
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Areas of Involvement by Lymphosarcoma.  There were several regions in
which, for unknown reasons, Iymphosarcoma tended to remain localized.
These were the skin, the orbit, and the stomach.® 3% 31.37 Paients with
lesions in these arcas have done equally well with surgery or local x-ray
therapy. One cannot but wonder if they would not have done as well if
untreated, aside from the Jocal effects of the lesions.

The rectal lymphioma may represent a biologically different, more benign
entity even though it may show microscopic features of lymphosarcoma or
giant follicular Iymphoma ™% However, no patient with this lesion has
been followed long enough to exclude possible spread to, or metaplasia of,
other sites.

On the other hand other areas ol involvement were correlated with a poor
prognosis, primarily because of the nature of the site of the lesion, rather
than because of the type of lymphosarcoma. I'\amples were intracramal or
spinal cord lymphosarcoma with secondary neurologic disease and extension
of mediasttnal tamor 1nto the lungs. In the latter, pulmionary drainage was
mmpaired, and the patient fell prey to intractable pneumonitis,

The bone marrow was the most important of all extranodal sites of in-
volvement As in other lymphomas, we are concerned with two interdepend-
ent factors, the amount of lymphatic and of myelord tissue,

Lymphatic metaplasia has occurred at any stage in lymphosarcoma and
has had an ominous prognosts in direct correlation with the degree of mar-
row replacement The node biopsy of Case 12 was morphologscally stmilar
to that of Case 11 (Figs. 17-114 and 8 vs. 17-124 and B) Howeer, Case 12
also had severe pancytopemia, and surgical biopsy of his marrow (Fig 17-
12C) demonstrated almost complete replacement of myeloid ussue by small
lymphocytes, morphologically 1dentical to those i his lymph node and in
the node of Case 11 Casc 12 failed to respond to therapy and is now being
maintained on transfusions

More frequently a less fulmmauang course has occurred QOver years, -
dependently of therapy. the marrow underwent progressme lymphocytic
metaplasta (Fig 17-11D vs 17-11E) The lymphocytes may retain their orig-
1nal cytology or may transtorm into medium-sized or large Iymphocytes In
the latter circumstance the prognosis and results of therapy were worse. Ac-
cording to Lumb,* this type of lymphatic metaplasia has occurred in about
15 per cent of ail patients My own experience suggested not only a higher
incidence but also indicated that in any pauent the longer the patient sur-
vived, the more Iikely was metaplasia to occur. Frequently lymphatic meta-
plasia was accompanied by a leukemic blood picture in which the
characteristic cell was a medium-sized lymphocyte # The prognosis and re-

sponse to therapy were mversely related to the degree of marrow replace-
ment and durectly to the degree of maturation to the small lymphocyte
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¥ic 1718 Case 13, Hodgkin's paragranuloma (4) Lymph node, faily
normal follicle (x 80 (8) Small lymphocytes (5) at edge of follicle, pleo-
morpluc wmnes portwon made up of medium sized and large lymphocytes,
reticulum cclls, and nuclear debrs, rows of plasma cells (P) 1n medullary
cords, medullary sinwses (V) are demonstrable (Eigher power of Fig
17144, x 160)
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phatic leukemia™ One of two events has transpired in every instance in
which I have made the diagnosis of acute monocytic leukemia on the basis
of smears of the peripheral blood or bone marrow. Either examination of
the sections prepared by the Masimow technique demonstrated specific
ncutrophilic granules in the cells, or in the course of time, specific neatro-
philic granules appeared in the cclls even n dry smears. My own personal
bias in this still bueerly debated subject is that there 15 no such entity as
monocytic leukemra,

Hodgkin’s Discase

EvALUATION OF PROGNOSIS AxD RFsPoNSE 1o THERAPY BASED o LyvieH
NooL Brorsy

Since the classic monograph by Jackson and Parker™ published in 1937,
there has been almost universal acceptance of the fact that the lymph nodes
are the site of three types of Hodgkin's disease, the paragranuloma, granu-
loma, and sarcoma,!? 33 26 32,33, 333% 43 49, 60, 6t Iy estigators agreed that the
paragranuloma had the best prognoss, the sarcoma had the poorest, and the
granuloma, which 1s commonest, occupied an intermediate position, In my
expertence prognosts and prediction of response to therapy based upon t{we
division mto these three types on the first node biopsy will be accurate in
about 80 per cent of cases

Paragranuloma. The paragranuloma is charactenzed by a dense, small
lymphocytic mfiltrate, by a variable degree of arclutectural effacement, and
by the presence of Sternberg-Reed cells Rappaport and colleagues described
in addinion the presence of a follicular pattern early 1 the disease ** Ac-
cording to Harrison, the lymph node may be divided mto lobules by fibrous
ussue, although most other authors believe that sclerosts is not a feature of
the paragranuloma * l’leomorplnsm, irregular fibross, cosinophilia, neutro-
philia, and toa of necrosis, all common 1 Hodgkin’s granuloma, are not
found *

Fig 17-13, from Case 13, 1s an untreated cervical node which appeared 2
few weeks prior to biopsy in a pattent who had had Hodghin's disease for 20
years, the original biopsy showing a paragranuloma Many of the features
characteristic of the paragranuloma were still demonstrable despite the long
duration of the disease There was preservation of normal architecture even
to persistence of farrly normal appeaning follicles and recognizable medul-
lary cords and sinuses (Fig 17-134, B) There were stll areas very rich m
lymphocytes (Fig 17-13E), and Sternberg-Reed cells were demonstrable
(Fig. 17 13F) Unlike the paragranuloma, arcas of promiment reticulum celgs
were found, stmular to what Loew and Lennert3® described, as the patient’s
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disease changed from a paragranuloma to a granuloma (Fig. 17.13F). The
fibrosis may be construed as evidence ¢f progression toward a granuloma.
The increased number of plasma cells between the islands of Iymphatic tis-
sue (Fig. 17-13B) have been found in both paragranulomas and granulomas
of long duration, In comparison to the original node, the node obtained in
1959 had a more irregular architecture, not as dense a lymphocytic infiltrate,
and more scarring and plasma cells. This patient has since had a good re-

v ,a % A
Fic 17-13 (Contd) (C) Bone marrow, 1953, hyper-
plastic myeloid ussue (x 80) (D) Bone marrow,
1939, serous fat atrophy, arufact due to mixture of
blood and marrow (A). (X 80)

sponse to x-ray therapy directed to an abdommal mass which caused gastro-
ntestinal symptoms, chills, fever, and weight loss In the last 6 years, the
duration of each treatmentinduced remussion has slowly decreased; this
observation seems to be correlated with the change in the histopathology of
the lymph nodes and marrow which will be described 1n more detail (see
below).

The cytologic features of a paragranuloma indicate, as i chronic Iym-
phatic leukemua and gant follicula) lymphoma, that a good therapeutic re-
sponse 15 to be expected and that the prognosis may be just as good if no
treatment 1s given The one common d m all three d has




Fic 1718 (Gontd) (E) Islands of small lymphocytes (5) alternating wath areas
poor in lymphocytes with promment reticutum cells (R) Same node as 4 (x 80)

{F) Area poor 1n lymg with cells and Reed Sternberg,
clis, 2 of which are 1n mutasts (X) Same niode s A4 (X 650)
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been the presence of many small lymphocytes, one of the most radiation-
sensitive cells in the hematoposetic tissues 3

The consensus 1s that a Hodgkin's paragranuloma indicates a survival of
8 to 20 years in the great majority of cases. During most of this time, the
patients are essentially asymptomatic and are able to live a normal and even
active physical life. Most of the patents reported have been treated solely
on the basis of the diagnosis per sc or of the presence of a palpable node;
activaty as herein defined has not been the indication for therapy. Occasion-
ally, for vanous reasons some patients have remained untreated Wright
described two such cases.™ In one patient who was asymptomatic, recurrence
of a node occurred 8 years after biopsy. The sccond patient was treated
imtially 7 years alter the diagnosis was made, purely because of palpable
nodes; at the time he was asymptomatic, Harrison's two untreated cases were
still asymptomatic at 8 and 12 years after biopsy.® These four cases represent
as good results as are reported in treated patients The possible deleterious
effect of cytoadal therapy has recently been emphasized in the German
lLiterature 1n which the transformation of a benign Hodgkin's granuloma to
a treatment-resistant Hodghin's sarcoma has been ascribed to therapy.® ¢

Granuloma. Hodgkin's granuloma, representing about 80 per cent of
all pauents with Hodgkin's disease, occupies an intermediate position be-
tween sarcoma and paragranuloma As Jellife has pointed out, the mor-
phologic pleomorphism parallels the marked variabuility in prognosis.®* Some
patents with a granuloma have had the bemgn course characteristic of a
paragranuloma 3¢ Pattents with this lesion have survived from less than 2
to more than 15 years, overlapping the paragranulomatous and sarcomatous
varieties of Hodghin's disease The great majority of patients have lived from
4 to 7 years after the diagnoss has been made

Figure 17-11 1s taken from a previously untreated patient (Case 14) and
shows a case intermediate between that of a granuloma and paragranuloma,
corresponding to Loew's group 11C % There were an unusually large number
of lymphocytes, but the eosinophiha, scarrmg, plasmacytosis, and numerous
Sternberg-Reed cells were characteristic of the granuloma In Case 14 re-
mussions of 18 months followed each of two courses of nitrogen mustard
The patient’s course has been described in greater deail m another
publication 1#

Figure 17-15 from Case 15 1s an example of a typical granuloma There
was marked pleomorphism and scarring (Fig 17-154), but the node had
many areas i which lymphocytes were numerous (Fig 17-158) This biopsy
was taken approximately two years after diagnosts and 1nitration of x-ray
therapy. The pauent responded well to further treatment with both x-ray
and nitrogen mustard for another three years
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Fic 1714 Case 14, Hodgkin s
granuloma  (4) Lymph node
very nich an small lymphocytes,
smilar to a paragranuloma (X
160) (B) Same node as Fig 17
154 Another area more sumilar
to a granuloma with fewer
lymphocytes and more promunent
repculum  and  Reed Siernberg
cells (SR) {(x 160)
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been the presence of many small lymphocytes, one of the most radiation-
sensitive cells in the hematopoietic tissues.!s

The consensus is that a Hodghin’s paragranuloma indicates a survival of
8 to 20 years in the great majortty of cases. During most of this time, the
patients are essentially asymptomatic and are able to live a normal and even
active physical life, Most of the patients reported have been treated solely
on the basis of the diagnosis per se or of the presence of a palpable node;
activity as herein defined has not been the indication for therapy. Occasion-
ally, for various reasons some patients have remained untreated, Wright
described two such cases ™ In one patient who was asymptomatic, recurrence
ol a node occurred 8 years after biopsy. The second patient was treated
initally 7 years after the diagnosis was made, purely because of palpable
nodes, at the tume he was asymptomatic Harrison's two untreated cases were
still asymptomauc at 8 and 12 years after biopsy ** These four cases represent
as good results as are reported m treated patients The possible deleterious
effect of cytoardal therapy has recently been emphasized in the German
Iiterature 1 which the transformation of a benign Hodgkin's granuloma to
a treatment-resistant Hodghin's sarcoma has been ascribed to therapy.*

Granuloma. Hodghin’s granuloma, representing about 80 per cent of
all patents with Hodglhin's disease, occupies an intermediate position be-
tween sarcoma and paragranuloma As Jellife has pomnted out, the mor-
phologic pleomorphism parallels the marked variability in prognosis * Some
pattents with a granuloma have had the bemgn course characteristic of a
paragranuloma 3¢ Patients with this lesion have survived from less than 2
to more than 15 years, overlapping the paragranulomatous and sarcomatous
varieties of Hodglin's disease The great majonity of patients have lived from
4 to 7 years after the dragnosts has been made

Figure 17-14 1s taken from a previously untreated patient (Case 14) and
shows a case intermediate between that of a granuloma and paragranuloma,
corresponding to Loew's group 11C # There were an unusually large number
of lymphocytes, but the eosinophilia, scarring, plasmacytosis, and numerous
Sternberg-Reed cells were characteristic of the granuloma. In Case 14 re-
misstons of 18 months followed each of two courses of mitrogen mustard
The patient’s course has been described 1 greater deatl m another
publication **

Figure 17-15 from Case 15 1s an example of a typical granuloma There
was marked pleomorphism and scarning (Fig 17-154), but the node had
many areas in whach Iymphocytes were numerous (Fig 17-15B) This biopsy
was taken approximately two years after diagnosts and mmuation of x-ray
therapy The patient responded well to further treatment with both x ray
and mitrogen mustard for another three years
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Smetana and Cohen* and Jackson and Parker’t dzsctibed the presence of
sarcondlike Jesions. These occurred in about 10 per cent of cases in my ex-
perience and have had no discernible effect on prognosis or response to
therapy The major problem in this vaniety of Hodghin's granuloma has
been the difficulty in differentiating between it and sarcoid and other non-
caseating granulomas,

Case 16 originally had a Hodghin’s granuloma, She responded fasorably
to courses of nitrogen mustard and x-ray therapy for five years The lymph
node illustrated in Figure 17-16, obtained a few months prior to her death
at the onset of a treatment-resistant stage of the disease, had undergone
metamorphosis to a Hodgkin's sarcoma. The tissue was somewhat acellular
and fibrous (Fig. 17-16.4). The predominant cell was a reticulum cell with
an anaplastic appearance due to a promument nucleotus and fobing of the
nucleus (Fig 17-168) Lymphocytes were sparse

The following interpretations of the histopathology of Hodgkin's granu-
loma seem warranted and are in agreement with Jelife’s concepts 3* The
more closely the histopathology of Hodghin's granuloma resembled that of
the paragranuloma, the better was the prognosis and response to therapy.
The most critical feature 1n this resemblance was the presence of large
numbers of small lymphocytes The prognosis and response to therapy be-
come poorer as the ratio of reticulum cells and Sternberg-Reed cells to
small lymphocytes increased, that is, as the histopathology more closely re-
sembled the sarcoma,? 31.3%. %338 There were undoubtedly other important
factors, but they were not discermble by microscopic examination

Hodghin's Sarcoma, Patients with this entity usually presented wath
systemic manifestations such as chills, fever, weight loss, and anorexia The
overwhelmmg majonity have died witluin two years,* n some series all pa-
uents have died within a year 2 © A few patients have had a short remission
fnllo\ung treatment, but most patients were treatment-resistant 3 38 37 The
Instopathology was the same Tegardless of whether the patient’s disease
began as a paragranuloma or granuloma or had the characteristics of a sar-
coma from the onset (Fig 17-164, B)

Figure 17-17 1s from a patient who had a brief and poor Tesponse to
mtrogen mustard, dying within a few weeks of treatment There was com-
plete loss of normal archutectural pattern The domnant cell was a hyper-
trophied reticulum cell (Fig 17-17) Occasional lymphocytes and neutrophils
were scattered between the reticulum cells Mitoses and degenerating cells
were frequent There was no fibrosis or eosnophilia
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Fic 1715 Case f5, Hodglan’s granufoma (d) Dense
fibrous tssue at border of moderately cellular lympho
granulomatous tissue (X 160) (B) Another area of same

node, Tich in small lymphocytes and Reed-Sternberg cells
(SR), one of which 15 1n mutosis (X) (X 650)
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Evatvation o Procaosis Anp Resrosse. To THERARY Basen Uros EXTRA-
AODAL TISSUES

The great majority of investigations on Hodghin's disease have been based
upon studies of lymph node biopsies because of the availability of this tissue
for study without any risk and with a mintmum of discomfort to the pa-
uent However, Hodghin's disease at autopsy aflects a wide vanety of tissues,
especially the spleen, Iiver, and marrow. Probably if these tissues were more

S
. 17

Fic 17-17 Case 17, Hodgkin's sarcoma (reticulum cell sarcoma?),
Iymph node Dominant cell 1s a retculum cell (R). occasional
small lymphocytes (3). and neutrophils (N), many muases (X),
and degeneraung cclis (D) (x 900)

readily accessible for microscopic study, there would be fewer mvestigators
who believe 1n the locahized ongm of Hodghin's disease

Liver. There are no systematic studies available on the lwer n
Hodghin's disease except for those obtained at autopsy My own material
consists of fragmentary and irregular observations® 1* 13 14 Early in the di-
sease the morphologic feature were nonspectfic, consisting of a minor degree
of portal mfiltration and hyperplasia of Kupffer cells Most of the bropstes
were obtained from pauents who were seen as diagnostic problems, usually
presenting with fever of unknown onigin, such pauents are 1dentified with
a poor prognosis It has been impossible to evaluate liser biopsy as an index
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Fic 17-16 Case 16, Hodglun's granuloma after metamorphosts to Hodghin's sarcoma
(4) Lymph node, loss of archutectural pattern, moderately acellular (x 160) (B) Pre-
dommant cell 15 a hypertrophied reticulum cell (R), small (3) and medm sized (M)
lymphocytes very sparse, same node as Fig 17174 (x 630) (C) Marrow, extreme serous
fat atrophy (X 80)
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at autopsy.® He found marrow aflected in 78 per cent of cases but implied
that if enough areas of active marrow are studied, the specific lesion should
be demonstrable in all pauents. Depending upon the method of study,
Hodghun's tissue was recognizable in from 0 per cent to 15 per cent of cases
studied prior to autopsy. Pettet and colleagues demonstrated the lesion in
9 of 31 cases ** T'ive other cases had nonspeaific lesions which were abnormal
but not pathognomonic of Hodgkin's discase.

My oun experience®  with at least a hundred cases, many of which had
muluple biopsies, was at variance with both Stemner and Pettet. A lesion
pathognomonic of Hodgkin's has been demonstrated 1 about 10 per cent
of cases (Fig 17-18). Case 18 was typical of those i which a specific lesion
was demonstrable in the marrow. The patient presented with fever of un-
Anown origin and with a pancytopenic blood picture The lesion in such
nstances has usually been a sarcoma or intermediate between a sarcoma and
granuloma and has almost imvanably been correlated with a poor prognosis
and no response to therapy (Fig. 17-18B). Pettet, Rappaport, and their col-
leagues also noted that involvement of the marrow was seen in patients
with far-adianced disease (and prestumably a poor prognosis) or patients with
pancytopema.®® * The poor prognosis in these cases was correlated with
the histopathologic charactenisucs of the specific Hodghin's lesion rather
than with the extent of marrow replacement (Fig. 17-18). Even at autopsy,
physical replacement of the nrarrow was a very rare occurrence *

The second facet, the amount and character of the residual myeloid tissue,
was more frequently a guide to therapy than was the comparatively rarely
demonstrable speafic Hodghin's lesion The more bemign the prognosis
and/or the earher 1n the stage of the disease that the patient 1s encountered,
the more granulocyuc and megakaryocytic hyperplasta there was Figure 17-
13C is from a marrow biopsy obtained from Case 13 1n 1953, immediately
prior to a three-year remission induced by nitrogen mustard. A patient with
so hyperplastic a marrow will not develop severe pancytopema following
either nitrogen mustard or \-ray therapy and will usually obtain a remission

Oter the course of years, as pauents lost weight, the marrow underwent
4 serous rather than a simple fat atrophy This change 15 Wllustrated by
Figure 17-13D obtained from Case 13 1 1958 when the patient had begun
to lose weight At that ime he developed nuld pancy topenia, and subsequent
courses of therapy have produced remissions measured 1 months and not
vears The marrow had undergone a moderate serous fat atrophy, but there
sull was enough myeloid tissue to withstand the effects of a course of nitro.
gen mustard

Figure 17-16C was obtained from Case 16 a few weeks prior to death when
the patient was severely pancytopenic, febrile, and emaciated She had al-
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to prognosis and therapy because of the lack of a suflicient range of material,
1e,, benign as well as malignant types of Hodgkin's discase early in 1ts
course. However, it is common experience in Hodgkin's disease that, when
there has been marhed hepatic involvement, the prognosis and response to
treatment is poor.s7

Spleen. Spleen biopsies have been even more dangerous to do than
liver biopsies, but more studies are available than in the case of the liver
because of the more obvious involvement of the splecn early in the
natural history of Hodgkin’s discase.® 1% 13. 14 Although, in general, the dis-
ease in the spleen paralleled that in the lymph nodes, it was not uncommon
for splemic tissue to be uninvolved by Hodgkin's disease in a patient in whom
node biopsy has been positive. Biopsy of the spleen offered little additional
information over that obtainable from study of a lymph node remosed con-
comutantly. Response to therapy and prognosis were governed by the concen-
tration of lymphocytes The more lymphocytes or, in other words, the closer
the resemblance to Hodghin's paragranuloma, the better has been the re-
sponse to therapy and the better the prognosis. In addition one may assume
that following therapy an ntensely fibrotic spleen will not shrink as much
as one with less fibrosis

Marrow. Of all the tissues involved i Hodghin's disease, the marrow
has been studied the least. The reasons are as follows. First, most pathologists
consider Hodghin's disease to be a disease of lymphatic tissue and con-
sequently believe there 1s little ment in the study of myeloid tissue de-
spite Stewner’s report wlich emphasized the frequency of marrow involve-
ment.% Second, analysis of smears of aspirated marrow has been the usual
method employed by the hematologist for studying marrow Although ths
technique may suffice when there 1s a qualitative change in the marrow, it
15 not adequate for evaluation of the much more subtle changes in Hodghin's
disease 8 For example, Cooper and Watkins'® 1n 1919 concluded on the basis
of smears of aspirated marrow that this tissue was of little use in evaluation
of patients with Hodghin's disease In 1950, Cooper and colleagues began
the study of sections of marrow and came to the opposite conclusion.**

There are two areas for evaluation in the study of the marrow in
Hodgkin's disease Hodghun's tissue itself and the residual nonmalignant
myelotd tissue The former was of lesser importance mn the majority of cases
Not enough attention has been paid to the latter for reasons already
mentioned

Demonstration of Hodgkn's tissue 1n the marrow 1s dependent upon the
number of lestons which m turn determines the likelihood with which the
lesion may be demonstrated by biopsy The mcidence and extent of mnvolve-
ment have been reviewed by Steiner, based primarily upon marrow studied
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teady prosed resisant to therapy. The severe serous fat atropliy was not
pathognomonic of Hodghin's disease but has been seen in a wide variety of
diseases which have had as their common denominator long-standing pro-
gresuve weight loss. Serous fat atrophy has been produced by protein de-
ficient diets in animals? by malnunuon in man?* by otal bLody
wradiation,'® by Amnopterin, and by nitrogen mustard.'t After treatment
of a patient with such a lesion by nitrogen mustard, and to a Tesser extent by
lacal x-1ay therapy, severe, even fatal pancytopenia often ensued. Further-
more, patients with this type of marrow leston were prone to develop active
whberenlosts ot disseminated mycosts, especially after systeraic cytocidat
therapy. Therefore, the majot importance of bone marrow lustopathology
(provided adequate sections are studied) was that 1t provided assessment of
the patient’s alabiry to withstand the cytocidal effect of systemic chemothera-
peutic agents such as mtrogen musiard

Peripheral Blood. Since the penpheral blood reflects the marrow, one
may obtain invaluable information {rom the determunation of the absolute
number of neutrophils and platelets When an evacerbation of Hodglun's
was accompanied by a polynucleosis and thrombocythemia, the marrow was
usually hyperplastic There were two exceptions: first, the occasional pauent
with 2 benign or treatient-responsive disease i whom an exacerbation was
accompamied by neurroperia even though the marrow showed myeloid
hyperplasia and, second, the splenectomized pauent who may have a
polynucieosis and adequate platelcts in spite of an atrophic marrow. Treat
ment of such a pauent with systemic agents has been disastrous, producing
fatal pancytopenia

SIGNIFICANCE OF FiBROSKS

1t was very difficult to evaluate the significance of fibrosis 1n a node biopsy
1n terms of prognosis and response to therapy Once a biopy had been taken
of a node so that the degree of fibrosis could be estimated, further observa.
tions upon that node were manmifestly impossible, Nevertheless, Smetana
and Lumb have concluded that sclerosis carmed a favorable prognosis3?
The evidence for this statement was not uneqruocal To complicate the prob-
lem, both Hodglan's paragranuloma and Hedghin's sarcoma, representing
respectively the forms with the best and poorest response to therapy, were
characterized by a minimum of fibrosis

Splemic ussues ofter more mf , b d 1 v
ndegunle techmgue the spleen may serve a‘; itsr own cmm{ol :‘“T\‘l’tv’:‘ 3.:
marledly fibrotc spleen did wot shrink, under therapy as much as did a less
fibrouc spieen In general, but not imanably, diminution 10 stze under
therapy was correlated with a good chimcal response It 15 my view based on
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Fig 17 18 Case 18, Hodghin's sarcoma () Bone marrow,
nodule of Hodghin's sarcoma surrounded by moderately
hyperplastic myeloid tissue (MT) (x 80) (B) Same nodule
as A, composed primanily of reticulum cells (R} and Reed
Sternberg cells (SR), bordered by hyperplastic myeloid tissue
(MT), (x 630)
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ctther as Hodgkin's sarcoma or reticulum cell sarcoma,

Systemic symptoms, especially malaise, fever, weight loss, and anorenia,
predominated in patients with reticutum cell sarcoma. The overwhelming
majority of patients have died within two years of onset3 34 3% 35,01 Ag jn
Hodghin's sarcoma, there was very hitde evidence that a significant rermssion
has ever been induced in any patient. 332

DISCUSSION

Histopathologic analysis should not only senve as a means of diagnosis
but should be a gmde to prognosis and therapy. This utopian objective will
probably never be aummable solely on the basis of morphology, even if the
present-day custom of relymg on a single biopsy is changed to one of analysis
of multiple biopsies Consequently, the microscopist must not adopt too
narrow an attitude hut must take into account other aspects of the patient’s
iflness such as the presenting symptomis, location of tumars, the presence of
abnormal proteins, and the type and amount of treatment ¥ 4 In other
words, in the present state of our kuowledge, histopathologic analysts must
be supplemented by a thorough acquaintance with all aspects of the patient's
disease,

Histopasbolpgic Analysis

In order to obtain a maximum amount of information from morphology,
one must consider the donunant cell type, architectural pattern, celtulary
of the marrow, and the changing morphologic pattern

Dowisant Ceut Tvre

The dormnant cell type was probably the most important single factor
When the microscopic field was usurped almost exclusisely by smalf fympho-
cytes, the prognosis nas the most favorable within any speaific archatectural
pattern. Yor example, Hodghin's paragranuloma, Tspe I gant folhicular
lymphoma of Gall and Mallory, and lymphotytic lymphosarcoma Tepre-
sented the most bemgn vaneues of Hodghin's disease, giant follicular
lymphoma, and lymphesarcoma, Tespectively Patients with these forms were
the ones who responded best to therapy They also were the patients who
least needed treatment, if one accepts the indication for treatment outlined
m this chapter As the domnant cel} type approached the retculum cell
morphologically, the prog and resp 1o therapy became poorer

Between the tno extremes of cytologic differentiation, there were an in-
fimte number of gradations which we have subdivided for each architectural
Pattern as a matter of chinical copvemence. These gradanons are beaunfully
Wlnstrated in the sermidiagrammanc figure 1 the paper by Warren and
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admittedly fragmentary observation of spleen biopsies, swhich are neverthe-
less probably more valid than those made on nodes, that the amount of
fibrosis tended to be inversely correlated with the clinical response.

His10PATHOLOGY As A Guint 10 THFRAPY IN HODGRIN'S Distast

There were two aspects to be considered: when to treat a patient and
which therapeutic agents should be utilized. For years the former problem
was simple—the indication for treatment was a diagnosts of Hodgkin's dis-
ease based on biopsy, This attitude is no longer valid if onc subscribes to
the concept that treatment should be reserved for the patient with actine
discase as defined m tius chapter. Histopathology would then be of lesser
mportance than a weight scale and a thermometer in deciding when to
mtiate treatment As already mentioned, study of the marrow was an ex-
cellent method for determining when not to treat a patient,

Our chowce of treatment is hmited to two types, systemic and local Sys-
teruc therapy 1s synonomous with nitrogen mustard or any of the closely
related compounds such as urethane, chlorambucil, and "TEM. Despite the
enthusiasm engendered by each investigator who introduced a variant of the
original nitrogen mustard, all these compounds are simlar in mechamsm of
action and therapeutic inde 2+ 5% ** Consequently, analysis of biopsy tissue
can hardly play a role 1 a selection of one type of chemotherapy m prefer-
ence to another. However, local x-ray therapy, since 1t has little 1f any effect
on marrow not dircetly exposed to the x-ray beam, has caused a lesser degree
of pancytopenia than mitrogen mustard Consequently, s-ray therapy has
been safely used when nmitrogen mustard 1s contramndicated because of mar-
row depleuon (Figs 17-13D, 17-16C) However, x-ray therapy under these
ctrcumstances may not imduce a remission

‘There was no histologic pattern correlated with a response to nitrogen
mustard as opposed to x-ray therapy or vice versa The decision to use one
or the other 15 based more upon whether a pattent has systemrc or local
mamf{estations of achivity

Reticulum Cell Sarcoma

The separation of retculum cell sarcoma from Hodghin's sarcoma has
been difficult, some authorittes held that they are basically stnmlar3*® In
general, if a patient has been known not to have had Iodghin’s disease and
if Sternberg-Reed cells were not demonstrable, the diagnosis of reticulum
cell sarcoma rather than of Hodghin’s sarcoma has been made However,
the distinctron between an anaplastic renculum cell with a hypertrophed
lobate nucleus and a developing Sternberg-Reed cell may be difficult and

perhaps invahd Figure 17-17 illustrates a bropsy that could be classified
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there any evidence, once significant interference with marrow {unction had
occurred by virtue of replacement by lymphatic tissue, that cytocdal therapy
mduced a regeneration of myeloid tissue even if the amount of lymphatic
tssue decreased Rather, severe serous fat atrophy leading to disability and
death from pancytopenia developed (Fig. 17-11) As a result esaluation of
nrarrow histalogy with respect to the adequacy of the myeloid tissuc was
an important aspect m management. Progressively extensie replacement
of myeloid tissue indicated a decreasingly poorer response to therapy and a
puorer prognosis Progressive serous atrophy, part of the natural hustory of
the diseases which was aggravated by treatment, bas had a similar signifi-
cance,

Since the ntroduction of radiation and chemotherapy, the “laws™ of
Bergoni¢ and Tribondeau have dominated our thinking.!® These authors
originated the concept that immature, rapidly dividing cells were most
sensitine to irradiation Examination of therr data indicated that their laws
were based upon observations made on the testis of one rabbit! On the
other hand, starting with Heineke's™ experiments, there have been numer-
ous studies to indicate that these laws are invalid 12 13 1% Similarly, parallel-
ing our faith mn these laws, but again lacking any venification, there has been
tacit acceptance of the belief that malignant cells were more sensitive to
wradiation than corresponding nonmalignant cells. However, serial biopsy
of tissues of patients with malignant diseases of the hematopoietic tissues has
effectively disproved this concept % ¢ Case 9 illustrated what happened to
the marrow when an attempt was made to “burn out” the malignancy. One
must anticipate damage to myeloid tissues as well as to the lymphatic tissues
when a patient with a lymphatic malignancy 15 treated with isotopes or
with chematherapy The degree of anema, thrombopenia, or neutropenia
following treatment depended on the amount of myeloid ussues present
prior to treatment and the dose and durauon of treatment® ' As the
amount of myeloid tissue decreased, whether because of atrophy or replace-
ment, the patient was more likely to develop pancytopenia of serious
degree followng treatment Comersely, the more active the myeloid tissue,
the more likely the patient was to withstand the cytocidal effect of treatment
and to obain a remission

The sitwation became more complicated because hyperplasia was often an
evidence of a complicaung factor such as abnormal destruction of red
cells, white cells, and platelets Frequently the hypersplemc syndrome was
a more serious problem than other aspects of the lymphomatous disease
Evaluation of the role of the marrow is predicated upon the availability of
sections of a switable biopsy specimen Smears of aspirated marrow were
unreliable for the purpose outlined

With some Ppractice one may estimate the adequacy of the marrow from
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Picena.™® At the nsk of oversunplification, one might say that the larger the
dominant cell and the more delicate its standing characteristics, the poorer
the prognosis and the poorer the response to therapy.

ARCHITECTURAL PATTTRN

The architectural pattern of the malignant tissue ranked next to cytology
in importance. In general, the better the preservation of architecture, the
better was the prognosis.™ - © Rappaport and colleagues’ study in particular
indicated that preservation of follicular pattern was a better prognostic sign
than is loss of normal architecture.$

Fisrosis

The role of fibrosis was difficult to evaluate. Some anthors believed that
1t has been associated with a relatively good prognosis, although the evidence
upon which this content was based was meager. + My own observations,
based primarily upon serial splenic biopsies, indicated that extensive
fibrosis was correlated with a lack of diminution of size of involved tissues
after any type of therapy, and with a poor prognosis as well. In the indrvidual
patient there was progressive fibrosis during the natural history of that
patient’s disease, and in this sense fibrosts was correlated with an mncreasingly
poorer response to therapy.13. 4

SreciAL RoLE oF THE Marrow

Bone marrow has played a much neglected role 1n the evaluation of prog-
nosts, natural history, and feasibility of, and response to, therapy. Since the
introduction of radrotherapy, and especially mn the more recent chemo-
therapeutic era of the last 15 years, we have become mesmerized by the gule-
less concept that destruction of the cell type characterisuc of the malignancy
1s the goal of treatment Increasingly less attention has been pard to an ex-
tremely mmportant aspect, the ability ot the marrow to produce red cells,
white cells, and platelets mm normal numbers under conditions that will
insure normal longevity of these formed elements n the circulatng blood
In addion, in the presence of hemorrhage or infection, the marrow must
be able to produce an increased number of these elements. Another func-
tion that was correlated with prognosis was that of the production of an
adequate antibody response when the need arose Observation of patients
with lymphatic malignancies cannot help but impress the physician with
the 1mportance of anemua, thrombocytopenia, neutropenia, and poor anti-
body responsc as major causes of disability and death

Conversely, there was no proof that an mncrease in lymphocytes mn the
peripheral blood or marrow, except when they g::ossl) replaced myeloid
tissue, had any real sigmficance as a cause of disability or death Nor was
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there any evidence, once signilicant interference with marrow [unction had
accurred by virtue of replacement by lymphatic tissue, that cytocidal therapy
duced a regeneration of myeloid tissue even if the amount of lymphatic
tissue decreased, Rather, severe serous fat atrophy leading to disability and
death from pancytopenta deseloped (Flig 17-11) As a result evaluation of
marrow lustology with respect to the adequacy of the myeloid tissue was
an important aspect i management. Progressively extensive replacement
of myeloid tissue indicated a decreasingly poorer response to therapy and &
poorer prognosis Progressive scrous atrophy, part of the natural history of
the discases which was aggravated by treatment, has had a stmlar sigmfi-
cance.,

Since the introduction of radiation and chemotherapy, the “laws” of
Bergonié¢ and Tribondean have ated our thinking.}® These authors
originated the concept that immature, rapidly dividing cells were most
sensitive to irradiation Examination of therr data indicated that their laws
were based upon observations made on the testis of one rabbit ¥ On the
other hand, startng with Heineke's™ experiments, there have been numer-
ous studies 1o mdicate that these laws are imalid 1* 3 15 Similarly, parallel-
g our faith in these laws, but agam lacking any venficauon, there has been
tacit acceptance of the belief that malignane cells were more sensitnve to
wradiation than corresponding nonmalignant cells However, serial biopsy
of tissues of patients with malignant diseases of the hematoposetic tissues has
effectnely disprored this concept 1% % Case 9 illustrated what happened to
the marrow when an attempt was made to “burn out” the malignancy One
must anticipate damage to imyelowd tissues as well as to the lymphatic ussues
when a panent with a lymphatic malignancy 1s treated with 1sotopes or
with chemotherapy The degree of anemma, thrombopenia, or neutropenia
following treatment depended on the amount of myeloid tissues present
prior to treatment and the dose and duration of treatment® 4 As the
amount of mycloid ussue decreased. whether because of atrophy or replace-
ment, the patient was more likely 10 develop pancytopenta of serious
degree following treatment Convensely, the more active the myelord ussue,
the more likely the patient was to withstand the eytocidal effect of treatment
and to obain a remission

The situation became more complicated because hyperplasia was often an
evidence of a compheatng factor such as abnormal destruction of red
cells, white cells, and platelets Frequently the hypersplenic syndrome was
4 more seriots problem than other aspects of the lymphomatous disease
Evaluation of the role of the marrow 1s predicated upon the availability of
sections of a switable biopsy speaimen Smears of aspirated marrow were
unreliable for the purpose outhined

With some practice one may esumate the adequacy of the marrow from
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the blood smear. If platelets and neutrophils were not present in sufficient
numbers, the marrow biopsy will determine 1f this depression is due to
atrophy, invariably serous and not simple, or due to a hypersplenic
syndrome.

CHANGING MorPHOLOGY

Most studies on the lymphocytic malignancies have laid emphasts upon
the progressive nature of these diseases,3% 3536 with inevitable metamor-
phoses toward a more malignant, less treatment-sensitive condition. Accord-
mngly, one would expect that the histopathology of the lesions in a given
patient would also change; as a result serial biopsies would be needed to
keep pace with these changes.

The diseases under consideration were notoriously accompamed by varr-
ous complications. Hypersplenic syndromes, actd fast, fungal, and pyogenic
infections, abnormal proteins, and poor antibody formation were examples
In addition the patient may have had coincidental disease, such as occurred
in Case 6 of this report and 1 Walter’s case,® the manifestations of which
were erroneously ascribed to the lymphoma Serial biopsy was necdedlm
determine whether failure to respond to therapy in a previously responsive
patient was due to a change in the lymphoma to a more malignant type.
or whether the lymphoma had responded but the persistent symptoms
were due 10 a complicating factor. If a patient who has had a paragranuloma
failed to respond to therapy at a time when a repeat node bropsy had
shown a change to Hodgkn's sarcoma, the therapist may reasonably ascribe
the failure to a change in the biologic nature of the disease However, 1f the
node bropsy in this patient still was characteristic of a paragranuloma 01
granuloma, then the physictan should logically search for some comphicating
disease An excellent example recently encountered was that of a man with
benign Hodghmn's disease which was treated repeatedly with mitrogen
mustard, soft skin x-ray, and prednisone for prurttus Thereafter, the patient
developed severe chills and fever, mstakenly ascribed to the Hodghin's
disease At autopsy these symptoms were found to be due to systemic no
cardross.

Ancillary Factors

SITES OF INVOLVEMENT

The sites of demonstrable mvolvement of disease have had an undoubted
bearing upon prognosts and response to therapy Unfortunater., this aspect
of the problem has been beclouded by Linmtations m our abulity to recog-
nize areas of mnvolvement other than those obvrous by the ordinary tech
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niques of physical, xTay, and laboratory examination For example,
Hodghin's paragranuloma has been considered to be limited to a single
area merely because no other masses were demonstrable. This naive ap-
proach to the problem obviously had no validity in excluding the presence
of asymptomatic areas of microscopic and even gross imvolvement by the
disease in the more inaccessible parts of the patient’s hody. One of my pa-
tients with Hodgkin's disease was hilled in an accident twenty-four hours
after posteroanterior and lateral x-ray films of the chest were read as negative
for mediastinal imolvement. At autopsy walnut sized nodes were found
scattered through the entire mediastinum,

There were certain anatomic areas of involvement that were inherently
associated with a poor prognosis Under such aircumstances a patient with
a biologically benign type of disease, on histopathologic grounds, may have
a lesion which in itself caused such a serious train of complications that it
nduced an unfavorable or lethal (linical complen. The most striking ex-
ample was a patent referred for treatment with a benign Hodgkin's para-
granuloma. He had devcloped lumbar transyerse myelitis due to an unrecog-
nized lesion 1n the dura Death resulted from renal tract infection, stones,
deculntal ulcers, and mamition rather than from the Hodghun’s disease itself.

Extension of the lymphoma from the mediastinum into the lung paren-
chyma forehoded a poor prognosis.” 1 This type of lesion interfered with
pulmonary drainage and caused recurrent intractable pulmonary infections.
Xeray therapy may give temporary relief, but the resulung fibrosis further
decreases pulmonary dranage. The majority of patients died within one
year of the time that this complication was clinically apparent. For unknown
reasons patients with chronic lymphatc leukemia have had a relatively better
prognosis with this complication

Occasionally a pauent has developed sesvere, intractable pruritus in the
course of what would otherwise have been a comparatisely benign discase.
These patients literally scratched their way into the grave and died of a
combination of inanition and mnfection, abetted by the complicauons which
followed large doses of steroids and chemotherapy Severe liver disease has
resulted 1n intractable ascites or obstructive jaundice with ascending btlary
tree infection

1t the lymphoma s first mamlested tn the stomach® orbit, or naso-
pharynx, the prognosis may be unusually bengn

LABORATORY FInDINGS

There were seseral complications demonstrable by laboratory study that
grossly modified the interpretation based upon histopathology alone. Severe
anemua, neutropenia, and thromhopenia out of line with the pathologic

g
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process were the best examples ol this phenomenon. Abnormal proteins also
modified the patient’s prognosis and response to therapy to an extent which
invalidated an interpretation based purely upon microscopic analysis. These
rather rare complications often did not respond to therapy, even when all
other aspects of the patient’s disease had been brought under control.

PRE-EXISTING OR COINCIDENTAL DISTASF

In this category, which modilied histopathologic considerations, we must
consider two possibilities, intercurrent discase that has no relationship to
the lymphoma and intercurrent disease that tends to occur or undergo
exacerbation as a result of the poor resistance of the patient, The former
group was obvious, typified by the lack of tolerance of severe anemia by a
patient who had severe cardiac insufficrency.

The latter category was much commoner. Patients with lymphomas are
notoriously susceptible to infection, especially tuberculosis and mycotic
disease. Chemotherapy, sterotds, and, to a lesser extent, \-ray therapy further
reduced the host’s smmunologic and cytologic defenses against infection
Recogmition of a complicating infection was often difficult since the symp-
toms may closely simulate those of activity of the Iymphoma. Serial bropsy
has fortuitously unveiled the complicating infection,

Prior THERAPY

Overzealous treatment was one of the most potent factors mn inducing
a poorer prognosis, it served as a cause for a serous atrophy of the
marrow suffictent to make further therapy dangerous Serous atrophy of fat
was especrally prone to follow chemotherapy and radioisotope therapy be-
cause these agents exerted a systemic effect which depleted the marrow
Local x-ray therapy was much less dangerous since only the marrow in the
path of the x-ray beam was significantly affected Steroids were not toic
to myeloid tissue and so were not hazardous in this regard

Case 6 was an excellent example m which histopathologic analysis indi-
cated that a pauent with chronic lymphatic leukentia had a relatnvely benign
disease and did not therefore require treatment Unfortunately, her marrow
was so badly injured by over treatment that 1t led to her death from pancy
topema

CONCLUSIONS

The term “favorable response to therapy” was limited to those situations
1 which a patient, previously physicatly unable to meet the stress of a
normal way of hife, was thereafter able as a result of treatment to cope
physlcally with these demands
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The most important morphologic factors in evaluating prognosis and
response to therapy were:

1. The dominant cell type

2. Functional capacity of the marron
3. Changing histopathology

1. Preservation of architectural pattern
5. Development of fibrosis

Anci’llar) data modifying conclusion based upon histopathology were:

1 Sites of imvolvement by malignant tissue

2, Presence of comncidental disease

3. Lowering of resistance to infection

1 Presence of hypersplenic syndromes or abnormal proteins
5 Overtreatment.
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process were the best examples of this phenomenon. Abnormal proteins also
modified the patient’s prognosis and response to therapy to an etent which
invalidated an interpretation based purely upon microscopic analysis. These
rather rare complications often did not respond to therapy, even when all
other aspects of the patient’s disease had been brought under control.

PRE-EXISIING OR COINCIDFNTAL Dist Ast

In this category, which modified histopathologte considerations, we must
consider two possibilities, intercurrent disease that has no relationship to
the Iymphoma and intercurrent disease that tends to occur or undergo
exacerbation as a result of the poor resistance of the patient. The former
group was obvious, typificd by the lack of tolerance of severe anemia by a
patient who had severe cardiac insufhciency.

The latter category was much commoner. Patients with lymphomas are
notoriously susceptible to infection, especially tuberculosis and mycotic
disease, Chemotherapy, steroids, and, to a lesser extent, x-ray therapy further
reduced the host's immunologic and cytologic defenses agamnst infection
Recogmition of a complicaung mfection was often difficult since the symp-
toms may closely simulate those of activity of the lymphoma. Serial biopsy
has fortuitously unveiled the complicating infection.

Prior THFRAPY

Overzealous treatment was one of the most potent factors m inducing
a poorer prognosts, 1t served as a cause for a serous atrophy of the
marrow sufficient to make further therapy dangerous. Serous atrophy of fat
was especally prone to follow chemotherapy and radiotsotope therapy be-
cause these agents exerted a systemic effect which depleted the marrow.
Local \-ray therapy was much less dangerous since only the marrow m the
path of the x-ray beam was significantly affected Steroids were not tosic
to myeloid tssue and so were not hazardous in this regard

Case 6 was an excellent example m which histopathologic analysts mndr
cated that a patient with chronic lymphatic lenkerma had a relatively benign
disease and did not therefore require treatment Unfortunately, her marrow
was so badly mjured by over treatment that 1t led to her death from pancy-
topenia.

CONCLUSIONS
The term “favorable response to therapy” was limited to those situations
m which a pattent, previously physically unable to meet the stress of a
normal way of life, was thereafter able as a result of treatment to cope
physically with these demands



Histopathology in Prognosis & Therapy of Lymphocytic Lymphomas 255

3.

3

)

33

w
o

36

k)

3
% 3

e
3

5

52

Jacksos, H, and ParkeR, F., Jr. Hodghin's Disease and Allied Disordess.
New York, Oxford University Press, 1947,

Jansses, W, and WUst, G Zur Frage HodglinSarkom oder Retothel-
sarhont. Virchows Arch. path. Anat, 329.133-163, 1936

Jrrur, A, and Trowsos, A. D, The prognosis in Hodghin's drsease. Brit.
J. Cancer 9 21-36, 1935

. Kranorr, 1. H, Karnorsky, D, and Burenraat, J. Remissions induced by

chlorambucil n chronic granulocytic leukemia. JAM.A. 166 629 631, 1938.

. Loew, M. Uber den Prognose der Lymphogranulomatose Deutsches Arelt

klin Med. 202.700-725, 1956

Loew, M, and LraserT, Ko Ist die Kinische Unterscheidung cines Lympho-
g il und cines Par )| moghch Deutsche med. Wehnschr. 80:
404406, 1955

Luvs, G. Tumors of Lymphord Tissue. Edinburgh and London, E S
Lanvingstone, Ltd , 1954

MawrsHarL, A H E  An Outline of the Cylology and Pathology of the
Reticular Tussue. Springfield, 11, Charles C Thomas, Publisher, 1956
McGavroy, C W, Lymphatic leukemia of tweny-five years duration dnn.
Int, Med. 12-396-102, 1938,

Mmvor, G, B, and Issacs, R.  Lymphatic leukemia age, duration and bencfit
derived from irradiztson Baston Med. Surg. J. 191-19, 1924,

. Norcross, [ W, Cyxr, D P, and Surpar, M 1. Some problems relating to

mahgnant lymphomas Posigrad. Med. 21-308-519, 1957.

Oscoon, E, and Seavas, A, Treatment of chronic leukemias Results of
therapy by filtrated, regularly spaced total body radwactine phosphorus or
roentgen irraduation J A M.A. 150-1372 1879, 1932

PrrreT, J D, Prase, G, and Coorer, T An evaluation of paraffin sections
of aspirated bone marrow in malignant lymphomas Blood 10 820830, 1935
PIisciorra, A, and H K, Therapeutic consid tn chronic
lymphatic leukemia with special reference to the natural course of the disease
AMA. Arch Int Med 99.334-315, 1957,

. Rapearorr, H, Wivter, W, and Hicks, E. Follicular lymphoma A re-

evaluation of its position in the scheme of malignant lymphoma, based on a

surey of 238 cases Cancer 9.792 821, 1936

RePass, P. Long sunvival in chronic lymphatic leukemia Rocky Mountan

M. J. 56-61-66, 1959

Ross, J., and Esavei, F - Current trends in the management of the leukemias

and lymphomas Med. Glin North Am. 35 1381-1401, 1957.

Sunvmin, M, Oeprryvan, K, Low-BEer, B, and Merrier, S Lymphosaroma:

an analysis of frequency, distribution and mortality at The Unisersity of Cali-

forma Hospital 1913-1948. Ann Int Med. 40-1095-1107, 1954

SuETANA, H, and Conex, B Mortality 1n relanon to histologic type in

Heodgkin's disease. Blood 11.211.224, 1956

Stemer, P.E  Hodghin's disease incidence, distribution, nature and possible
fi e of lymph: 1 lestons 1 bone marrow, a review with

ongnal data Arch Path. 36 627-657, 1943

STERNBFRG, S, Priivires, F., and Scuotier, ] Pharmacological and patho-

logical effects of alkylating agents, Ann. New York Acad. Sc. 68 811-825, 1938.

Sxnes, M. P, Puniwirs, F. J., and Kakxorsky, D Comparative therapeutic




254

I

11

15.

12
=

3

=3

The Lymphocyte and Lymphocytic Tissue

. Brock, M, and Jaconsov, L 0. Manag of the lympt Med Chn.

North Am. 35.93-110, 1951,

Brock, M. Jacossox, L. O, Maxss, E. R., and Gaston, E “Effcets of Total
Body X-irradiation on a Pre-exisung Induced Ancmia in Rabbits I, Histo-
pathological studies,”” Chapter 12, “Biological Effects of External X and
Gamma Radiation.” In National Nuclear Energy Series, Division 1V, vol
22B. Ed. by R. Zirkle, New York, McGraw-Hill Book Company, Inc, 1951
Brock, M Histopathologic effccts of x-rays, radiophosphorus, nitrogen mus-
tard, urcthanc and steroids upon the spleen in leukemias and lymphomas.
Radiology 71:177-301, 1938.

Biock, M Unpublished data

Broow, W. “Histopathology of Irradiation from External and Internal
Sources,” in National Nuclear Energy Sertes, Division IV, vol. 22, 1. New
York, McGraw-Hill Book Company, Inc, 1918

. BRAUNSTFIN, H, FReman, D, G, and Gatr, E A A histochemical study of

the ensymatic activty of lymph nodes 1 The normal and hyperplastic Iymph
node Cancer 17 829.837, 1958

. Coccmr, U Die Therapie des grossfollikularen Lymphoblastoms (Bnll-

Symmnersche Erkankung) Schw med Wehnschr, 80:441-447, 1956
Coorrr, T, and Watanns, C H.  An evaluauon of sternal aspiration as an
aid i diag) ol the mahgnant lymg ta. Blood 4534-319, 1949
Custtr, R P, and Brrvuarp, W G. The interrelationship of Hodghin's
discase and other lymphatic tumors Am ], Med. Sct 216:625-612, 1948.
Dastrsurh, W Panels in therapy VI The management of chronic lymphatic
lenkemua (F H Bethell, L. F Craver, D A Karnofsky, and E E. Osgood).
Blood 10 1038-1063, 1955
Diastoxs, H D Natural history and management of lymphosarcoma Med.
Clin North Am 40 721-742, 1956
Frexvany, | G, Burrerr, S B, and Maritr, E A Role of hemolysis i
anemita secondary to chronic Iymphatic leukemra and certain mahignant
lymphomas New England J Med 259 847-855, 1938.
Frurprman, A I Primary lymphosarcoma of the stomach. A chinical study of
seventy-fne cases Am J Med 26 783-796, 1959
GaLt, E A, Morrison, H R, and Scorr, A T  The follrcular type of mahg-
nant lymphoma A sursey of 63 cases Ann Int Med. 14 2073-2090, 1941
Hau, C A, and Oson, K B Prognosis of the malignant lymphomas
Ann Int Med +f 687-706, 1956
Harrison, C V' Benign Hodghin's discase (Hodghin's paragranuloma) J
Path & Bact 64 513-518, 1952
Hritr, E L, and Lewss, H H, Jr.  Bemgn lymphoma of rectum Am J.
Path 26 463-472, 1950
Hoinesr, H  Experimentelle Untersuchungen uber die Emwirhung der
Rontgenstrahlen auf das knockenmark, nebst etmigen Bemerhungen uber die
Rontgentherapie der Leukamie und Pseudoleukamie und des Sarcoms
Zischr. f Chn 78 196 230, 1905
Hovcte, C  The early diagnosts and natural history of chronic lymphatic
leukemia. Ann Int Med. 45 39 53, 1956 4

-hsoy, H, JR  The practical aspects of the diagnosis, treatment and prog-
Jace dg{m's 1l|scars)e and all:e}()'l disorders Radiology 50 481485, 1918

nosis of Ho



CHAPTER 18

LYMPHOPROLIFERATIVE DISORDERS

WILLIAM DAMESHEK

The lymphoproliferative disorders include both isolated and generalized
proliferanions of lymphoid tissue. The genemalized proliferations may be
benign, reactive, and self-imited—as in certain infectious disorders and in
the primary immune response. The localized proliferations of lymphoid
tissue are neoplastic, although their degree of malignancy varies greatly In
\arying lengths of ume, they tend to become generalized There is little if
any distinction between the g lized lympt processes and
lymphocytic leuhemia; histologically, they are indistinguust

Chromic Iymphocytic leukemia is perhaps the commeonest of the forms

of leukemia 1n the West. There are “aggressive” types with conuiderabl
lymphad: hy, spl et ,. and systemic manifestions There are
“henign” (ypes without 1 lympl pathy or spl galy and completely

asymptomatic Autoimmune hemolytic anemia occurs 1 both these types
and 15 often by far the important feature of the leukemic process Hyper-
globul and hyp tobul ia may be found.

Macroglobulinemia may occur in occasional cases of generalized lympho-
cytic prohferation and may sometimes be the outstanding manifestation.
With a considerable quantity of heavy globulin, hemonhagw disease may
ensue and numerous nfections may develop, presumably—as in multiple
myeloma—because normal antibody globu]m producuon 1s diverted to the
producuion of this abnormal globuhn 1V bm's macroglobul
15 probably best considered as 2 form of lymphoprohferatne disease.

The lymphocytic tissues are involved 1n anitbody production. Thus, it is
not strange that when they are proliferating in a general fashion, the produc
tion of abnormal globulins s greatly increased. Some of these may be cell-
specific (as agamst red cells, 1¢ autoiramune hemolytic anemia), at times
other manifestations are seen, ncdluding thrombocytopenic purpura of the
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matic variety of the older age group Ilere treatment whether by x-rays,
alkylaung agents, or the corticosteroids may well do much more harm than
good and may even do 1rreparable harm The physician must know when not
to treat as well as when to apply therapy. It is not necessary always to treat
according to the number of cells present, but therapy should rather be used
only if the patient needs 1t and if it will do no harmn,

kntror’s o1k For a datailed discussion of this author’s views readers are referred to the
recent texibook Fenkemta by W, Dameshed and F Gunz, New York, Grune & Stratton, Inc, 195%



258 The Lymphocyte and Lymphocytic Tissue

“idiopathic” type, Henoch-Schonlein purpura, and leukocytic antibodies In
a benign lymphoproliferative disorder—infectious mononucleosis—there is
a “heterophile” antibody against sheep red blood cells Other viral infections
with lymphocytic proliferation as one feature show antibody reactions of
one sort or another.

The lymphoproliferative disorders may be treated by x-ray and the alkylat-
ing agents, including nitrogen mustard, TEM, and Leukeran. These are
destructive agents both to lymphoid tissue as well as to the bone marrow
and must be used with considerable caution else severe cytopenias, some-
times irreversible, ensue On the other hand, ACTH and the corticosteroids
are lymphocytolytic but not myelotoxic. When given in massive dosage 1n
acute lymphocytic leukemia, they may induce complete remissions. In
chronic Jymphocytic leukerma they are often highly effective, at least
temporarily, 1n cases that have become refractory to the destrucuve agents
and in which bone marrow depression is present, The results with the cor-
trcosterords n the chronic lymphoproliferative disorders, particularly when
large lymphoid masses, cachexia, and severe anemia are present, are often
very striking With the use of large-dose corticosteroid therapy (prednisone,
so-100 mg daily), the masses usually regress considerably, the systemic
symptoms disappear, and the anemia becomes greatly improved In the cases
with autoxmmune hemolytc anema and hyperglobulinemia, the results are
dramacc, Experience with well over 50 cases of extensive, generalized chronic
lymphoprohiferative disease now 1ndicates that large-dose cortrcosteriod
therapy may well be the treatment of choice 1n many mstances, not only
when resistance to X-ray and alkylating drugs has deve’oped but even as the
mutial procedure From our detailed observations i recent studies, 1t seems
more than likely that the corticosteroids are lymphocytolytic agents with an
activity comparable to that of x-ray Long-term therapy wil the cortico-
steroids 1s, of course, subject to various hazards, but alternanion of these
materials with the alkylating agents may be helpful i this regard

Primary lymphosarcoma of the spleen 1s the commonest neoplasm of the
spleen At first 1t simply presents as splenomegaly and later as hyper-
splenism with ¢ytopenias but with a normal bone marrow Eventually Iymph
nodes, the bone marrow. and blood are mvolved, giving the picture of
leukemia, leukemic or aluekemic The ‘moving picture” of the variwous
events 1n this neoplastic disorder 15 of considerable interest Therapy differs
according to the stage ot the disease and may mclude splenectomy, x-rays,
the alkylating agents, or the corticosterods

No discussion of the treatment of the lymphoproliferatuve disorders would
be complete without emphasizing the importance of no therapy in some

cases, parucularly m chronic lymphocytic leukemia of the benign, asympto-
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Tic 191 Inactne reacutum cell (center) sarrounded by small and
medium sized adult lymphocytes Lymph node mpnnt i cat scratch
disease, Leishman starn (X 1100)

Table 19 1. Malignant Lymphomas
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RETICLLUM CELLS
1. Reticulum cell sarcoma®
2 Hodgkmn's disease®
3. Letterer Sine's disease
4. Ewing’s tumor?
HEMATOPOIETIC RETICULOENDOTHELIAL CELLS
1. Acute “monocytic™

Teukemia
LYMPHOBLAST PLASNABLAST
1 Acute lymphacytic 1. Muluple
leukemia myeloma
2. Lymphosarcoma* 2. Plasmacytic
PROLYMPHOCYTE PROPLASMACYTE leukemia
1. Subacute lympho 3. Solitary
cytic Jeukemia plasmacytoma
2 Lymphosarcoma®

PLASMA CELL

LYMFHOCYTE 1
(large, 1 Chronic lymphocytic
medium,  leukemia
small) 2 Lymphosarcoma®

* The nodular manilestaion of eath of these diseases 13 guane folicular Yymphoma,



CHAPTER 19

STRUCTURE OF THE LYMPHOCYTIC
SERIES OF CELLS IN RELATION
TO DISEASE

JOHN W. REBUCK

The histologic appearance of the malignant lymphomas and related lym-
phocytic leukhemuas as scen in sections is now familiar to American patholo-
gists through the detailed reports of Warren and Picena,® Gall and Mal-
lory,®® Custer,® Richter,5® and Berman.? 2 The reader is urged to famlianze
himself with these works. Readily available is the text by Gall and Rappa-
port®® on diseases of the lymph nodes and spleen which summarizes in full
the necessary characterstics for assay of histologic sections of diseased lym-
phocytic tissues and at the same time brings home a growing conformity of
American pathologists’ attitudes toward classification of diseases of these
same tissues.

Table 19-1 outlines the origins of the lymphocytic sertes of cells and the
diseases pertarming to each cell type Cell types are designated i accordance
with Standard Nomenclature” whenever possible Such a straightforward
classification must be modified to include two further reports which ment
our studied consideration A vast experience wath lestons of this type during
the second World War led Custer and Bernhard!® to stress a not uncommon
mterrelauionship among cell types of the mahignant lymphoma group lead-
ing to the recogmtion of additional mixed types of malignant lymphomas
The mixed types, then, are a spectrum of any of the cell types in Table
191, reading up or down the lineages Of equal importance was the
re-evaluation of the follicular lymphomas by Rappaport, Winter, and
Hicks,# demonstrating that the cell patterns of the nodular growths could
be almost pure collections of any one of the five elements designated by
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functions: it can be free or in syncytium, it can shed 1ts cytoplasm 1n anti-
body formation as shown by Sabin® it can become more basophilic and
blastlike (Figs. 197 through 19-10) to become an hematopozetic reticulum
cell and thus form lymphoblasts and the enure lymphocytic series, or it can
become immediately phagocytic 1f need be and function as a fived or free
macrophage

RETICULUM CELLS

In Table 19-2 are listed some of the more important diseases affecting the
reticulum cell as a reticulum cell or affecting the monocytes and macro-

“Table 192. The More Important Diseases Affecting the Reticulum Cell

RETICULUM CELL
(Mesenchymal cell)
1 Reticulum cell
sarcoma
2 Hodgkin's disease
3 LeuererSiwe's
disease
4 Ewing's tumor?

MAcrOPuacE (Histiocyte) MONOBLAST
L Gaucher's disease 1 Acute monocytic
2. Niemann-Pick’s disease leukemia (Schilling)
8. Hand Schuller
Christian disease MONOCYTE
4. Whipple’s disease 1. Chromic monocytic

leukemia (Naegel))
(Myeloblast cell of origin)

phages which it 1s capable of forming In Figure 19-1 the mactive mother
cell of the lymphocytic tissues 15 shown with its large cell body measuring
from 15 to 25 x 1n diameter. The abundant cytoplasm of the inactne
reticulum cell may be pale to dark blue 1n color, and 1t may be homogeneous
or mottled with abundant, colorless, or slightly acidophulic hyaloplasm. The
cytoplasmic to nuclear ratio favors the cytoplasm Fine or large arurophilic
granules may or may not be present Its nucleus may be round, oval, or
reniform, but rarely 1s 1t mndented The nuclear membrane 15 moderately
thin, and the mactive reticular nucleus 1s small 1n size The chromatin pat-
tern of the nucleus 1s composed of an irregular network or stipple of violet
strands or granules; the nterstices are trregular, angular, and unequal 1n
size and are filled with a small amount of pink or blue parachromatin,
distinet from the chromatin None or from one 1o siv, nsually from three to
s1%, small, irregular or angular, poorly delimited, blue nucleoli can be
found In spite of 1ts inacuve appearance, 1t 1s immediately phagocytic
when needed The reader should consult Plate XXXI of Diggs’s atlas™? for
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an asterisk in Table 19-1 or again that the mixed type itself may be nodular
or diffuse in growth pattern, We agree that lymphoemas with a nodular
pattern should be integrated into the general classification of malignant
lymphomas by using any one of the accepted cytologic classifications for
cach lymphoma and adding the term “nodular” or “follicular” whenever
this is indicated by the prevailing architectural pattern. In this way the
prognosis as to longevity can be correlated not only as to cellular composi-
tion and cellular differentiation but also within each cellular group as to
the presence or absence of the generally more favorable nodular or follicular
pattern of growth. The reader should have access to descriptions of the
histologic architecture of the lesions of Hodghm's disease in the excellent
and detailed publication of Jackson and Parker.® Somewhat divergent
views from abroad may be examined m the texts of Lumb,* Marshall,®
Moeschlin,** and Bessis* in respect to the entire field of the lymphomas and
related leukemias

Usually the histologic pattern ol the lesions of the lymphocytic tissues
15 sufficient to establish therr benign or malignant nature whereas the atr-
dried unprints of the same lesions, staned hike blood smears, are often
needed for accurate identfication of predominant cell types. In this supple-
mental fashion the use of imprints after study of the sections 1s advantageous
and often necessary Berman® cautions, and it should be repeated, that im-
prints alone are usually madequate for establishing whether or not a lesion
1s mahignant unless brzarre and malignant cells are predominant because
many of the individual cells seen in mmprints from neoplastic lestons are
also present 1n reactive or even normal lymphogytic tissues Downey and his
associates?® % were the first m this country to popularize the use of imprints
of hematoporetic tissues to gain the more precise information to be obtamed
by 1nspection of air-dried films, nformation which 1s so readily correlated
with the great amount of information already accumulated for bone marrow
and blood cells by classtc hematologic methods There 1s a growing literature
on the utilization of the imprint techmc as an adjunct 1n the study of Iym-
phocytogenesis and neoplasms of lymphocytic tissues? 3 3335 40 43,45, 3355
67 59

It 15 the purpose of this chapter to describe the principal cells of the lym-
phocytic tissues as seen mn air-dried preparations of imprints or smears and
the disturbances to which they fall prey As far as 1s applicable, recommenda-
tions of the commuttee for clarification of nomenclature of the blood and
blood-forming organs will be utilized 7 In 1912 Downey and Weidenreich?®
crystallized evidence that the reticuloendothelial (RE) cells (reticutum cells,
mesenchymal cells, histiocytic system of cells) were the mother tissue cells for
the lymphocytes The mactive RE cell depicted n Figure 19-1 has many
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two conditions The lipid presents in a globular inclusion in Niemann-
Pick's disease, but it is noteworthy that the inclusions in Gaucher's disease
are in the form of colotless spindles throwing the unaffected basophilic
cytoplasmic areas into blue fibrillar-like arrangements. Cavanagh® has re-
cently summarized the avatlable knowledge of the chemistry, cytology,
and histogenesis of these and related conditions In this connection, imprint
studies of the affected cells in Letterer-Suve’s disease and eosinophilic granu-
loma, conditions somewhat related to Hand Schuller-Christian disease,
should afford greater insight into the true nature of these conditions.

3

Frc. 193 Phagocyuc reticulum cell, the lipid histiocyte of Hand-
Schuller Chrisuan disease Bone marrow. Leishman stan (x 1100)

- O ——

We have imprinted a single case of each Letterer-Stwe's disease and eosino-
philic granuloma of bone. In the former, rather uniform mononuclear, mn-
actne-appearing histiocytes apparently of reticulum cell orgin with pale,
homogeneous cell bodies were found in company with grant, polymorphe-
nuclear or mulunucleated pleomorphic malignant-appeating reticulum cells
In the latter, eostnophilic granuloma of bone, agamn umform, mononuclear,
inactive-appearing histiocytes very similar to those seen in Letterer-Siwe's
disease were but the mal ppearing giant reticulum cells
were not present and n their place were numerous eostnophilic granulo-
cytes.

Latest member of this group with accumulation of characteristic sickle-
form PAS-positive cytoplasmic particles mn the reticulum cells, again m
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excellent colored illustrations of macrophages with phagocytized Histo-
plasma capsulatum and Leishmania donovani. Figure 19-2 depicts a large
epithelioid renculum cell in a lymph node imprint obtained from a pattent
with catscratch disease. In forming the epithelioid cell of this disease,!
the nucleus has become larger and the nucleolar apparatus hypertrophied,
although the reticular chromatin pattern remains The cytoplasm has in-
creased 1 bulk and presents large pseudopodial processes suggestive of
secretory activity.

Fic. 192 Large epithehiond reuculum cell (center) surrounded by
small and medum-sized normal lymphocytes Lymph node mprmt
i catscratch disease Leishman stain (X 1100)

STORAGE RETICULUM CELLS

The reticulum cells may be the site of undue accumulauions of lipids
and other substances resulting in mulufocal prolferanve diseases of the
lymphocytic and connective tissues Charactenistic of this group 1s the Irpid
histiocyte depicted 1n Figure 19-3 The nucleus, which has remamed small,
as in the mactive form, 1s largely obscured by the liprd inclusions of Hand-
Sciniller-Christian disease which frequently consist of large quantities of
cholesterol lipids. The affected reticulum cells of Gaucher’s disease contan-
1ng excess cerebrosides and of Niemann-Pick's disease with excess sp)xxng?-
myelin have been ecarlier described and depicted 46 Plate XXX of Diggs's

work? has colored 1llustrations of typical hiprd histiocytes in these latter
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monocytic Jeukemia, The bizarre nuclear outlines apparent in some of the
malignant reticulum cells of Figure 19-1 should not alone be musconstrued
as diagnostic of monocytic di 1ation, If one 1 to make the diagnosis
of monocytic leukemia of the Schilling type, evidence for differentiation
to true adult human monocytic forms (estreme right of Fig 19-10) should
be established. Far more often the leukemic manifestation of reticulum cell
malignancy, although similarly classified i much of the literature as

F1c 195 A hmph node smprnt m Hodgkins disease showing
(bottom) & malignant reticulum cell, (center) 3 Reed-Sternberg celt,
and (top) a spindlc shaped endothelial cell Lershman stan (x 1100

“monocytic” leuhemac, is merely a leukemic outpouring of the malignant
reticulum cells depicted in Figure 1944 i considerable numbers 1nto
the pauent’s blood stream (Fig 199) Cases of this type 1 which the len-
kemic process 1s centered primanly 1n the malignant reticulum cells have
been reported and correctly designated by Ewald,®® Downey,'® and others
as leukemic reticuloendotheliosis With this background it 1s far more
reasonable to appreciate the rare “monocytic” leukemia complicating
Letterer-Siwe's disease or Hodghin's disease as a sumlar accesston of the
malignant reticulum cells basic to these conditions to the blood stream.
Characteristic of the imprinted lestons of the second reticular malignancy,
Hodghin's disease, are the gant, pleomorphic Reed-Sternberg cells, one of
which ts depicted 1n the center of Figure 19-5 All transitions are found
between this giant cell peculiar to Hodghin's disease and the atypical, large,
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multifocal proliferative condition, is Whipple's discase, excellent 1llustra-
tions of which, as well as the original description, are afforded by Sierachi3
Section studies of perpiheral lymph nodes supplemented by the imprint
method may now yield information of specific diagnostic importance in
this condition and in Hurler’s disease in which similar cells contaming
spindle particles have heen recently described.3

SARCOMATOUS RETICULUM CELLS

Beyond reaction, however, is retrculum cell sarcoma. As large as the
various malignant reticulum cells of this condition appear in sections, their

v =t 4

tmprint of reticulum cell sarcoma Leishman stain (x 1100)

bizarre, blastlike chromatn patterns. unusual nuclear configurations, and
their nucleolar multiplications can only be truly apprectated with the more
refined cytologic method seen i the lymph node tmprints of reticulum
cell sarcoma (Fig 19-4) In contrast to the reaction forms of the reticulum
cell (Figs. 19-1, 19-2, 19-3). the cytoplasmic nuclear ratio now favors the
hypertrophic mahignant reticular nucleus The cytoplasin 1s scant, varymgly
basophilic, and prone to vacuolar degeneration The leukemic manifestation
of reticular mahgnancy of this type 1s usually classified n the lnerature
as monocytic leukemia, and indeed differentiation to the monocyuc line
from the mahgnant retculum cell does occasionally occur (Fig 19-10 and
Table 19-2) and recerves the eponymic designation of Schulling’s type of
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monocytic leukemia. The bizarre nuclear outhines apparent in some of the
malignant reticulum cells of Figure 19-1 should not alone be misconstrued
as diagnostic of monocytic differentiation, If one is to make the diagnosis
of monocytic leukemia of the Schilling type, evidence for differentiation
to true adult human monocytic forms (extreme right of Fig 19-10) should
be established. Far more often the Jeukemic manifestation of reticulum cell
malignancy, although similarly classified in much of the literature as

Fi6. 195 A lymph node imprant 1n Hodghin's diease showing
(bottorn) 2 malignant reticulum cell, (center) a Reed Sternberg cell,
and {top) a spendieshaped endothelial cell Leishman stain (x 1100)

“monocytic” leukemic, is merely a leukemic outpouring of the malignant
reticulum cells depicted in Figure 19-4 in considerable numbers into
the patient’s blood stream (Fig 19-9). Cases of this type i which the leu-
Kemic process 15 centered primarily in the malignant reticulum cells have
been reported and correctly designated by Ewald,® Downey, and others
as leukemic reticuloendotheliosis With this background it 1s far more
reasonable to appreciate the rare “monocytic” leukemia complicating
Letterer-Sine’s disease or Hodglun's disease as a similar accession of the
malignant reticulum cells basic to these conditions to the blood stream
Characteristic of the imprinted lesions of the second reticular malignancy,
Hodglin’s disease, are the guant, pleomorphic Reed-Sternberg cells, one of
which 15 depicted 1n the center of Figure 19-5 All transitions are found
between this giant cell pecubar 10 Hodghin's disease and the atypical, large,
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mononuclear reticulum cell depicted at the bottom of Figure 19-5. These
background, malignant mononuclear cells bear a striking resemblance to
the reticulum cells of reticulum cell sarcoma depicted in Figure 194 They
are large in size and may present beginning Iobulation of their nucleus.
Their chromatin is arranged in small angular pieces but with distinct, inter-
vening, colorless parachromatin spaces. The nucleoli, unlike their large,
acidophilic counterparts in sectioned material, are small, round or irregular,

no- ST NS _-,,-,"Ic,-v
Y
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Fie 196 Imprint from supraclavicular lymph node showing
metastatic tumor cells from Lwing’s tumor 1n clavicle. Note resem-
blance to reticulum cells Leishman stain (x 1100)

and deeply basophilic. The cytoplasm 1s irregularly basophilic and moder-
ately abundant. Bmucleation of such cells leads to formation of the so-
called mirror-tmage reticulum cells Lobulation of the nuclet of these malig-
nant retrculum cells i Hodghin's disease increases until the nucleus 1s
grant, bizarre, and polymorphous (center of Fig. 19-5) It is to be noted
that the fine reticular chromatin network with 1ts chromatin-parachromatin
distinction 15 retamned n the fully developed Reed-Sternberg cell In im-
prints it will often be seen that each nuclear lobe 1s spotted with from s
to eght small, basophilic nucleol: instead of the one or two large acido-
philic nucleoli observed in histologic sections, However, even in imprints
the nucleoli may reach diameters up to 7 p, but they retamn their deeply
basophilic staining properties 15 The cytoplasm 1s abundant and consists of
flaky or granular basophilic maternal agamnst a colorless background
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Megakanyocytes of comparable size and development will be found in the
imprinted lesions of myeloid metaplasia and granulocytic leukemia. They
may be distinguished readily from Reed-Sternberg cells by the heavy, coarse
chromatin pattern possessed by the polymorphous, adult megakaryocytic
nuclens Furthermore, the megakaryocytic cytoplasm presents a dense azuro-
philic granulation either spread diffusely throughout the cell body or in
multiple focal aggregates prior to immmnent platelet formation.*s Finally,
Tisher and Hazard® have shown that megakaryocytic cytoplasm 1s strongly
positive for the periodic acid-Schiff method n contrast to the Reed-Stern-
berg cell.

The cell at the top of Figure 19-5 is an endothelial cell with its elliptical,
finely stippled nucleus and spindle-shaped, elongated cell body.

Pleomorphic, giant multinucleated or polymorphous malignant reticulum
cells are occasionally a feature of the lesions of reticulum cells sarcoma
and frequently are present in imprints of lymph nodes in Letterer-Siwe’s
disease, the third member of this series (Table 19-1). Although suggestive
of Reed-Sternberg cells, they never attam the complete characteristics so
well described by Reed® in her 1902 paper, a paper which merits reread-
ing.

A fourth member of this series 15 Ewing's tumor of bone. Figure 19-6
depicts the reticulum-like cells of this condition which were metastatic from
the clavicle of a 1i-year-old boy to a regional node and from there im-
prnted Ewing? suggested the “perivascular endothelium™ as the cellular
origin of lus tumor. Oberhing and Raileanu*! and Stout™® prefer to desig-
nate this tumor as a vanant of reticulum cell sarcoma on the basis of the
demonstration of reticulum cells as integral parts of them. Jaffe3! agrees
to these latter interprerations, sensibly suggesting that the name “Ewing’s
tumor” be retained, howezer, so that its distinction from primary reticulum
cell sarcoma may be maintained.

METASTATIC TUMOR CELLS

Metastatic, anaplastic carcinoma cells present nuclei which may closely
resemble malignant reticulum cells in imprinted preparations. This is an.
other reason why the use of imprints 15 supplemental to the study of the
hustologic pattern 1n which the metastatic nature of the cell clusters 1s more
often clearly 1dentifiable. The reader wiil hase no difficulty m making
imprints of available tumors metastatic to regional nodes Sheets of mo-
notonously patterned, anaplastic cells, unrelieved by the presence of any
members of the lymphocytic series, extreme degrees of pleomorphism in
clustered cell groups, and idenufiable secretory or granular cytoplasmic
products attest to the epithelial nature of metastatic tumor cells in imprints,
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Metastatic nonreticular sarcoma cells may simulate reticular mahgnancy
even more closely. In one such case that we have studied, the diagnosis
of prunary pleomorphic reticulum cell sarcoma was finally rejected only
because of the demonstration of mmprinted strap cells bearing the unmistak-
able cross-strations of the parent rhabdomyosarcoma

BLOOD-FORMING RETICULUM CELLS

In the foregoing we have described the cellular changes in some of the
more important conditions affecting the reticulum cell as a reticulum cell or

7

Ttc 197 Hematopoietic reticulum cell (center) {rom a lymph nade
imprint 10 infectious mononucleasts Compare with 1nactne reticulum
cell of Frg 19-1 and reactive reticulum cell of big 192 Leishman
stain (X 1100y

affecting the macrophage ta which 1t 15 capable of transforming Heterol-
ogous lymphocyte formation by the reticulum cell (RE cell, mesenchymal
cell, histiocyte) 15 also d d as heterologous lymphocytop s It con-
sists of a change from the relatiely mactne-appearing ussue RE cell (Fig
19-11) to a free, acuve, blood-forming RE cell (Figs 19-7, 19-8) and only then
to the lymphoblast (Fig 19-11) Most flow sheets derne the lymphoblast
directly from the RE cell (stromal connective tissue cell), omrtting relerence
to, and discussion of, some necessary itermediate (blood-forming RE cell)
as the smaller, mactive RE cell nudeus becomes larger and changes from
the coarser connectine tissue nuclear pattern to the ftner stipple or network
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of the blast and as 1ts extensive cytoplasm retracts freeing the cell and
increasing its basophilia but depressing the cytoplasmic-nuclear ratio. In
the study of hematopoiesis in the hone marrow after the fetal period and in
the study of peripheral blood cells, such an oversight is understandable
because nonlenhenue, heterologous blood formation from reticulum cell
through hematopuictic RIL cell to the myeloid elements requires an almost
cataclysmic sumulus {e g, atomic radiation,* untreated subacute bacterial

he 198 Hematopoietic vetrculum cell (fop center) from a lymph
node imprint ;n mfcetious monomucleosss Ths reticulum cell 15 well
on ats way to bloat ¢elb formation Leshman stan (X 1100)

endocardius'®) for its demonstration in these locations In contrast is the
ease with which heterologous lymphocyte formation can be followed 1n
Iymph nodes responding to even moderate antigenic stimuh or to stimuli
responsible for lymphocyte formation Imprints of any node reacting to
such stimuly, and the majonty of otherwise “normal” nodes are so reacting,
wilf yreld for study examples of all stages m the transformauon of nacune
reticulum cells first to hematopoietic reticulum cells and only then to lym-
phoblasts

In the transformation of the nactive or undifferentiated reuculum cell
(Fig 19:1) to the cell capable of forming bload cells, the first change 1s the
eniargement of the nucleus and an accentuation of the chromatin pieces
forming the srregular network or stippled pattern wath its now larger but
still irregularly outlined, colorless parachromatin interstices (Fig 19-7) The
cyptoplasm then retracts and becomes increasingly basophilic (Fig 19-8),
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the chromatin pieces become smaller and finer, and the resultng cell at this
stage manifests its blood-ccll-forming propensities. The poorly delimited,
irregularly outlined nucleoli usually remain small in the nonleukemic
transformations (Figs. 19-7, 19-8) but may become unduly prominent (Fig.
19-9) when the heterologous change is leukemic in nature. The hemato-
poietic reticulum cell has been descriptively labeled “hemohistiocyte”
by Ferrata.®?

Fic 199 Hematopoietic reticulum cells that were also leukemic
Bone marrow of so called acute monocytic leukemia Leishman stan
(x 1100)

LEUKEMIC BLOOD-FORMING RETICULUM CELLS

Ewald® first described a leukemic process centered at the hematoporetic
RE cell stage, and Downey's followed with excellent descriptions of the
blood-forming RE cell in leukemic and nonleukemic environments If the
feukemic process consists of an overgrowth of leukenmuc hematopotenc RF
cells without further differentation toward any or the blood cell lines, then
Ewald's and Downey's descriptive term “leukemuc reticuloendotheliosis™ ap-
plies, although the term “reticulum cell leukemia™ 1s equally as descriptive
and is more informative of the true nature of the condition than Aschofl's
suggestion® of “histiocytic leukemia " The Itahan designation of femo-
histioblastic leukemta is a good descriptive term emphasizing that the Teu
kemic process is centered between the tissue cell and the stem cells of the
blood. Less [ortunate 1s the term “monocytic leukemra” wlich has become
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entrenched in the American literature as a designation for the leukemic
overgrowth of blood-forming RE cells

In lethemias in which differentiation does not progress beyond the
hematopoietic R cells (Fig 19-9), the nucleus retans the reticulated or
stippled pattern of its nonleukemic counterpart, the nucleus is larger than
that of lymphoblasts or myelablasts, and the cytoplasm is similarly much
more abundant than the cell body of either the leukemic lymphoblast or
myeloblast. Azurophilic granulation may be present or absent. Often the

Fio 1910 Hematoporetic reticulum cells that were also leukemia
Lut show all stages of transformation to true monecytes at far right
Bone marrow of true acute monocytic leukemia, Schilling type
Leishman stun (x 1100)

large cell body fails to round up and drags along a broad tail or cyto-
plasmic streamer Malignant Jobulation of the nucleus can easily be mis-
mterpreted as abortive attempts at monocyte formation (top cell of Fig
199). It is very rare for the cells of lenkemic reticuloendotheliosis (histio-
tytic leukemia) to show differentianion 10 mature human monocytes (Fig
18-10) When such a rare case occurs, 1t 1s correctly designated as monocylic
leukemic rvetriculoendotheliosis or actite monocytic leukemia (Schilling).
More often, however, 1f the leukermc RE cells show some differentiation to
recognizable blood cell lines, such dufferentiation 1s manifested by grotesque
granulocyte formation on their part The resultant granulocytes are charac-
terized by their large size, reticulum cell nuclear patterns, bizarre or malig-
nant nuclear lobulation, but with thew tellale, specific cytoplasmic
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granulation, commonly neutrophilic, less frequently eosinophilic or baso-
plulic. So common is this tendency of the leukemic RE cell to bizarre
granulocyte formation that the nuclear lobulations mistakenly interpreted
as “monocytic” in connotation are more often evidence of precocious granu-
locytic nuclear segmentation prior to specific granule formation. It has thus
come about that in rccent years granulocytic leuhemic reticuloendotheliosts
(i e., a monocytic leukemia with leukemic granulocytes) has been recognized
under the term “myelomonocytic leukemia.”

Fic 1911 Central group of two lymphoblasts and a prolymphocyte
as well as a medium sized lymphocyte in mitosts from a lymph node
imprint 1a infectious mononucleoss Leishman stain (x 1100)

Less common than granulocytic leukemic reticuloendotheliosis 1s the
feukemic process in which the hematopoieuc RE cells show some differentia-
tion to leukemc erythroblasts, and thus erythrocytic leukemic reticulo-
endotheliosis 15 a frequent type among the rare group of the acute
erythrocytic leukemias

It 15 interesting that lymphocyuc leukemic reticuloendotheltosts, 1e., 2
leukemta 1n which the hematopoietic RF cells show obvious differentiation
to immature lymphacytes (lymphoblasts and prolymphocytes), 15 less com-
mon than 1ts granulocytic counterpart (myelomonocytic leukema) If suc}x
an admixture of hematoporetic RE cells and mmmature lymphocytes is
mfrequent 1n the leukemas, the opposite 1s the rule in tl}e malignant
lymphomas of a comparable degree of mmmatunity Thus, in malignant



Structure of Lymphocytic Series of Cells in Relation to Disease 275

lympl of the lymphoblastic cell type (Fig 19-12 and Table 19-1), 1t 1s
rare indeed il l\cm:xmpulcuc RY cells of a mahgnant nature are not readily
discernible in the imprints of affected nodes, spleen, or other organs in-
vohved.

LYMPHOBLASTS, NONLLUKEMIC

In reactive heterologous lymphocytopotests studied in imprinted material
stained like blood smears, the resultant of the transformation of the inactive
reticulumn cell to a blood-forming reticulum cell 1s 2 nonleukemic lympho-
blast The term “nonleukenne lymphoblast™ 1s used here because the lym-
phoblast described and depicted . most textbooks of hematology is a
leukemic lymphoblast as found in the blood of the acute lymphocytic
leukemias The nonleukemic lymphoblast (left immature cell of Fig 19-11)
of the lymphocyte-forming tissues at first shares in the abundant cytoplasm of
uts precursors, bur it gradually presents only a moderate band of varymg
shades of pale to dark-blue color. Azurophilic granules are usually absent.
The nuclear pattern is surprisingly sumilar to that of the blood-forming
reticular cell nucleus with an irregular networh of hight-violet stipples or
particles of chromatin sharply set off from colosless interstices, themselves
uregular, angular, and unequal in sire The nucleol, which are always
present, may be masked by the chromatin or as many as five nucleolt may
be found, usually however, one or two pale-blue, round nucleols are present
The nuclear membrane 1s thin, thimner 1n fact than the nuclear membranes
of the cells preceding or succeeding 1t 1 lymphocytopoiesis (Table 19-1) By
Teason of its larger size and reticular nuclear pattern, the lymphoblast of
reactive lymphocytic tissues could be aptly designated a reticular lympho-
blast

LYMPHOBLASTS, LEUKEMIC AND
LYMPHOSARCOMATOUS

In contrast to the cell described abose, the leuhemic Iymphoblasts of
the acute lympliocytic leukemtas are usually smaller and possess a nuclear
pattern indistinguishable by ordinary staining methods from the myelo-
blast or stem cell of the marrow elements In this nuclear pattern, well
illustrated i any textbook of hematology, the chromatin 1s arranged 1n
fine strands or stipples with very regular but small mnterstices of colorless
parachromatin in which are embedded none or from one to five pale-blue,
round, or oval nucleol: It 15 paradoxical that the leukemic lymphoblast
usually presents a neater, finer, more orderly chromatin arrangement than
its normal counterpart

At times the lymphoblasts of lymphocytic leukemia structurally resemble
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the reticular lymphoblasts as found in normal Iymphocytopoiesis (Fig.
19:11), instead of resembling myeloblasts. This finding necessitates recog-
nition of the possibility of encountering reticular lymphoblasts m an occa-
sional case of Iymphocytic leukemia in place of the lymphoblasts resembling
myeloblasts in the ordinary case of acute lymphocytic leukemia, The former
finding is especially true when hematopoictic RE cclls are directly involved
in the leukemic process together with the Iymphoblasts (lymphocytic leu-
kemic reticuloendotheliosis).

Fic 19.12 Lymphoblasts (left), lymphocyte (center), and prolympho-
cvtes (right) m a lymph node imprint 1 lymphosarcoma, lympho-
Llastic cell tvpe Leishman stain (X 1100)

In our experience the Iymphoblasts of malignant lymphoma or lympho-
sarcoma of the lymphoblastic cell type (1mprinted 1n Fig. 19-12) more closely
resemble reticular lymphoblasts

We are now i a position to appreciate the additional fact that bizarre
or mahgnant nuclear lobulation or indentauon at times can be super-
mmposed etther on tite leukemic Jymphoblast with myeloblast-like nuclear
pattern or on the reticular lymphoblast whether 1t 15 leuhemic or lym-
phomatous Because of the foregoing, the leukemic lymphablast presents
itself m the peripheral blood with bizarre nuclear indentation or without
1t, with a myeloblast-hike nuclear pattern or with one resembling a reticulum
cell nucleus, heavily nucleolated, moderately nucleolated, or wich masked
nucleoli Rather than designate cells exhibiting one or the other of these
wnusual structural features as “lymphosarcoma” lymphoblasts, we prefer to
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designate leukemic manifestations of malignant lymphomas as lewkemia at
that stage when the marrow or blood shows more than token evidence of
involvement by the affected cell type.

PROLYMPHOCYTES

In homologous lymphocyte formation, fymphoblasts form additional Iym-
phoblasts by mitosis or transform into immature lymphocytes intermediate

¥ic 19 18. Three prolymphocytes {tofs center) surrounded by small
and medium sized adult lymphocytes from a lymph node sn infectious
mononucleosss, Note the small lymphocyte (center) 1 mitosis
Lesshman stam (x 1160)

in differentiation between lymphoblasts and mature lymphocytes (Table
19-1). These intermediates are termed “prolymphocytes” (Figs 19-13, 19-14,
19-15). They may be the size of smaller lymphoblasts or may approach the
size of the largest of the mature lymphocytes The cell body usually con.
sists of a very marrow band although occasionally it 1s larger It possesses
any degree of basophihia from pale to dark blue The most important dis-
tinguishing feature of the prolymphocyte is the finding in some nuclear
areas of a fine network of chromatin strands still distinct from the colorless
parachromatin interstices, Such immature areas blend imperceptibly with
nuclear areas, showing industi coarse, clumped cl masses (Fig.
19-13) In other words, the chromaun pattern of the prolymphocyte is too
coarse to qualify as lymphoblastic and too fine and sufliciently massed to
be designated as mature Occastonally a nucleolus is unmasked, but this
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feature is of less diagnostic value than the immaturity of the nuclear pattern.

The finding of prolymphocytes as the dominant lymphosarcomatous type
in a lymph node imprint of tissue histologically indicative of malignant
lymphoma points to a cytologically subacute course. This 1s of practical
importance because the lymphosarcoma cells in sectioned material may ap-
pear to be smaller and more mature than careful inspection of the same
lesion imprinted will warrant. For example, sections of the giant follicular

Fic 1914 A large group of malignant prolymphocytes from a
tymph node smprmt mn giant folkicular lymphoma, prolymphocytic
cell type Leishman starn (X 1100)

lymphoma imprinted 1n Figure 19-14 revealed that the nodules of the
lymph node lesions were composesd of small, seemingly mature lympho
cytes, suggesting a relatively favorable prognosts Study of the lymph node
imprmnts, however, revealed a finer stippled chromatin pattern (Fig 19-14),
dragnostic of 1mmature lymphocytes (prolymphocytes), than had been an
trcipated, and a less favorable prognosts was indicated

Predommance of prolymphocytes 1n a lymphocytic leukemic picture (Fig
19-15) 15 diagnostic of a subacute lymphocytic leuhemia Without specific
therapy, subacute lymphocytic leukemia carries from six to twelve months
survival time, whereas chronic lymphocytic leukemia affords a longer sur-
vival time, sometimes considerably longer Reference to Table 19-1 recalls
another equally valid cellular distribution for a subacute lymphosarcomatous
pracess or for the prcture of subacute lymphocytic leukemia, and that 1s the
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finding of a roughly equal admixture of lymphoblasts, prolymphocytes,
and mature lymphocytes

MATURL LYMPHOCYTLS

Prolymphocytes normally can form other prolymphocytes by mitosis
(Table 19-1) or can transform 1nto large, medium-sized, and small mature
or adult lymphocytes {cf peripheral coarsely nucleated cells in TFigs 19-1,

Fic 1915 A group of lcuhcmua prolymphocytes from the blood in
a case of subacute lymphocytc feukenma Letshman stun (x 1100)

19:2,19-18) Students of this field do not question the ability of the rettculum
cell, lymphoblast, prolymphocyte, and large adult lymphocyte to undergo
mutotic division That the ! 1 and small leukemic and non-
malignant lymphocytes are similarly capable of reproducing themselves has
been disputed or denied It 1s now known that because of the unespectedly
long hife span of the mature lymphocytes revealed by the radioisotopic
investigations of Ottesen** and Hamlton,#* mitouc figures among these cells
are not numerous and do not need to be However, study of imprnted
lymph nodes 1n nonmalignant conditions affords ample opportunuty to
demonstrate mitoses 1 medm-sized (Fig 19-11) and small, mature lym.
phocytes (Fig. 19-13 between the two central prolymphocytes)

In the lymphocytic ussues large, medium-sized, and small, mature or adult
lymphocytes will be found Normally only the medim-sized and small,
mature lymphocytes are present i the blood Size, however, 15 a relatively
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feature is of less diagnostic value than the immaturity of the nuclear pattern.

The finding of prolymphocytes as the dominant lymphosarcomatous type
in a lymph node mmprint of tissue histologically indicative of malignant
lymphoma points to a cytologically subacute course, This is of practical
importance because the lymphosarcoma cells in sectioned materal may ap-
pear to be smaller and more mature than careful inspection of the same
lesion imprinted will warrant. For example, sections of the giant follicular

Fic 19-14 A large group of malignant prolymphocytes from a
1. 1 h

fymph node mmprint m giant foll p prolymphocytic
cell type Leishman stam (x 1100)

lymphoma 1mprinted 1n Figure 19-14 revealed that the nodules of the
lymph node lesions were composesd of small, seemngly mature lympho-
cytes, suggesting a relatively favorable prognosis. Study of the lymph node
mmprints, however, revealed a finer suppled chromatmn pattern (Fig 19-14),
diagnostic of immature lymphocytes (prolymphocytes), than had been an-
ticipated, and a less tavorable prognosis was mdicated

Predominance of prolymphocytes i a lymphocytic leukemic picture (Fig
19-15) 1s diagnostic of a subacute lymphocyuc leukemia Without specific
therapy, subacute lymphocytic leukemia carrres from six to twelve months
survival time, whereas chronic lymphocytic leukemia affords a Jonger sur-
vnal time, sometimes considerably longer Reference to Table 19-1 recalls
another equally vahd cellular distribution for a subacute lymphosarcomatous

process or for the pacture of subacute lymphocytic leukemia, and that 1s the
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type, the chronic lymphocytic leukemias, and most of the lymphomas and
leukemias comphicated by Waldenstrom's syndrome. In diagnosis of the cell
type in any of these conditions, attention is again directed chiefly to the
nuclear chromatin pattern which is heavy and coarse and without evidence
of immaturity. Nuclear and cytoplasmic vacuolation is nat mlrequent. The
mature nuclear pattern in any of these conditions may be further compli-
cated by bizarre nuclear indentations (Fig. 19-16), a complication which we
have described in each succeeding member of heterologous and homologous

_ﬁf—-’ [ samnatinteen el

Fic 1917 A reticular plasmablist (nght) and three proplasmacytes
from bone marrow in multiple myeloma Leshman stam (X 1100)

lymphocyte formation, Lven less frequent 1s the presentation of a large
cell-bodied, atypical but mature leukocytord lymphocyte (see below) as the
predominant cell type of chromic lymphocytic leukemia, This unusual
Jeukerma would seem to present almost nsurmountable difficulties for
differentiation from the reactive lymphocytosis of infectious mononucleosis
if it were not for the fact that chromc lymphocytic leukemia 15 almost never
found 1n children and young adults and 1s additionally lacking in the typical
serologic results of the antibody (not absorbed by Forssman antigen but
absorbed by bovine red cells) so prevalent in infectious mononucleosis.

LEUKOCYTOID OR ATYPICAL LYMPHOCYTES

These charactenstically mature but atypical lymphocytes, unlike normal
large lymphocytes which in spite of their greater diameter mamtain the
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unimportant feature in distinguishing these cells from immature lympho-
cytes Attention must be paid to the nuclear pattern in which large, coarse,
dark-purple chromatin blocks blend imperceptibly with the colorless or
light-blue parachromatin (periphery of Figs. 19-1, 19-2, 19-18). There is little
or no chromatin-parachromatin distinction, although larger amounts of
parachromatin are present in the nuclei of the larger mature lymphocytes
Nucleoli are completely masked, but too much pressure applied in imprint-

[ -

16, .

Fic 19-16 Leukemnc adult Iymphocytes from the blood in a case of
chronic Iymphocytic leukemia Note brzarre nuclear indentations
which may connote malignancy but do not wdenufy degree of il
ferentiation since similar bizarre nuclear configurations are present
n the retculum cells of Fig 19-4 and the prolymphocytes of Figs
19-14 and 19-15 Leishman stun (X 1100)

ing lymphocytic tissues or in making blood smears will readily unmask the
nucleol: present m even mature lymphocytes The nuclear membrane 15
thick and heavy Normally, even n the larger adult forms, there 1s only a
narrow or moderate band of pale to dark-blue cytoplasm Large amounts of
cytoplasm 1mmediately place the mature cells mto the class of atypical
lymphocytes (see below) Round, red, relatively large, but sparse azurophilic
granules may or may not be present. Normal, mature lymphocytes may
present some nuclear ndentation, although extreme degrees of nuclear
lobulation suggest atypism or even malignancy

Malignancies of mature lymphocytes include diffuse lymphosarcoma of
the lymphocytic type, grant follicular lymphoma of the lymphocytic cell
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that they serve to recapitulate current concepts of heterologous and homol-
ogous lymphocyte formation {Table 19-1). Sabin® presented evidence for the

rticipation of the reticulum cell 1n antibody formation Just a Litde earlier
Kolouch* 3 associated heterologous plasmacytopoiesis from the reticulum
cell with antibody formation responding to repeated antigensc stimuli
Fagracus,?* Coons® and Ehrich*® further established the close association of
homologous plasmacytopoicsis with antibody production, usually after re.
peated antigentc stimulation Dougherty, White, and their associates,) 1
the Harrises,®™ ** ¢ and Wesslen® have demonstrated homologous lym-
phocytopoiesis and the lymphocyte as a cellular source of antibodies usually

Table 19 3. Antibody Formation

RETICULUM CELL (Sabin) MAcropHAGE (Roberts, Dixon)
(Kolouch)
LASMABLAST
PROLYMPHOCYTE FPROPLASMACYTE

(Roberts, Diton)

TE LASMA €L (Fagraeus, Coons,
(Harises, Dougherty, Ehrich)
White, Rebuck, Wesslen)

(Campbell, Good)
MACROPHACE

in response to a single antgenic stimulus Roberts, Dixon, and Wesgle™ have
shown further that transferred lymphocstes are capable of antibody forma-
tion but transform 1nto plasma cells in the process Fmally, Campbell and
Good and Roberts and his associates™ have similarly demonstrated the
transformatjon of sessile macrophages (histiocytes) 1nto plasma cells con-
current with their production of anttbodies Had this iformation been
avatlable to earlier workers, 1t would have been apparent that multiple
myeloma is but a malignant caricature of heterologous plasmacytopoesis
m which the reticulum cell forms malignant reticular plasmablasts and
proplasmacytes diagnosuc of this conditton (Fig 19 17) Inherent abnormali.
ties of gloubulin formation are thus warranted Similarly, i our expen-
ence Waldenstrom’s syndrome complicating lymphocytic malignancies of the
mature lymphocytic cell type 1s explamned by retention on the part of the
teukemic or majignant adult lymphocyte of its propensity for plasma cell
formation (Fig 19-18) 1esulting m excess globulin formation even xhough
in such cases the globulin formed 15 a giant polymer
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low cytoplasmicnuclear ratio of the small mature lymphocytes, have a
overabundance of cytoplasm as thewr most outstanding feature (cf. Chapte
11) The increased cytoplasm may be pale tn color, deeply blue, or 2 mixtur
of the two shades, The basophilic material may radiate in spokelike fashiol
through the paler ccll body. It may or may not contain round, purpl
azurophilic granules Such granules, 1f present, may be small or large
sparse or numerous. Vacuoles may be present. The nuclear pattern may b

Fic 1918 A central group of plasma cells Al stages of transforma-
tion from the surrounding lymphocytes to plasma cells are present
Bone marrow showing chronic lymphocytic leukemia complicated
by Waldenstrom's syndrome Leishman stam (x 1100)

identical to that of the normal lymphocyte, or the pattern may be coarser, 1f
possible, with larger chromatin blocks apparent. Vacuoles may be present
m the nucleus The nuclear membrane ts thick, and the nucleus s
eccentrically positioned

A small percentage of such atypical or leukocytoid lymphacytes may be
present in normal individuals,®® increasing percentages, however, are char-
acteristic of (but not dragnostic of) infectious mononucleosss,'™ viral hepa-
tius, 3 adrenal hypocorticism,™ and m rare mstances chronic lymphocytic
leukemia as described above

CYTOLOGY OF ANTIBODY FORMATION

If the expermmentally documented concepts of the cellular lineages mn
volved 1n antibody formation are outlined (Table 19-3), it will be found
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protein secretions Protein or glycoprotein secretions may be precipitated as
intracytoplasnuc colorless or red crystalloids, or they may be present as pale
or dark-bluc globules or rarely as acidoplulic round structures Such globular
inclusions, regardless of their staining reactions in imprints or marrow
smears, probably correspond to the acidophilic Russell bodies 1n tissue sec-
tons The finding of red-stainmg cytoplasmic buds at the periphery of the

cell body has eliated the descriptive term “flaming plasma cell
Malignant structural features comprise the customary cellular signs of
this change and mclude nuclear and nucleolar gigantism, bizarre nuclear
lobulations, and abnormal mitoses The type of secretion is not helpful in
this respect when examined within the cells themselves by ordinary methods.
Of more importance for the diagnosis of a malignant plasmacytosis is the
finding of pi Dbl and propl ytes (Fig 19-17) with
(hspropomonately small numbcrs of adult plnsma cells. In contrast, the re-
ncu\'e plasmacytoses of antibody formation {eg., infection, amyloidosis,
1 1 lupus eryth are characterized

Tl id arthritis, diss
by the presence of numerous adult Marschalko type plasma cells in the com-
pany of only small percentages of their immature precursors. It is in such
population analyses that imprint studies show their greatest value.

LYMPHOCYTL FORMATION OF PLASMA CELLS

The formation of plasma cells by lymphocytes (Fig. 19-18) appears to be
accompltshed by gradual hypertrophy of the narrow cell body, As the cyto-
plasm increases, the basophiha deepens The nucleus hecomes eccentric, and
the diffusely coarsened chromatin aggregates into blocks Concurrently the
nonstaining cellular organelles mass into a focat area about the cell center to
form an irregularly clear area known as the hof. All transitional stages may
be seen 1n the central cells of Figure 19-18 Experimental evidence in animals
demonstrates that lymphocytes are undoubtedly capable of forming plasma
cells, but in doing so they first formed macrophages in Campbell and Good’s
work® and “transiional” cells in Roberts’ espernments (Chapter 7). Ob-
viously further studies of imprinted reactive plasmacytoses withmn the lym-
phocytic tissues of man together with simultaneous plasma and cellular
protein analyses are inchicated

SUMMARY

Cellular descriptions of each of the members of the lymphocytic and
plasmacytic series have been gien as they appear i imprinted Ppreparations
of the lymphocytic tissues, marrow aspirates, and blood smears These com-
prise the mactive reticulum cell, the blood-forming renculum cell and
blasts, and intermediates and resulting adult cells which are formed
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RETICULUM CELL FORMATION OF PLASMA CELLS

The major structural changes in the transformation of the reticulum cell
to the (reticular) plasmablast are noted in the cytoplasm (Fig. 19-17, upper
right). The customarily pale cytoplasm of the inactive reticulum cell becomes
more basophilic at first near the enlarging cytocentric region and then gradu-
ally throughout the entire cell body. The cytoplasmic organelles, which do
not stain with ordinary blood stains, show a beginming tendency to aggregate
in the region of the cytocentrum which emerges as an indistinct and paler
area (hof) in close association with the eccentrically placed nucleus Azuro-
philic granules are exceedingly rare. Evidence of peripheral cytoplasmic dis-
solution is commonplace. The round or oval eccentrically placed nucleus
has a thin nuclear membrane and a chromatin pattern of fine chromatin
strands arranged in an irregular network with distinct pink or yellow
parachromaun mterstices. The nuclear pattern closely resembles that of
the 1nactive reticulum cell nucleus (Fig 19-1) but has thicker chromatin
strands; none or from one to six blue nucleol may be present.

An mtermediate stage, the proplasmacyte, intervenes between the retrcular
plasmablast and the mature plasma cell. The proplasmacyte (Fig. 19-17, left
and top center) has abundant cytoplasm but usually less than the plasma-
blast Wath shrinkage of the cytoplasm, its basophilia becomes more prom-
ment Aggregation of cytoplasmic organelles in the region of the cytocentrum
can result 1n a clearer perinuclear area (hof) than in the plasmablast
Peripheral cytoplasmic dissolution (cytoplasmic shedding) may sull be prom-
nent The round or oval nucleus remains small and eccentric The nuclear
membrane 15 thickening The chromatn pattern shows coarsening and
thickeming of the renicular network, however, irregular mterstices of
parachromatin are sull distinct. One or two nucleoli may still be visible al-
though they may be masked

With the transformation to the adult or Marschalko type plasma cell com-
pleted, the cytoplasmic-nuclear ratio still favors the cytoplasm m many cells,
although the cytoplasm 1s less abundant than in the proplasmacyte. Typically
the deep-blue cytoplasm has a large, pale-staining perinuclear area, the hof
Peripheral cytoplasmic dissolution may persise hut s less pronunent The
eccentric nucleus possesses a thick nuclear membrane The chromatn shows
further condensation The coarse chromatin masses are arranged n irregular
clumps and tend to pyknosts The parachromatin 1s small 1n amount but dis-
unct 1n the few remaming mnterstices of the chromatn unul pyknosis super-

venes. Nucleolt are no longer visible
Nommalignant variations of the plasma cell compnise nuclear budding,
binucleation or multinucleation, vacuolation, and svarious types of

orderly
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Their variations in diseases have been described within the present limits
our knowledge. Utilization of such cellular analyses, which this material pe
mits, will provide a useful supplement to the histologic study of diseases «
the lymphocyte.
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fulminating course of, 216
histopathology, 232
hyperhemolytic ssndrome, 219
matrow role n, 219 222
patural  hstory  of, therapy  affecting,
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metabelic enzymes 1n, 20



302

Index

Lymphoma, lymphocytic (€
after mycosss fungodes, 189
transitions 1n, 184
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Mucopolysacchanides, in lymphocytes, 38
Mumps, lymphocytosis 10, 149
Murphy, J B, 100, 135
Murray, R G, 137
Mjyasthenia graves, hmphocytoss in, 149
Mjycosis, dissemsmated after Hodglin's marrow
lesion, 245
fungojdes, transiions 1, 189
lymphocytic vmphomas with, 252
\yeloblast, leukermc, 273
n myelogenous leukemia, 16
nucleoplasm 1n, electron microscops of 6
Myelocytes, formation of, 24
\Myelogenous leukermia, chronic, sunsal in, 212
differential diagnosis, 225
unusual cells i, 16
Myeloid cells, in Ismphatic leukena, chronic,
216

10 mastocvtoma, canine, 168
Mieloid malignancies 1n birds, 163

n lumphocytic Wmphemas 218
1n hmphosircoma 230
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Neutrophil, cireulating, number of, 148
enzyme activty 1, 197
1 Hodghin's discase, 232, 239, 215
n mflammauon, 74, 79
Jeukemic, enzyme actisaty 1n, 197, 198
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Pertussis, hmphocytosis in, 149
Petter, ] D, 213
Peyers patches, after adrenalectomy, 116
Phagocytosis, by Imphocites, 71, 7274,
79. 80
of lymphocytes, after radiation, 130
of nuclear and o toplasmic materal, adreno.
corucal hormones affecung, 112, 120
radiauon affecting, 131
by retscular cells, 3, 263
histochemical analysis of, 9
Phase contrast microscopy 28 33
Phosphamudase activizy, 46
in hmphord diseases, 198
m nosmal lymphoid elements, 196
Phosphatases, acid, 42
alkaline, 41
m hmphoid diseases 198
and nadi indophenol reaction 46
m normal hymphow! elements, 196
and sulfhvdry] group changes, 38
Phosphelipids 10 lymphoblasts, 41
Phosphorus, radioactive See Radiophosphorus
Phosphorylase actity, 44
m hmpbod dlements 199 200
1n hymphosascoma and leukemia, 39
Photomicrographs, with phase contrast micro
scopy. i studies of radiation eflects, 125
Picena, | P, 218, %60
Picryl chlonide, by persensitinaty to, transter of
10

76,

1z, mahgnant hmphacitic disease i, 162163

Prsciotta, A, 2|
Pmmary, lymphocitesis m by popiiuigarism

Plaxm:l (ells. 1

in agammaglobulincma 15

antibodies 1n, 46

y exudate, 71
m bmphzuc leukemia, chromic, 219
Ismphocyte formation of, 283
Marschalko, 23¢
1 medultary cords, after grafung, 102
and monocyte mtergrades, 63
peireticular posttion of, 4, 18
pernascular, 13
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