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PRLETACL

Thts book w1s wntten 1t the myitation of the Scientific
Advisory Commuttee of the Lady Tatr Memonnl Trust,
and 15 published under the Trust’s authonty

The Trust was founded 1n 1932 by the late Sir
Doraby Jamsetp Tatn of Bombay, m memory of his
wife, the late Lady Tata CBE  After pryment of
the adminustratne cxpenses one fifth of the mcome 1s
devoted to the encouragement—by  scholarships or
prizes—of scientific research by Indiins on any problem
which bears directly or indirectly upon the relief of
human suffering  the remunder 1s allocated, under
normal condtions, 1n the form of grants or scholarships
to worhers of any nationahty and in any country of the
world for research on diseases of the blood with special
reference to levhamia  In making the special awards
to Indinns the Trustees are advised by an Indin
Commttce under the chawrmanship of Dr R Row
OBEL, in Bombay, and m allocaung the funds for
mnternational rescarch on blood diseases they have the
assistance of the Scienufic Advisory Commuttee whose
headquarters are in London the membership of the
latter Commuttee 1s grvenon p n

Since the inception of the Trusts work mn 1932, a
great volume of important reserrch on blood diseases
has been supported m many different countries  Among
workers thus assisted whose studies have related directly
to the problems of amimal leuhzzmia mentioned 1 this
book have been Dr Engelbreth Holm, Dr L Doljanshi,
Dr Kaalund Jorgensen and Dr Jorgen Bichel m
Denmark, Professor Ch Oberling and Dr M Guenin
m France, Dr W Bungeler in Germany Dr P A

v
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Gorer, Dr M C G Israels and Professor | MeIntoshm
Great Britam, Professor K Jarmai m Hungary,
Professor E Storti i Italy, and Professor Eugene
L Opie and Dr Jacob Furth in the USA  The
followmg pages give plentiful evidence of the out
standing contributions made by research workers
thus assisted by the Trust to the development, by
expertmental methods of our present hnowledge of the
disease

The problem of leukarma—difficult if not impossible
to investigate experimentally m man-—s perhaps even
more susceptible than the related problem of cancer to
observational and ewperimental research 1 ammals
In addition o the fond leuhemias, with ther suggestive
analogy not only with the mahgnant tumours of fonls
but also with other virus diseases, there exists for study
a wide range of leukemic and neoplasuc conditions m
mammals notably mce which, as the author pomts
out, provide a truly remarkable parallel to corresponding
conditions 1 man, mn thewr diversity of blood pictures
and their subtle gradations berween the * pure leuhaemic
and the ‘pure sarcomatous’ states The study of
these ammal diseases from the chmcal pathological,
brochemical and genetic points of view proceeded with
mereasing ntensity up to the outbreak of the present
war and his produced an ymmense and widely scattered
hterature Moreover the very fact that the expeniments
and discoveries relaung to a particular aspect of
leuleemia may themselves be of absorbing mnterest to
the speciabist has perhaps led to some nish of research
on the problem of leukamia 1n ammals betng +tened as
a serses of 1solated incidents rather than as 1 ¢o ordmated
whole It was to obviate such danger that the Com
mittee, with the concurrence of the Trustees, invied
Dr Engelbreth Holm to undertale the wriung of this
book The book presents a summary of the collected
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Lnowledge 1 1 readily assimilible and co ordinated
form, 1t 1s umed especrally At showing the reltionship
of the different forms of animal leuk-emia not only to
e1ch other but lso to humin leuhamin and thus at
lustrates the sigmificance of these experimental studies
for the ultimate problem of the presention and treatment
of the human disease  Apart from their ssgmficance for
human medicine, these studies of animal leuhemia have
an even more direct bearing on problems of ammal
husbandry

A tbute must be pud here to Dr Clwde E
Forkner’s admirable and comprehensine monograph,
Lestkena and Allied Disorders (Macmullan Co, New
York 1938) 1n which naturally 1 good deal of the same
ground 15 corered Dr Forkners approach to the
problem however, 1s necessanly different, since he 1s
concerned mainly with the human disease, and the
present author chiefly with leuhzerma in amimals, and
more particularly with the experimental aspects of the
subject

Dr Lngelbreth Holm prepared lis manusernipt 1n
Damish and entrusted the tash of s translation 1nto
Enghsh to Mr C L Heel, formerly of the Bnush
Consulate staff in Copenhagen The Commuttee are
grateful to Mr Heel for the shill of his translation,
which has made therr editorial tash comparatnely
easy The Danish manuscript was completed early n
1940, but with the authors approval certan further
references to important publications have been added
by the Commuttee to the English version so as to bring
the information as nearly as possible up to date In
the worh of editing the English manuscript and of
mabing these addions the Committee have had
expert help from Professor T Dalling Dr P A Gorer
and Dr P R Peacockh to whom therr thanks are due
Grateful acknowledgements are also made to Miss
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[

E Wigmore, B Sc, Libranan of the National Institute
for Medical Research, London, who kindly undertook
the task of cheching the many references

It may be suggested that the present time 1s unpro
prtious for researches aimed at the saving of life by the
conquest of a disease which 1s relatively rare 1n man
It 1s difficult for workers 1n this country——and doubtless
also for those on the continent of Europe—to carry on
such mvestigations effectively 1n a war time environ
ment, and even in the Umted States of America the
lack of a free international exchange of information and
research material, together with the not far distant
echoes and rumours of wars, must 1mpose some
check on progress This very circumstance, however,
may have made the year 1940 especially approprate
for taking stock of the existing knowledge of the expert
mental leukeemias, since 1t marhs the end of a period
of intensive research activity m this field It 1s to be
hoped, when the present war 1s over, and 1t becomes
possible for research workers throughout the world to
resume their attack on the common enemies of manhmd
—disease and untimely death—that this book will be
found to provide a valuable foundation of collective
Lnowledge for the better planning of further researches
on leukeermia and in neighbouring fields of nvestigation
dealing with such diseases as cancer It 1s to such
researches that we may hopefully look for hfe saving
discoveries in the future

SCIENTIFIC ADVISORY COMMITTEE
LADY TATA MEMORIAL TRUST
Lovpovw
December 1931
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INTRODUCTION

HISTORICAL SURVLY

Huvan leukemins were recogmsed 1s an independent
group of discases in 1845 through Crugie’s, Bennett’s,
and, m particulir, Virchow's studies  Virchow noted
that the pathological picture differed from others in which
an ncrease of white corpuscles 1s found in the blood
and he introduced the name ‘ Leuhimie’ By this he
understood 1 diseased condition * welche sich durch
eme progressine und bis zu ganz ungewShnhchem
Masse anwachsende Vermehrung der farblosen Korper
chen 1m Blute charaktenisiert’  Later on the basis of
the changes obsered i the organs, he divided leuhemia
into two forms, splentc and lymphatic

During the following years there were many reports
of the new disease, but 1t was a long ume before 1ts
mure, the interrelation of 1ts various forms, and theirr
differentiation  from other diseases, were even partly
explamned

In 1865 Cohnheim reported a case without changes
m the blood and put forward the concept ‘ Pseudo
leukimie In 1870 Neumann reported a case with
pronounced changes in the bone marrow, thus adding
myelogenous leukemia to Virchow’s splenic and
lymphatic forms

No more rational classification, however, appeared
until the publication m 1879 80 of Ehrlich’s studies
(summarised n Ehrlich, 1891) had made possible an
exact differentiation of the various blood corpuscles and
thetr precursors, n consequence of which leukemias
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could be distingwished far more surely than through
the evidence provided by macroscopic examunation
Research showed, moreover, that there were two main
forms—the myelogenous and the lymphatic

Long before this point had been reached it was clear
that cases of disease which must be regarded as leukzemia
occurred m lower animals as well as in man  In 1858
Lesering published a case of leukemia m a horse,
and later other cases were reported, i 1865 he
published a case 1n a pig  Bollinger (1871) described
leuheemia 1n pigs ind (1874) mn a dog, Siedamgrotzky
(1871) observed 1t 1n a dog and in a ¢t The first case
in a mouse was observed in 1874 by Eberth, and cases
i many different hinds of animals have since been
reported The disease was first observed in birds
(fowls) by Roloff in 1868 and by Caparini 1n 1896

It was not long before leukzemia became the subject
of experimental research, which proceeded side by side
with 1ts chinical and pathological nvestigation  In
1872 Mosler attempted the first transmussion experiment,
by injecting the blood of leukamc patients into dogs
and ribbits  In 1874 Bollinger tried to transmut the
disease from one dog to another Many transmission
experiments were performed, but they were all ineffective
until Lllermann and Bang (1908) transmitted leukeemia
mn fowls from diseased to healthy birds, thereby intro
ducing a new and very important phase 1n the expert
mental study of leuhzemia

While the studies made before this penod are mainly
of historicnl interest, Ellermann and Bang’s work was
followed by a large number of investigations which
attempted to unravel the details of fowl leuhema,
these have included researches into 1ts morbid anatomy
and haematology and, more particularly, into the nature
and properties of the ultramicroscopic, filterable agent
which w1s shown by Ellermann and Bang to be cipable
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of trinemtting the dieeter to hoalthy ards without the
co aperition of mtact cells

To these studies must be added the very Irge number
of imvestigtions carried out ll over the world duning
the et twenty or thirty years on the subject of leuk tmin
m mammals, espeently i mee and to 1 lesser extent
n guinea pigs, ris and cattle Most of the branches
of medical scicnee v e bran involvcd i these investiga
tons—pathology, lustologry, physiology, biochemistry
genetics radiology —hut the angin of the morbid process
w leuhema has not yet been expluned  These studies,
howerer which hve been pursued wath ancreasing
mtensity - many diffrant eentres hne provided n
Almost overwhelning mass of obsury atons—chimieal
pathological, and cxpenimentii—which cinnot yet be
co ordinated nto 1 comprchensine whole but which
nevertheless, shed hight on many sides of the leuhemn
problem

It 1s the um, then, of the present work to review the
collectine hnowledge of spontineous and expenmental
leukzzmis in wimals and to discuss the relwonshp
which these conditions buar to the problem of leuk vmiy
n man

CLASSIFICATION AND NOMINCLATURE

The same problems are involved n the 1pproprinte
chssification of ammal leuktimis As in the case of
those occurring sn man  Until more 1s known of the
«tiology and genesis of these disenses, the clerest
classificition will be that bascd on the type of cell which
has undergone proliferation, to produce characteristic
changes in the organs and possibly in the blood Here,
difficulties re unmedintely encountered, because, since
the nature of the relationship betwecn the different types
of blaod cells 1s sull a matter for discussion, a classification
of leuk-emias on this basis may to some extent depend
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on whether one 15 an adherent of the ’ monophylenst’,
the ‘ dualist” or the polyphyfenst’, school of thought
For the present &t w1l probably be best to adopt the
following terms 1 stern cell lewkamaa, 2 erythro
lenkama (especially 1n birds) 3 mpelogenous lenkemia,
4 lymphagenous levkama, 5 monocytic lenkema To
these must be added 6 plasma cell lenkamua, occurrng
m human beings but not observed 10 ansmals (Table 1)

TABLE 1
Classifieation of Leukanuas

Ansing from Type of Correspondin, Donunating
cells 1 Leukenua Torm of Tumour Cell form
-~ Stem cell -~ Undifferentiated
leykserma stem cel
e e
Bone marrow | Erythrol Erythrobk: Basophul erythre
{myelod) blast (Fllermana ¢
system erythsogonses }
Erythroblast
Myelogenous Chloroma My eloblast
leuk®mmua Myvelocyte
Plasma ceit Plastmacytomz | Plasma cell pre
lenh®mia Multiple surably from the
{not hnown 1n) myeloma yetendum of the
ammals} marrow
Reticule Monotytic Retseuln Monoblast {Ac
endothelial leakormex sarcoma cording to the
system dualists this foom
» myclogenous }
" 1 h Lympt L bl
system seukemin Atypical
Yymphocyte

In its typietl wppearance each of the forms named
abore will display estensive diffuse systemauc prolifera
wons n the organs The casts are Zewhawne or sub
Jenkame (sleuhtmic) according 15 to whether there 1s
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or 15 not Also an merese 10 the blood of the hand of coll
concerncd  This clssification 1, however  purdly
chimeal, 15 15 the dinasion into ncote and chrome eases
n accordance with the durwon of the discwse Tt
has not been possible to demonstrate any csse nud
difference botween tark emie and sublouh time Jeuh vmn
nor baween weute and ehronte €ases, hevond the differ
ences mdicated by the npames themsdves T urthormore,
since Al possible ntermedinte forms, s will s oses
that change from sublevhimic to lahame or from
chromc to acute are not infrequently observed these
terms however ustful from 4 chmeal point of view, 1rc
abyviously of no importance where the clswficaiton of
leuhwmins 1s concerned

The forms of which the classification has been—and
still 1s—the subject of most discussion are plism cell
leuh-zmin, which, as has been mentioned 15 not hnown
m ammals, and monocy tic leuherma

Plasma cell feuhemit may be classified as 1 specinl
form of myelogenous or lymphogenous lcuk enmn
according to whether the plisma el s regarded as
derived from the myeloblast, the crythroblhst or the
lymphacyte  But, since vecent research indicates that
the phsmacells 1 plismi cell leuhumin probably
ongmate in the reuculr cells of the bone mirrow o
seems justifitble to plice plasma cell leuhimin 1 1
special group

Suplr arguments 2pply to monocytic leuh-emin
the duahst school (Naegel) asserting that the mono
cyte 15 denved from the myeloblast, and that these
cases therefore rightly belong to the group of myelo
genous leukemias  The more general opmion 1s that
the monocyte 15 1n ndependent type of cell ansing,
presumably from the reticulo endothelial system  For
the time being 1t would seem to be expedient to mun
tain the mdependent group ‘ monocytic leukeemia * (see,
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for evample, Forkner, 1938), even though the fettures
of this group can hardly be said to be clearly
defined

Forkner (1938) proposed a more detailed classifica
tion, by subdividing the myelogenous leuhemias into
neutrophilocy tic, eosmophilocytic, basophilocytic, mega
karyocytic leukzmias, chloro leuhaerma and erythro
leuheemia  Such a sharply distinguished classification,
however, 15 mapplicable to the anmmal leukhemias, 1f
only because leucocytes with neutrophil granules, from
which the name of the most important group in Fork
ner’s classification 1s derrved, are not found at all 1n the
lower anmmals they 4re replaced in rabbits and fowls,
for example, by ‘pseudo eosinophil leucocytes’ A
terminology founded on the special granulations of
ammal cells may thus create confusion

Bestdes the typical cases of leuheemia with changes
spread diffusely throughout the whole of the myeloid
or lymphatic system, pathological pictures will be
found i lower ammals as in human beings, which are
characterised by tumour formatsons composed of the same
cells as are found 1n excess in leuhzemic blood Such
tumour formations may be single or muluple Further
more, transitional forms between these cases and pure
leuheemias are not infrequently observed they may
be regarded equally well as more or less localised tumour
formations with leukzemic blood changes or as cases of
leukzemia accompanted by one or more circumscribed
tumours

The tumour formations 1n the myelogenous, lympho
genous and monocytic leukemic groups are of par
ucular interest  The tumours corresponding to myelo
genous leukwemia are chloromata which are known
especrally 1n pigs  Lymphosarcomatt (analogous to
Kundrat’s lymphosarcomatosis without blood changes
~nd to Sternberg s leucosarcomatosis with blood changes,
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in human beings) correspond to Iy mphogenous leuhtmin
and occur 1 most ammals , they have been int esugrated
i mce nd cattle espeendly  Sumlarly, monocytic
leuk-tmin of man corresponds to the reticulum cd!
sarcomu1 And  reticulo endotheliomatr observed
mice  Tanally, st should be mentioned that cases with
erythroblistomatr can be simlarly parflded by oy
throleuhemin in fowls

Since Virchow's designation of the group of disenses
as ‘leukzmit,’ 1 somewhat confused nomenc wture has
gridually ansen s the diffirent forms have become
hnown  Up to the present no umiform fogical termin
ology has been reached  Various suggestions have
been made for improvements m this respecct  Many
termmnologics have been used to v greater or less
extent, but only 2 few have contributed towards the
attamnment of greater clarty  Tdrk proposed Lym
phomatosis’ and ‘Myelosis’  Ellermann and Bang
suggested repliaing ‘ Leuhemin with ‘ Leuhosis , n
term used especinlly i German and Scandmvian
literature, and more parucularly for leuh-umit m fowls
These proposals were based on the fact that the word
‘Leuhmia’ indicates 1 symptom that may very
possibly be laching

Virchow s term leukemia ( Weisses Blut’) 1s not
always accurately descriptive 1if interpreted literally ,
but, so long as we have no precise hnowledge of the
nature of the disease and cannot designate 1t n accord
ance with its charactenistics, the name leukema 1s
quite a practicable one, especially since 1t has lost its
true nieaning 1 the course of time and has become the
customary term for all the various forms in which the
disease may occur As Forkner poimnts out, the word
leukemia has attained a particular significance just as
have other medical terms, ¢ ¢ anamia, which, trans
lated hterally are equally incorrect, there 1s thus no
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reason to replace the word leukemia with the word
‘ leucocy theerma

Cohnheim (1865) introduced the word ‘pscudo
leukzermn  as 1 term for subleukamic cases  Ths,
however was abandoned after it had been used and
misused m various ways The word was unfortunate,
for ' pseudolenhemua’ indicates a condition which
resembles lenkeermin but 15 different from 1t for this
reason Orth tried to replace 1t with ‘ aleuhama’, which
was soon modified to ‘ aleuheeruc leuheemia ' as a name
for the pathological picture m which there are no blood
changes It has now ~ppeared that pure ‘aleukemc’
cases are extremely rare  also that the total lencocyte
count mn leuhaemia may quite often be normal, lthough
the blood contams the typical abnormal cells  For this
reason Forkner (1938) may be right i his proposal to
substitute the term ‘subleukeemic for aleukeemuc, even
though the distinction 1s not essential

If a leuheermc pathological picture 15 to be classified
clearly 1t must be given a name which corresponds to
the character of the pathological changes, or possibly to
the cell form that distinguishes the picture  Virchow’s
(1847) drvision of leuhzmua mto splemc and lymphatic
had to be r1bandoned because subsequent microscoptcal
mvestigations showed that it was rllogical and imprac
ucable Neumann (1870) introduced the term ‘ myelo
genous leuhzemia (which included most of Virchow’s
splenic leukemias) and the tao words myelogenous and
hymphanc have persisted as descripunve titles of the most
mmportant and most frequent forms of leukzrua Never
theless, many alterations hay e since been proposed, such
as myeloe’, ‘myelmd  and ‘myelocytic’ on the one
hand, and ‘lymphord’' or lymphogenous’ on the
other The expressions in most genertl use are ‘myelo
genous’ and ' lymphatic , but Forkner 1s right when he
suggests that it would be lagical to replace ‘lymphasc’,
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which corresponds to *mvelme , with lymphogenous’
which corrcsponds to *myvelogenous’  These terms will
therefore be used i the present work

As the study of leukvmin progressed 1t gradually
hecume clear that some of the cases desenbed s leuk
e, an ammals as well as in man did not really
belong to tlus group of diseases but were of quite different
pthology —e ¢ septic and certun neoplastic conditions
The blood picture found n such cases wis commonly
reminiscent of that i leukhemic leuhemias, but the
charactenisuic visceral changes were entirely absent, or
changes were obsened which resembled those of Jeuk
emia but could, by careful exumination be distinguished
from them Conditions such ns these are generally
called *leuh-emoid  The changes with which they are
associnted may resemble those of leuhzzmin to 1 greater

or lesser extent but are fundamentilly diffcrent
nature
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reason to replace the word leukzma with the word
‘ leucocythaemia

Cohnhern (1863) mtroduced the word ‘psendo
leukeerma  as a term for subleuhamic cases This,
however was abandoned after it had been used and
musused 1n various ways The word was unfortunate,
for pseudolenheemia  mdicates a condition which
resembles leukeermn but s different from it for this
reason Orth tried to rephce 1t with * 1leuhema’, which
was soon madified to  aleulamic leukermua  as a name
for the pathologcal picture m which there re no blood
changes It has now appeared that pure ‘aleukeme
cases are extremely rare, also that the total leucocyte
count m leukzenia may quute often be normal, Although
the blood contains the typical abnormal cells  For this
reason Forkner (1938) may be right n s proposal to
substitute the term  subleukamic for alenkaemic, even
though the distinction 1s not essential

If a leukemic pathological picture 15 to be classified
clearly 1t must be given a name which corresponds to
the character of the pathological changes, or possibly to
the cell form that distingwishes the picture  Virchow s
(1847) drvaston of leukeerma into splemc and lymphatic
had to be abandoned because subsequent mcroscopical
mvestsgations showed that 1t was illogical and imprac
neable  Neumann (1870) mtroduced the term ‘ myelo
genous ' leukeemia (which included most of Virchows
splemc leuhemias) and the two words myelogenous and
lymphatic have persisted as descriptive titles of the most
umportant and most frequent forms of leuheemia  Never
theless many alterations have since been propased such
as ‘myeloic  ‘myeloid and myelocytic on the one
hand, and lymphod or Ilymphogenocus’ on the
other The expressions 1 most general use are ‘ myelo
genous and * lymphatic , but Forkner 15 right when he
suggests that it would be logical to replace lymphauc’,
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CHAPTER 1
SPONTANLOUS LEUKALMIA IN BIRDS

WurLe leuhemin has not been observed 1n the lower
vertebrates, the condition 15 hnown m many hinds of
birds

Cases of lymphogenous leuhemin hive been
described 1n turheys (Remhardt, 1925, Cohrs, 1927,
Becker, 1928, Jarmu, 1929), geese ducks pigeons
(Lund, 1926, Haupt 1928) swans (Geurden, 1934),
storhs and parrots (Fox 1923), canartes (Satterlee
1906 Haupt, 1928), and vultures (Payer, 1935) It1s
possible that these cases include some that should more
correctly be constdered as cases of erythroleuhzerma
as observed in fowls, for this form 1s stll known by
some as lymphotdocytic leuhermia’ or ‘intruascular
lymphord leucosis’, Lllermann’s first terms for
erythroleuhemia

Cases of erythroleuhiermia  (‘ erythroblastosis °)
which have been thoroughly investigated have been
observed m canaries (Farkas 19,0, Kogler, 1933) as
well as in fowls, and also in parrakeets (Jarmar 1939), 1n
the latter the ery throleuhemic changes 1n the blood and
organs were found to be associated with a fibrosarcoma,
as not mfrequently occurs 1n fowls

These cases pernut the supposition that leuhema
may be found mn most kinds of birds, but no more
detalled 1nvesugation of 1ts specfic incidence has
been made Apart from Jarmar's cases in parraheets,
leuhzermias 1 the species mentioned have not been
mvestigated by transmission or any other sort of

experimental research
3
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4 LEUK TMIA IN ANIMALS

Our hnowledge of bird leukemias 15 dominated
preponderantly by those of domestic fowls, which have
been studied by many warkers and used for innumerable
experiments

Fow! leukzmins have been known very much longer
than leuhzemias in other sorts of birds  The first reported
case, one of ‘lymphosarcomatosss,” was published by
Roloff 1n 1868 Capanmi (1866) described the hsto
togical changes in three enlarged fowl vers m the
pathological museum of the Vetermary Institute m
Naples, which he diagnosed as leuhamic  One year
later, Moore (1897) described an ‘infectious leuhemia 1n
fawls, which, however, bas no connection whatever with
trie leuherma, m these cases the blood changes are
caused by infection with Bacterium sanguinarum, which
18 also pathogenic for other ammals, the severe
leucocytosts accompanying the infection has been mis
mterpreted as leuhzemia Moore’s report 1s the first
concerning a case of ammal disease in which it can
be definitely recogmsed that 2 ‘leukeemord’ blood
picture was mstaken for evidence of the leukemic
process Many amlogous cases mvolving different
Linds of ammals have since been published, 1 which
non speafic leucocytosis or tymphocytosis produced by
the most widely differing causes has been musinterpreted
and reported as leuhenmta

Many cases of fowl leuhmmia were reported durmng
the following ten yeirs (Butterfield, 1905, hoch and
Rabinowitsch, 1907  Kon, 1907, Warthwn, rao7, and
others), but the disease was not subjected to mare
detailed mvestigation

FOWL LEURZEMIA

Research mto fowl leuhmmia was directed along an
entirely new path in 1908 og by Ellermann and Bang’s
epoch making discovery that the disease can be trans
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mtted to helthy fowls by intrienous or intraperitoneal
inoculition with blood or culsions of organs from
diseased birds, 1and also by cell free filtrates

Thus obsery ation, which was made two years before
Rous described the transmissibility of fowl sarcoma by
means of cells or by 1cell free virus, actually represents,in
the light of our present hnowledge, the onginal discovery
of an avian mesenchymal tumour trnsmussible by a
cell free agent or virus  Lllermann and Bang could
not, however, emphasise its sigmficance from this pont
of view, since the ncoplastic nature of leuhemin was
very doubtful in 1908 Ellermann himself regarded
fowl leuk-emia s an infectious disease an opinion
dictated by his demonstration of us transmssion by
means of virus

On the publication of Ellermann and Bang s reports doubts
were immediately raised from yvarious quarters as to whether
the pathological pictures observed were really those of
leuhemia  Skiba (1900) asserted justifiably that the hzmo-
potetic system of birds 1s extremely labile and can very easily
react with leukemoid blood pictures in manjy conditions
particularly of an infective character In view of this he
questioned the leukemic nature of Ellermann and Bangs
cases  Burchhardt (1912) pointed out the very severe leuco-
cytosis (100 000 to 300 000 leucocytes per ¢ mm ) occurring
tuberculosis n fowls and supposed that CHermanns fowl
leukosis * was tuberculosts He emphastsed hasarinoff’s (1910)
experiments 1n which leuhxmic’ blood pictures were success
fully produced by various blood poisons Henschen (1917)
assumed that there might be primary anzmias of toxic ongin,
with dary heation of the myelord system

Ellermann (1920) opposed these objections and maintatned
that there really are leukaemic pathological processes n fowls
an opinion which 1s no longer doubted by other workers  During
Tecent years a contrary tendency has asserted itself, namely
the fication as fowl leuk of pathological
prctures which hardly ment mclusion under this headmg







Fi6 3 —Interstitial Jymphauc nfillmuion i hner of fowl with leuhemic
Iymphogenus leuk umin » about 500 (Figs 4 to 6 1w from the
same cse )

FI6 4 — Intersutial accumulition of lymphocytes i hadney of fowl wih
leukzemic lymphogenous levhTmia % 500
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In the course of many years Ellermann collected
a large number of cases of fowl leukemia occurnng
spontaneously, and he demonstrated that several types
appear with varymg frequency In his first chssifica
tion (1918) he distinguished these as follows —

1 Lymphogenaus leuheema ( lymphauc leucosss ),
which 1s divided ito an aleukaemic ‘extravascular’ form
with severe, partly nodular, lymphocyne infiltration of
the organs, and a leukemic ‘ntravascular’ form with
distinctly leuhzemic blood and no nodular infiltrations, but
with diffuse mntravascular accumulations of large, round,
non granular, basophul cells (‘ lymphoidocytes ) m the
organs

2 Mvelogenous leuhmmia ( myeloe leucoss ),
which may be leukemic or aleuhemic and 15 char
acterrsed by intersnal myelod infiltrations, generally
conswsting of myelocytes, m the organs

3 Anemic forms (' leukanemas’), charactensed
by pronounced anzmia with many erythroblasts  The
reason for including these forms, which are not essents
ally Jenhemic, was because they occurred alternauvely
with the typical forms of leukzemia 1 the transuussion
series and because typical leuhemic pictures resulted
from further passages

Ellermann later {1920) altered this classification,
since further research had shown him that the ‘ntra
vascular lymphauce leucosts was not lymphogenous
(' lymphatic ’) and that the cells which proliferated m
this form must be considered as basophil erythroblasts
(Ellermann s ‘ erythrogomes )  He reached this con
clusion partly from measurements of the mutotic angles
in these cells and partly beciuse all concetvable transt
tions between these cells ind mature erythrocyies were
found

Ellermann therefore proposed the following classifica
ton —
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v Lymphogenous leukamra ( Lymphauc leucosis *)
According to Lllermann this form should always be
aleuhtnie and should show only more or less nodulr
lymphaue mfiltrions i the organs  As will be
mentioned tater, leukemic forms are also found, though
they are rre

2 Myelogenous  lenkamia  (* Myecloe  leucosis ')
Both aleuhemic and leuhemic forms are recognised n
this cliss  Ellermann himself draws attenuon to the
possibility that two types of myelogenous leuhemin may
be found n fowls, 1 myeloeyfic form and 1 myeloblastic

3 Lrthrolendama ( Lrythroleucosis’)  This cor
responds to the ‘intruvasculr  lymphord  form’
in Ellermann’s first clssification After it had been
recognsed that this form was characterised by 1 violent
proliferition of basophil and immature erythroblasts, it
nturally followed that Ellermnann’s previous third form
‘leuhnnemin’ should be transferred to the stme group,
1s 1 speainl form of erythroleuh-ermin The relation of
these nemic forms to the pure erythroleukcmins 1s
discussed 1n greater detul 1n the next section

Ellermann’s last clissification has held good 1n
prinaiple  The studies of this worker were the impulse
which quickened 1nvesigations nto leuk-emi in many
different parts of the world, and there 15 now a con
siderable amount of matenal dllustrating the occurrence
of these disenses, although we are still ignorant of their
precise tiology

VARIETITS OF TOWL I LUKRAMIA
Lymphogenous leukemia 15 by fir the most frequent
form of the spontneously occurring disease (Ellermann,
1922 Lund, 1926, Mathews and Walkey, 1929,
Schaaf, 19,6) Like the other forms, 1t presents only
non pathognomonic symptoms — decrensed appetite
emaciation, and in some cases 1n-emia, diarrheea bemng






phogenous
ocytie cells

feukoemia The marrow consnts tmost entirely of Ivmph

F1G6 5 —Bore marrow of b from fowd with feuhirmic fym;
x about too
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also observed occasionally  Death may, however, occur
suddenly, with none of the foregomng symptoms (Eller
man, Mathews and Walkey) Considerable enlarge
ment of the hver 15 found on autopsy, the wewght
sometimes bemng mereased ten fold (Figs 1and2) The
spleen 1s also found to be enlarged, though to a less degree
Fine or coarse whitish grey nodules corresponding to
the lymphatic infiltrations can be seen on the surface
and on macroscopic sectson of the organs  Infiltrations
of a diffuse or nodular character can also be found m
the bone marrow, ovanes, mtestune, thymus, lhidaneys,
lungs, and heart, whilst the crap, gizzard, testes,
thyroid glands, and musculature are often free  (Fowls
have no lymph nodes, the lymphauc system being
represented only by lymphoid follicles, including those in
the spleen, marrow hver, intestine, and respiratory tract )

All the affected organs show the same histologeal
change-—ntense hyperplasia of the lymphatic tissue, o
hyperplasia that may be diffuse or nodular  The
mfiltrations consist of small lymphocyuc cells, among
which a fine meshed fibrillary reticulum can be disun
guished  The cells not nfrequently mfiltrate widely
mto the surrounding tissues (Figs 35 Lympho
sarcomatous prolferatton 1n the organs has often
been described sometimes 1n assocsation with leukaemic
changes, sometimes as isolated lymphosarcomata (see,
for mnstance, Mathews and Walley, 1929)

It has been mentioned that Ellermann stated that
lymphogenous leukema wn fowls 1s always aleuhzemic
Subsequent research has shown that this s not true
By far the majorsty of cases are aleuhamue, though
leukamic cases, often with a large number of leucocytes
and with anzmua, have been reported from many
quarters In one of the cases described by the present
author the blood showed 15 rmihon leucocytes per
¢ mm, with g6 per cent of small lymphocytes The
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Frmapinh preeentare wis ;0 the envthrociies wee
12 eulbnn peecmm ($ay 6)

This form differs from the other types of fowl
Fakrmriz s tha it s not uimilarly tmnemisaible  the
que 1o of te Tark of trinsrisability 15 discus<ed
draal v Claper 11 0 which Turths ‘trinsmissible
limphorates s is 1l conadered

Some doub regarding the defimtion of lympho
emnas f=ud vmia n fo vIs has ansen duning recent years
*no her pathological picture — “ e 1ro bLin plomatosts
gellirzram ' (fowl pimlyss’, * Mareksche Geflagel
Libme |, ‘miage panlyas "}—~being considered 1n v arious
quarters 1o bwlong to the leul emnn group, for which
raason more detuled considertion of this disease s
necessary

In 1907 \Mard deseribed 1 disease 1n fowls, gener
ally fatal and charctensed by asymmetrical parly ses
mus (depigmentation of the s and 2n wbnormal shape
of the puptl) shortness of breath, ind emaciation  The
disease 1s mosthy obscrved 1n fowls from three to eighteen
months of agc the fundamental pathological change
being an intense nfiltmtion by lymphocy tes and plasma
cells of the peripherl nerves spial gangha and spinal
cord  In some cases (about 10 per cent) Iymphocytic
miiltrations are found 1n sarious organs, more especally
the ovaries and  less frequently, the Iinver spleen, and
Fidneys  Changes are never observed 1n the bone
marrow  In the great majority of cases the blood 15
normal or shows a leucocytosis (Blakemare, 1934
Hepding, 1936) Rarely an increased number of small
lymphocytes 1s observed  Durmg the last ten years the
disease has increased so greatly m frequency that 1t 1s
now hnown in most European countnes, the United
States of Amenca, Canada Australia, Africa and
Japan In many places 1t occurs with such frequency
as to be considered one of the most sertous fow] diseases






Fie , —Biood of fow} with myelogenous (myelocytic) levkmmir showing
many coarsely granulir myelocytes 1t vinous stages of defferentittion
x about 1500
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Pappenheuner, Dunn, Cone, and Sexdlin published a
major work on the disease in 1929, and since then many
other studies have appeared  Potel (1939), on the basis
of his histological investigations, classified neuro lympho-
matosts as belonging to the leuhemias, and Furth
(19344 and 19358), ike Butler and Warren (1938), con
cluded that ‘ neuro Iy mphomatosis 15 a neoplastic disease
alied to {(lymphatsc) lenhosis and sarcoma’ Furth
stresses the fact, however, that there are a number of
charactenstie dsfferences between neuro lymphomatosss
and Ivmphogenous leukaemia, noteworthy amotig which
are the ibsence from the former of bone marrow changes
and the finding that the extension of the disease to
mternal organs varies, the hiver bemg but rarelv affected
in neuro lymphomatosts though always m lymphogenous
leuhaermn, Furth sndeed called the latter ‘hepato
lymphomatoss ’ to distingush 1© from neuro lympho
matosis  Many worhers do not share his view, however,
that the hiver 1s not commonly involved m the Jatter
disease  Paralysis, which 15 1 cardinal symptom 1n
neuro lymphomatosts, 15 never observed m lympho
genous leuhamua  Hepding (1036), contrary to Potel,
thought that the histological structure of the tumor
ous formation i neuro lymphomatosis was different
from that seen in lvmphosarcoma and, generally, mn
Iymphogenous leuh@ma  Olson and Dukes (1038)
examined the basal metabolism of fowls sufferng from
neuro fymphomatosis, leuhema and feuk-emic tumours ,
thev found thit this was normal m fowls with neuro
lymphomatosss but was increased in those with leuhzmia
and was especially mcreased m cases of ‘lympho
cytomata’

The ztology of fowl p iralysis 15 not well understood,
and one of the man difficultes m nvestigiting 1t
has been the tendency for the disease to occur among
untreated expermmental fowls bred from the same
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parents 1s those m which the discase has apparcntly been
reproduced  The fact that the diseasc 1s often enzootic
and recurs tnnunlly 1 the same plice (Pappenhetmer,
Dunn, Cone, and Sadhn, 1929) has led to the theory
that infection 1s carried vin the frees and 1s transmitted
through theegg  Doyle (1928 29) and Sergar (19334, 4)
observed the occurrence of the disease in chichens
hatched from discased birds — Seagar (193,a), Hartwigh
(1934}, Butler, Warren and Hammershind (1938) 2nd
many other worhers are 1lso of the opinton that neuro
lymphomtosis cn be trinsmutted through the egg
(1ccording to Doyle, 1nalogousty with * whate dinrrheen’),
but Asmundson wnd Biely (1932) clum that it 1s only
a susceptibility which 1s inherited

Seagir (19,3a) found the development of typieal
pathological pictures m 4 number of fowls which had
been fed with estracts of the feees of diseased fowls
Irzsche (1937 38) stated that he had transmutted the
disease by means of ficeal extracts from diseased birds
adminstered to healthy ones by mouth or by mjection,
but the resulung ‘takes’ did not show parilysis n 2
single case  They were considered to be ‘ takes ’ because
1t was possible to demonstrate histologically the presence
m the nertes of cellulwr infiltrations, the nature of
which 1t 1s difficult to determine  That the disease 1s
transmissible appears probable from Pappenheimer
Dunn, Cone, and Sexdlin’s (1920) and, especially, Turth’s
(19356) studies Turth established the fict that the
disease can be transmitted by means of cells (lympho
cytes), but he did not succeed 1n demonstrauing a cell free
agent that can produce the disease 1n healthy birds
In many of the experiments recorded an atypical response
followed the wnoculation of infective materal, for
example, Patterson, Wilcke Murray and Henderson
(1932) observed cases of erythroleucosis ind myeloid
and lymphoid leucosts in the groups of fowls they






Fie 8 -hidnev  f fos] smath myelo.en us myehavtic) leuhemin The
renal tubules are ef irited by enormeu mblirntiens of myvelsovtes
about y00

FIG 9 -—Bone marvow of tibia from fonl with myelogenous (myelocytic)
leukemia  The picture 1» characten ed by missne hyperplastic
trabecule con isting of myelocytes A compressed marrow sius
runs through the muddle of the picture X about 500 (Cf Figs 1o
and 14)
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wyected and regard all these conditions as expressions
of the same transmissible disease It 1s possible that
such results may have been due to the spontaneous
development of the leuheemic conditions recorded, and
this would indicate the desirabihity of Leeping stramns
under observation for a few generations before using
them for experimental purposes

A senes of transmission experniments was carried out
by Blakemore (1939) 1n which the stram of fowls used
had been {reed of neuro lymphomatosis by inbreeding
and reaning the progeny of each gencration 1n 1solation
The stram was sull highly susceptible as shown by the
occurrence of the disease following mjection of tissues
from npatural cases and exposure to natural wfection
In addition to the occurrence of typreal lesions of neuro
lymphomatos:s, some of the experimental fowls became
unthnfty and developed atypical lesions i the viscera,
especially the heart and hiver Passage experiments
from the atypically affected fowls were carried out,
the course of which the infective agent gave nse to an
acute disease which was mflammatory in nature  As
m the onginal expeniments, the survivors showed a
tendency to develop lymphomatous nodules m the
wnternal organs and nerves, and the author considered
that these arose as a result of stumulation by the ijected
agent While the above results do not give clear support
to the theory that the lymphomata are neoplastic
m nature, the development of the lestons s 1 accordance
with the findings of Pappenheimer and his colleagues
(1929), who, after examiming a number of field cases
of neuro lymphomatosis, expressed the view that there
was undoubted transition between the lesions which
histologically appeared to be mflammatory and those
which assumed the character of a true neoplasm

It thus appears that the relationshup between lym
photd levhmma and neuro lymphomatosis has not been
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expluned  In both the pathological substrate 15 1 tumor
ous proliferation of smll Iy mphocy tie eells, and yet the
pathological pictures show several points of clewr cut
difference  The two conditions present points of sum
larity cimeally as wedl as anatomieally, despite thar
pronounced 1nd constant differences  The question 1s
one of considerble interest, since lymphogenous leuk
emin seems to hold 1 peculinr position mmong fowl
leukhemas, for, s already menttoned, 1t 1s not trins
musstble 1n the same way 1s erythroleuhwmin and
myelogenous leuh-emin {see 2lso Chapter 117)

Unul further information 1s availble at s hardly
possible to decide whether neuro lymphomatosis galhn
narum 1s a disease fundamentally different from all
the leuhaerias or whether neuro lymphomatosis and
the so called lymphogenous fow! leuhemin are to be
mncluded 1n one group that 1s different from myelogenous
leuhzmmn and erythroleuhemi

Myelogenous lenkemia  (Ellermann’s  ‘ myeloic
leucosis ) 1s of rather infrequent occurrence It may
be aleuhamic or leuhaemic with up to 600,000 leuco
cytes per cmm  The blood picture may be dominated
by myelocy tes 1n various stages of development (Fig 7),
or there may be a preponderance of ty pical mycloblasts
and, finally, cases occur with large non granular cells
with highly indented, segmented nucles (Ellermann’s
‘ pothilonuclear cells ), remimiscent of Pappenhemmer s
‘ Rieder form ’ of myeloblasts

The pathological picture 1s generally characterised
by pronounced anzmia (Hb 15 20 per cent), 2nd by
more or less pronounced emaciation The course may
be acute or prolonged (some months)  Autopsy shows
enlargement of the hver, but not to so great an extent
as m lymphogenous leulemia, the organ 1s generally
only double 1ts normal size The ussue 1s either uni
formly reddish brown or finely marbled with yellowish






Hie 10 Done marrow of titia from fowl with mixed myclogenous
erythroleuhemin  Shghtly diated sinuses filted with bisophil erythro-
blasts ( leukostasts  ¢f Hips g and 14) are seen among the hyper
phistic trabeculr which consi t mo thy of myelicytes ¥ about soo

G 11 —~Iner lidney and spleen of fowl with spontancous erthro
leukemia (Cf Figs tandz)
[
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veming  The spleen 15 moderately enlarged, with
sumifar coloursng  The bone marrow 15 grevish red and
of a umformly firm consistency  The microscope reveals
myelogenous mfiltrations made up of myelocvtes or—
more rarely——myeloblasts, these are situated pen
vascularly n the liver, they oceur as a diffuse mnfiltra-
nion m the pulp of the spleen and as dense mnterstiial
masses in the hidneys (Fig 8), where the tubules are
widely separated from one another Very considerable
hyperplasia of the marrow trabecule, conssting of
ughtly pached myelocytes or myeloblasts, 15 often
observed in the bone marrow  The blood sinuses,
normally fairly wide are compressed to narrow slits
(Fig g} Besides these changes, considerable accumula
tions of immature myelogenous cells are found 1n all the
vessels, more especrally those of the liver  Transmonal
forms to myelocvtomata have been reported, with
larger or smaller nodules bwilt up of myelocyvtes and
myeloblasts  Mixed cases of this kund were described
by Ellermann (1018) Andersen and Bang (1928), Furth
(1031¢), and Rothe Meyer (1934), while aleuhzmic
cases of 1solated myelocytomata were scen by Teutsch
lander (1930) and others

Erythroleukemia  (Ellermann’s ¢ erythroleucosis’,
Engelbreth Holm’s  erythroblastosts ’) occurs some
what rarely, but has been observed by most workers on
fowl leukzema  This form seems to be peculiar to
birds It has been compared with various conditions 1
mammals and human beings, pernicious anerma (Elfer
mann, McGowan}, ansemiz mfantum pseudoleuhemrca
of von Jahsch Hayem (Henschen, 1917), erythroblastosis
congenita (Furth, 1931¢, Engelbreth Holm, 1933), but
none of these comparisons has been justified The reason
for including this disease among the fowl leuhaemias 18
salely that it 15 so closely connected with myelogenous
jenhzemia of whose nature there 15 no doubt, that the
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two mamfestations are not mirequently found mixed
n the same ird (g 10) 1nd cn be trnsmitted by
one 1nd the same virus (see Chapter T11)

\Vhen en throleuhemin 1s fully developed its course
1s that of 2n acute leuhemit which often halls the ird
before pronounced symptoms—especially anLmin—h1ve
had time to appear  Ascites, and petechic or ecchy
moses m the subcutaneous tissues, are often found on
autopsy  The most pronounced changes are the great
enlargement of the lner and spleen (g 11)  Both
organs present 1 tense smooth surfice, and rupture,
with death from hmorrhage, may occur  The colour
15 a deep reddish violet and the cut surface, hke the
outer surface, 1s 2lmost without pattern  The hidneys
may show simlar, though less pronounced, changes
The bone marrow may be firm and reddish grey, but 1t
1s usually 2 umform vivid red and sem: hqud (¢ rasp
berry jelly *)

The blood may show sesere anzemin, generally with
a very large number of large, round, highly basophil,
non granular cells with Iirge, round, leptochromauc
nucler (Ellermanns ‘ lymphoidocytes’) Il of which
were taken by Lllerminn to be basophi! erythroblasts
or young erythrocytes This oprion has since been
confirmed (Furth, Jarm=, Lngelbreth Holm) In some
cases (Fig 12) these cells are extremely immature
(' hazmocy toblasts *), while in others they assume rather
the character of erythroblasts with incipient typical
erythroblast nucler and, possibly, even some hzmoglobin
m the cytoplasm

Histologically the organs, especially the liver and
Lidneys, display the change that caused Ellermann to
mtroduce the term ‘intravascular lymphoid leuhosis’
—dense paching of all the capillaries with the cells that
predominate 1n the blood, z ¢ basophil erythroblasts or
hzmocytoblasts The accumulations of cells are found






FI16 ¢ — Blood of fcwl with cnthroleuk rmiv Small ind e by Hphil
envthrobla t  one with tw  nucler are etn am ng the nucleted
ervthrocyvtes about 1yoo ((f Rl s

Fit 13—Lner of fowl with eryvthroleuhemiy  The capillanies between
the columns of Irver cell are entirely filled with basophil erythrobla ts
( leukostass ) x 1lout 500
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only within the vessels, but they are so enormous that
the columns of fiver cells often appear to be atrophied
(Fig 13) Tor this excessne miravascular accumula
tion of cells Ellermann comed the word ‘leubostasis’
The pulp of the spleen 1s the site of a correspondingly
massive accumulation, so great that the ongmal pattern
may be completely lost The trabecule in the bone
marrow are found to be very fine and compressed
between the greatly chlated sinuses contaming the
ughtly pacied basophil erythroblasts (Fig 14) In
addinion to ' pure * ery throleukemic cases, such as these,
others have been described in which the basophil ery
throblasts characteristic of the disease form more or less
sarcomatous nodules Such cases have been observed,
among others, by Andersen and Bang (1928), Rothe
Meyer (1934), and Mohos (1939) The nodules were
found 1n the ovaries, shin, hiver and kudneys (g 16}
Many cases do not displav the typrcal picture, 2
gradual transition bemng found to forms m which anem
1s such a promment symptom that Ellermann placed
them 1n a special class ‘leukanema’ In these cases
there 15 extreme anazmua, with a great decrease m the
number of erythrocytes and many polychromatic ery
throblasts but few or no true basophil erythroblasts
(Fig 15) The organs show only mmnor changes which,
however are of the same hind as those occurring 12
fully developed erythroleuhzemia A picture that closely
resembles that of erythrolenhaemia, with severe * leuho
stasis ', 15 often seen i the bone marrow, while 1t 15
completely laching, or 1s only shghtly evident, in the
hner, hidneys and spleen  The studies of Engelbreth
Holm and Rothe Meyer (1932¢), Jarmay (3932), Stubbs
and Furth (1932), and Oberhng and Guenn (19349)
show clearly that two mamfestations of the same morbid
process are here miohed  Engelbreth Holm and
Rothe Meyer (1932¢) consdered that anzmic forms
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represented the pathologieal picture whuch apperred
when the erythroleuhemic 1gent was weakened or the
resistance of the host mcreased  Thur rewson for this
was that they obscrved most eases of antmin i therr
group of erythroleuhtmias during periods in which the
virulence of the virus was relatively weak, 1s shown by
the longer average hife of the birds and the reluvdly
large number of cases of spontaneous recovery  They
expluned the fict that the same pathological process
can produce fulminant erythroleuk-emiz when the virus
causing the disease 1s highly virulent, while anemin
occurs when the virulence 15 weaher, by assuming that
the fundimental change n the stem cells forming the
erythrocytes, 1s 2 result of the influence of the virus,
1s of 1 neoplistic nature, with mnbited differentntion
as one of its promunent characteristics  The result of
this process, when 1t 1s relatnvely weak and confined
to the marrow, will be 1 filling of the marrow with
immnture cells which are unable to differentinte and re
thus unable to produce mature erythrocytes This
causes anwermia, but no ‘leuhostasis’ in the organs,
while 2 more severe grade of the same process, by
attaching the eapallanes of the liver and spleen as well
as the marrow, will mduce so great 2 production of
mmmAture elements that not only are the sinuses of the
marrow filled but the whole of the airculatory system 1s
flooded with them, under such conditions the blood
picture 1s that of erythroleuhemin with tnaerma and
leukostasts 1s seen 1n the organs
The anzmic variety of erythroleukemia has, how

cver, been difficult to disunguish with certainty from
other an-emic conditions 1n fowls It s clear that simple
h-emorrhagic anemias and some of the toxic an-emias
are essenuially dhfferent from erythrolenhamia (Turth,
1931¢) It was more difficult, however, to differen

tiate certain forms of anerma described by Bedson and

B
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FIG 14 —Bone marrow of tibia from fowl with erythroleuhemia  The
picture 1s charactent ed by enormously diated sinuses filled with
basophtl erythroblasts  The trabecult re reduced to narrow bands
especrally around the vessel ¥ about 500 (Cf Fig 9 1nd o)
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Knight, and by Bayon’s Bedson and Kmght (1924)
reported eleven cases of anemia in fowls, charactensed
by the pronounced yellow colour of the comb, sk, and
fatty tissue  Many mmmature erythrocytes were found
m the blood, but there was no erythroleuhemia At
autopsy, the Itver and spleen were found to be moder-
ately enlarged mn some cases, while the bone marrow
presented a picture that was very remsmscent of that
found m erythroleuhzermia  Bedson and Knight hest
tated to conclude that this form of an-emia came under
the herding of ‘erythrolenkemia’  On transnussion to
healthy animals the development of anzmia or poly
cytheemia was obscrved m three out of thirteen cases,
but these ammals recovered spontaneously

Bayon (1929) described a serses of quite similar cases,
which he called ‘erythromyelosss’ A cestode, Davanza
proglottina, was found in large numbers n the ntestine
mn all the cases  Bayon regarded the changes as mdt
cating a disposttion to ‘infection’ by a hypothetical
endocellular mucrobe (‘ microplasm’)  Furthermore,
he found pronounced osteosclerosts in many of his
cases, which he regarded as secondary to the anzma
He explained the apparently paradowical feature that 2
great increase 1n young erythrocytes was found jn the
marrow although the birds were markedly anzmic, as
being due to supercompensatory erythrophagy m the
organs, i which he found the content of blood pigment
to be mcreased

Bayon tried to transmit the disease to healthy birds
of the same stram (White Leghorns) Four out of
twelve died with a similar marrow picture but with an
increased number of erythrocytes in the blood A fatal
case of progressive anzma occurred mn a later exper
ment No cestodes were found 1n the intestines of any
of these birds  Furth (1¢31) concluded, from the
absence of leuhostasts m the organs m these cases of
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anemn, that Bedson and kmght's and Bayon's cises
were diffcrent from ergthrolahumin According to
Furth, the leukostasis 1n the bone marrow cannot be
the decrsive factor, since sumlar pictures may be obseryed
n other tonic anrumnns  Cngelbreth Holm and Rothe
Meyer (1932), who obsersed 1 sumfar case of anemn
without leuhostasis in the organs in thar struns, the
transmission of which to healthy birds resulted 1n
typicil erythrolcuhemi, thought that these “yellow
anemuas ' should be regarded as vaneues of erythro
leuhemin  Jarma (1934) muntuned 1 similar pont of
view, but Oberling and Guenin (19,54) did not senture
to include Bedson nd kmight's and Bayon’s anemins
under the heading ‘erythroleuhemic 1nemis’
McGowan (1926) observed antmuis in birds infected
with Da anea proglottina which were similar to those
described, 1nd he regarded them as belonging to the
leukerme group  Later (1930) however, he changed
this opinion, when he suggested that an anemin different
from erythroleuhamic anemin was crused by Da arnea
proglotine, on the nalogy of Bothriocephalus anema
n human beings  McGowan (1930, 1931) found that
the 1njection of liver extracts produced an effect 1 cases
of this anwmia, characterised by 1n increase i the
percentage of hemoglobin and in the number of ery-
throcytes, but these extracts did not succeed i curing
the condion  Generally speahing, the effect does not
seem to be very constant or very pronounced In
spite of this, McGowan (1932) thought that he had
evolved from these expennments a method of quantita
tive assay for liver extracts

Bayon (1935 36) also trnied liver treatment for his
¢ yellow anzmia ’ and may have obtamed some transient
effect He concluded that the experiments ‘seem to
suggest that the effect of these liver extracts was m
some way specific for diseased erythrocytes, but ‘a
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permanent cure did not result’ The percentage of
hemoglobin nd the number of erythrocytes fell agamn
1 spite of continued treatment, and the birds died

It ss difficult to disentangle the significance of these
observations  Liver preparations are certamly of no
benefit whatever 1 definite cases of erythroleuhema
and the erythroleuk-emic anazmas (Engelbreth Holm
and Rothe Meyer 1932)

The problem of the relation of these anemas to
erythroleuherma has presumably been brought to a
temporary conclusion by Stubbs and Furth’s (1932)
observation of four spontaneous cases of anemia m
fowls, very sumilar to those observed by Bedson and
Knight and by Bayon, except that there were no parasites
m the mntestines  The tissues of these birds were bright
yellow, as 1 typical cases of ‘yellow anema’ More
over, pronounced erythroleuhemia and myelogenous
leukeenma were produced 1n some cases by transference
of blood from these birds to healthy chickens The
reason why Bedson and Kmght and Bayon did not
obtamn sumilar results may possibly be that thewr exper
ments were carred out with a relatnely small number
of adult birds, which are undoubtedly less suscepuble
than young chickens

Hence, there can hardly be any doubt of the posittien
of these anzmias m the scheme of clissification  But
that other ansemuas of varywng ®tiology are ta be found
in fowls 1s certan It seerns probable that mfecuion
with Davainea progiothina may cause—or contribute 10
~—the development of an an@mia that to some extent
reacts to but 1s not cured by liver preprations
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OCCURRI'NCI AND TRIQUENCY Of 10WL
1TURIMIA

Fowl lewhtmin 1s bnown i most of the countrics of
Lurope, 1n Amenica, Australin, Japin, Palestine, and
Africa (Bryon, 1929, Schanf, 1936)  Precise informn
tion 15 to the occurrence of the disease, 1ts frequency,
1nd 1ts possible reltion to the birds” hving conditions,
age, breed, etc , 1s difficult to obtun because no staustienl
avidence on any hrge seale 15 avahible Further
morc¢ 1 disunction 1s not alwnys made in the published
reports between leuhemin and neuro lymphomatosis
gillimrrum, which, 1s has been mentioned, does not
behave in the same way from an (pizootic pomt of view

Most of the nformation regarding the frequency of
fowl leulhemin comes from vdterpary anstitutes, 10
which records have becn compiled of the number of
cases found among the birds sent to the paruculir
mstitute  In this way Brieg (1919) found 13 per cent
of leuk-emis 1n Denmark, Haupt (1928) s per cent
n nearly 1700 nutopsies m Berlin, Remhardt (1929)
10 per cent in Leipaig Hare (ated by Turth, 1931)
stated that leuh-zmir wns the cause of death 1in 4 per
cent of the fowls in Delanare, Hennepe {cited by
Turth, 1931) found 1t s0 1n 7 per cent of those in Holland
Bornstedt (cited by Jarmai, 1934) found leuhemia m
11 per cent of the fowls in Prussin, Luttschwager
(1930 31) 1n 16 per cent of those in Hanover, and, finally
Feldman and Olson (1933, 1934) stated that from 10
to 15 per cent of all fowl deaths in Minnesota were
due to Jeukaermn  Schaaf (1936) found lymphogenous
leul ;emia 1n from 6 to 7 per cent of adult birds

The disease may thus be said to be of common
occurrence  Reports have been made from many
quarters that fowl leukoemia has been increasing
frequency during recent years  Luttschwager (1930 31)
reported an increase from 1925 to 1930 Kitt (19318)
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OCCURRLNCI AND I'REQUPNCY OF IOWL
LTUK IMIA

Fow] leukemia 1s known i most of the countries of
Lurope, m Amencr, Australn, Japan, Palestine, and
Africn (Bayon, 1929, Schaaf, 1936)  Preaise informa
uon 1s to the occurrence of the disease, 1ts frequency,
and its possible reltion to the birds’ hving conditions,
age, breed, etc , 1s difficult to obtam because no statistical
evidence on any large scale 15 avulable  Further-
more, 1 distinction 15 not 1lways made 1n the pubhshed
reports between leukhemin and neuro lymphomatosis
gallimrrum  which, 1s has been mentioned, does not
behave in the same way from 1n epizootic point of view

Most of the information regarding the frequency of
fow! leuheimn comes from setennary msututes,
which records have been compiled of the number of
cases found among the birds sent to the particular
nstitute  In this way Brieg (1919) found 13 per cent
of leuheemias 1n Denmark, Haupt (1928) 5 per cent
m nearly 1700 1utopsies in Berlin, Reinhardt (1929)
10 per cent mn Leipzig  Hare (cited by Turth, 1931)
stated that leuh-emin was the cause of death in 4 per
cent of the fowls in Delaware, Hennepe (cited by
Turth 1931) found 1t so 1n 7 per cent of those in Holland
Bornstedt (cited by Jarmai, 1934) found leuheemia in
11 per cent of the fowls in Prussin, Luttschwager
(1930 31) 1n 16 per cent of those in Hanover, and, finally,
Feldman and Olson (1933, 1934) stated that from 10
to 15 per cent of all fowl deaths in Minnesota were
due to leuheerma  Schaaf (1936) found lymphogenous
leukaemia 1 from 6 to 7 per cent of adult birds

The disease may thus be said to be of common
occurrence  Reports have been made from many
quarters that fowl leukemia has been mcreasmng
frequency during recent years Luttschwager (1930 31)
reported an increase from 1925 to 1930  Kitt (19318)
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quotes the following figures from the Tierpathologisches
Institut m Mumich —

In 19.6 there were 17 cases of lcukerma in 251 autopsies ( 6 7 per cent )
1927 56 437 7 )
1028 74 339 (08 }
1929 123 436 (269 )
1930 96 372 (66 ]

and according to Jarmai (1934), the figures have risen
similarly, though on a lower scale, in Hungary ~—

In 1918 24 there were § cases of Jeukzenma 1n 722 autopsies {0 7 per cent)
1925 28 6 762 (o7 )
1979 7 304 (23 )
1930 30 598 (50 )
1931 24 396 6o )
1932 7 157 {ao )
1973 9 154 (58 i

Although these figures must be viewed with - certam
amount of reserve, 1t would appear that fowl leuhemsa
did become more frequent during the years quoted

Strangely enough, Schaaf (1936) found that the figures
fell during succeeding years, for i 1930 he observed
leuhemia m g 7 per cent of the fowls examned, 1n
1931, 1n 9 3 per cent , 1n 1932, 1n 6 2 per cent , 1N 1933,
m 2 6 per cent , and 1 1934, 1n 4 4 per cent

It seems to be generilly agreed that the disease
occurs most frequently in the winter and spring months
and that compnratively few cases occur n the summer
months  Ellermann (1922) observed most cases from
January to Apnl, Jarmai (1930 31) from September to
March, Schurmann (1030) from November to ebruary,
Kitt (1931) m November, Luttschwager (1930 31) 1n the
winter and spring months  Schaaf (1936) found a
distinet minumum from June to October as a result of
tis five years’ observations, a finding which was repeated
constantly from year to year (g 17) Accordimg t0
Schaaf this applies onlv to lymphogenous leukemia,
erythroleuhzma not bemng subject 1o these seasonal
varations  Lymphogenous leuhamia 1s by far the
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most frequent of the forms of fow! lewhTmin w hich hnve

been described  (Ellermann, 1922,  Lund, 1926,

Mathews and Walkey, 1929, Schaaf, 1936, and

others) It s difficult, however, to gnve defimte fipures,

simce many of those quoted i the lterature are un

certun It 15 probable that same of the leuk cmns
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(From Schaaf (1936) Z [nfekttr Haustrere <lix 214)

classified as lymphatie’ m the older reports were
erythroleuhzermas (Ellermann s original  travascular
lymphod leucosts ) and that in some of the more recent
reports neuro lymphomatosis gallimarum 1s included in
the group of lymphogenous leuhzemia  These reserva
tions as regards the exact presentation of the state of
affars do not however alter the fact that lymphogenous
leulzemia 1s the most frequent form
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Schaaf (1936) thought he had found a natural
explanation of the seasonal variation mentioned above
the fact that the age when leukzemia 1s most frequently
observed 1s from g 14 months and that chickens hatched
m the spring, constituting the majority of the fowls
most flocks, reach that age between November and
May It1s not unlikely that this may be the explanation
i the case of the observations he made, but the suggestion
that there may really be a seasonal varation mn the
occurrence of the disease gamns weight from the fact
that a seasonal vanation has been demonstrated 1n the
percentage of successes in transmission passages (Engel
breth Holm and Rothe Meyer (19356) and see Chap III)
In this connection 1t should also be mentioned that a
similar seasonal association with the winter and spring
months has been observed for leuhaemia 1n man (Lambin
and Gerard, 1934, Engelbreth Holm, 1935) It has
not been possible to find a satisfactory explanation of
these features Luttschwager (1930 31) observed the
occurrence of leuhzemia 1n only one of a number of
poultry farms housing a large flock of fowls This
particular farm was situated a little higher than the
others, on drier and sandy soil  The number of cases of
leukaemia increased mn a dry summer when there was
no grass but decreased again next year when the birds
had plenty of grass Accordmg to this, the relatively
small number of leuheermas 1n summer might be thought
to be connected with the protective value of green food,
but Engelbreth Holm and Rothe Meyer (1932) were
unable, in their expertments, to demonstrate any effect
from intensive feeding with greenstuffs It must be
emphasised however, that artificially moculated leuk
zmia was employed for these experiments, which there
fore cannot be exactly compared with the conditions
obtaining m the flochs mentioned above m which the
leuhzemia was spontaneous
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1t has 1l been thought that the furly regular
vartion throughout the year mught be connected with
hormonal condwons 1nd mught i paruculir, be
dependent on the egg lving penod (¢ ¢ Buvon 1929),
but rescirch on the moculited leukemits has ginen
htde support to this hypothesis (Engelbreth Holm
Rothe Mever and Ubl 1037

Thus s mught have been expected the obsenna
tions of the 1ppirent connection between fow] leuhzemin
and the seasons have not led to an understanding of the
xuology of the discase, which 1s still obscure It 1s
interesting to note. that Peacock (19,3) found a closel
simlar seasonal vanation n the rate of growth fataliny
and trinsmssibility of non filterable fow! sarcomata
induced by carcinogenic agents

The transmssibility of fowl leuhzemia—which, as
has been mentioned does not apphy to the lympho-
genous form—and the fact that the disease may occur
epizooucally n Inrge flocks have naturally given nise
to the idea (Ellermann and Bang 1908) that 1t may
be contagious Recent research has shown however,
that 1t should rather be regarded as neoplasuc, with
just as obscure a causal genesis as that of other
tumours

That many cases of the disease occur simultaneousl
m large flochs 15 not necessanly an expression of s
mfectious character The explanation of this feature
may just as well be that the unknown influence, or
nfluences leading to 1ts dev elopment can stmultaneously
affect many birds lnving 1n the same environment

In practice all attempts to mfect healthy birds by
keeping them with diseased ones (Andersen and Bang 1928
Jarmar 1930 Schaaf 1936) have shown that such infection
does not occur  Certainly Furth (19314) Jarmai (1932) and
Schaaf (1936) bave shown that virus can be demonstrated
blood sucking parasttes (argaside and others) when they have
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suched the blood of diseased birds, but experience has shown
that this possibility 1s of no importance

Patterson e @/ (1932) and Lee ¢ a/ (1937) claim to have
observed infection with neuro lymphomatosis, hzmocytoblas
tosts and lymphotd, erythroid, and myeloid types of leucosis
from simple contact, or when the chickens were allowed to
grow up on contammated Iitter, with the development of all
types after infection from one type It 1s impossible to estimate
the accuracy of the diagnoses from the published reports,
but the observations conflict with all other experience
Patterson and his co workers (1932) mention that therr cases
of myelowd leucosis’ mught show paralysts  This has never
been described 1n cases of real myelogenous leukzemia They
also mention that the erythroleucotic’ cases were dectdedly
icterte a fact which distingwishes them from typical erythro
leuk@mia  Posstbly such ‘leucoses’ were really examples of
the moderate leucocy tic mfiltrations described by Seagar (1933)
and Hepding (1936) 1n the organs in neuro lymphomatosis
gallinarum

Dobberstemn (1929), Schurmann (1930), and Schaaf
(1936) state that by far the majonity of the fowls attached
by leuksermua belong to ‘ pure’ breeds, forced by mtenstve
feeding etc, to produce a maximum of eggs White
Leghorns and Barred Rocks (¢ g Feldman and Olson,
1933) seem, 1n particular, to provide a large contingent
of spontaneous fowl leukaemias It 15 certain, howevers
that leuhaemia 1s also observed mn less ¢ pure ’ strams—
as a matter of fact mbred pure’ strains of fowls are
not known—and even 1n the very mixed barndoor fowl
(Schaaf, 1936 author s investigations) There seems
to be no difference between the sexes as regards suscepti
bility By far the majority of the cases of the disease
occur m adult fowls from one to two years of age but
it may also be observed m chichens (Mathews and
Walkey, 1929, Luttschwager, 1930 31), and even
birds which are only a fortmghe old
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The possitahity of 2 heredstary disposition towards
the deselopment of fow] leuk enmn has been considered
but Jarma (193,4), after wmestigiung this problem
stated that the possibahity was very ramote  Schanf
(19,6) came to the same conclusion Wl (1938) stated
however, that duning the st siv years the fuhemc
fow!s 1n some of the flocks i Sweden had been excluded
from breeding s soon as the diserse was recogmised
with the result that there scemed to be 1 decrease in the
number of casecs  11c could not however gnve definite
figures

There 15 no doubt that the Iy mphogenous and myelo
genous leuhumas in fowls are disenses of the same
nature as leuhzemins in mammals  Both the blood
changes and the changes in the organs are closely
similar 1n erch case  But apart from these points of
agreement, essentinl differences are found  Moreover,
one form of fowl leuherma — erythroleuheimia — s
practically speaking, peculir to birds, 2 fact that may
possibly be expluned by the anatomical and physio
logical differences between the h-ematoporests of birds
and mammals There exsts also one cirdinal difference
between leuhemin as 1t occurs in mammals and m
fowls namely, that the avian form can be transmitted
by a filterable virus  This, however applies only to
myelogenous leuhzmia and erythroleuh-erur  which
are closely connected

The difference betw een myelogenous fow! leukemins
and mammalian leuh-emias, namely the presence of a
demonstrable virus in one and 1ts 1bsence from the other
15 the same as that which exsts between virus contaning
fowl sarcomata and mammahan sarcomata of the same
histological type How fundamental this difference
may be 1s not yet hnown Whether the presence of an
easily demonstrable virus m the sarcomatous and
leukeemuc wissues of fowls means that these diseases are
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essentially different from the same diseases in mammals,
and whether the relauvely easy demonstration of the
fowl virus 1s due to a peculiarity 1n the mesenchyme of
fowls, or to the virus itself, are problems still under
discusston  More and more 1nvestigators seem to incline
to the opmnton that the viruses demonstrated in fowl
tumours of mesenchymal origin do not definitely dis
tinguish such tumours from the corresponding tumours
i mammals, but the question cannot be regarded as
settled

All these considerations, as has been mentioned
before, apply only to myelogenous leuhzma and
erythroleukzemia  Up to the present no virus has been
demonstrated mn lymphogenous fowl leukema This
form seems i no way different from lymphogenous
leuhzemra 1n mammals, but 1t appears in some respects
to take an exceptional position 1 the leuhsemic group
in birds particularly because, unlike the other forms, 1t
1s apparently not transmissible by a virus

In spite of much consideration, mn spite of the
study of a great amount of materral, n spite of
numerous observations of the occurrence of the disease
i different regions and m varying conditions, the
wtiology of fowl leuhezeria 1s still very nearly 1s obscure
as ever Many different hypotheses have been pro
pounded, but we do not know with certanty what
factors—exogenous endogenous or both—must exert
therr actions for the development of the leukhemic
processes



CHAPTIR I

SPONTANEOUS LEUKRZMIY IN
MAMMALS

Jusr as leuhzemin 1s hnown i many hinds of birds nd
may presumably occur m 4l of them, so leukemic
conditions have also been found m varous hinds of
mammals !

As has already been mentioned, Leisenng (1858)
published a case of 1y mphogenous leuh-emia in 2 horse
only a few years after Virchow (1845) had defined
leuh-emia as 1n independent disease 1n man  Cases of
lymphogenous leuharma 1n monkeys were described
by Massagha {192,) and Fox (1923) Siedamgrotzhy
(1871) Lellmann (1896) and Allen (1gor) described
cases mn cats ['ox (1923) n sexr hons Tz (1913)
Kliigel (1919) Habersang (1924) and others in horses
Nartmann (1938) n buffaloes  Zschocke (1014) Salo
mon (1932) and Czymoch (1937 38) in deer (elk roe
deer and fallow deer) Lund (1926 27) and Kitt (19318)
mn sheep  Averous (1896), and Krause (1921) n
goats  Jacob (1908) in elephants  Fox (1923) m
opossums  As none of the reports concerning these
ammals was anything more than an account of ind:
vidual cases, they will not be dealt with more fully ~ All
the cases seem to have been of lymphogenous tvpe,
although myelogenous leuhzemia 15 also said to have
accurred in horses (Jarmai, 1934)

More detailed information 1s available about leuk
@mn m dogs pigs, cattle, and 1 particular, rodents,
among which mice are of special interest, since the
study of leuhaemias 1 mice has contrtbuted essentially

to the understanding of the nature of these diseases
9
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LEUKZMIA IN DOGS

Leukeemia 1n dogs has been known since Siedam
grotzky’s (1871) and Cadiot’s (1892) descriptions of
cases of leukeemic lymphogenous leuhema In 1918
Dahlstrom and Henschen were able to collect fifty
cases from the Iiterature, and many have been described
since The disease does not appear to be particularly
frequent  Wirth (1931) found only ten cases (0 36 per
cent) among 2763 dogs brought to a clmic Only
adult animals are attached (from the age of two and a
half years) All breeds seem to be equally susceptible,
and most of the recorded cases have occurred 1n male
dogs Share Jones (19276) and Jarmai (19338) noted the
development of leukzemia 1in dogs 1n apparent connec
tion with traumata  All the cases described have been
lymphogenous

The lymphogenous leukzmias in dogs have some
what peculiar features and two different types of the
disease occur, one form corresponds to that observed
1 other amimals and 1 man, the other has the same
typical visceral changes but shows changes in the blood
that are not typical of lymphogenous leuhzma but
rather resemble non specific leucocytosis Both aleuk
@mic and leukeemic cases—the latter with up to 600,000
white blood corpuscles per ¢ mm —are found n typical
lymphogenous leukamia which 1s rather rare m
dogs

The visceral changes are the same as those found
throughout the animal lingdom 1n this form of leuk
@mia, z¢ generalised tumours of the lymph nodes,
tumours of the spleen, or tumours of the hver, whilst
changes seldom take place i the kidneys Lympho
cytic nfiltrations 1 the lungs have been described
(Bolhnger, 1874, Jarmai, 1933) and the lymphatic
system of the digestive tract 15 often wnvolved the
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bone marrow also contuns numerous lymphocyuc cells
The histological changes are the same 1s those seen
other amimals and 1 man
A form wlich s apparently peculiar to the dog
constitutes the myonity of the cases m this amimal
The charmetenstic pathologieal fenure of this 1s that,
while the viscera] changes resemble those of ordmnary
lymphogenous  leuhemin, they are accompanted by
anemn and pronounced leucocy tosis, with 1 preponder
ance of polynuclear leucocytes 1nd a few myclocytes in
the blood  Corresponding to this there 1s a varying
myelord hyperplisin in the bone marrow, m which no
lymphogenous tissue such 1s occurs in - pure * lympho
genous cases, 1s found The interpretation of this
picture has been difficult, and 1t has often been taken to
indicate leuhemic myelogenous leuhema  The most
probable explination of these strange pathological
findings however, has been gnen n the studies of
Dahlstrém and Henschen (1918) Wirth (1920) and
Wirth and Baumann (1933) True lymphogenous
leuk-emia 1s undoubtedly mvolied though with httle
or no leukzmic change in the marrow the latter
showing instead a simple myeloid reaction leading
to the leucocytosis In some ways the condition
resembles the form of leukaemoid myelogenous reaction
observed 1n ammals (particularly mice) which are
bearers of malignant tumours of various kinds  An
explanation of its special features mught therefore be
found 1n the fact that the leukzmic processes m these
cases—as 15 observed, for instance, in some cases n
man—have not extended to the bone marrow, the
latter 15 thus 1 a position to react with a leucocyrosis
that will naturally fail to appear in cases m which the
marrow tissue 1s completely or partly displaced by
lymphogenous leukzermic tissue  Wirth and Baumann
~ {1933) emphasised that the visceral changes 1n the two
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‘types ' of lymphogenous leuhemia i dogs are similar
as regards lymph nodes, spleen, liver, etc

A ‘venereal sarcoma’ occurs i dogs, being transmutted
from dog to dog by sexual imtercourse The condition was
regarded as a lymphosarcoma, by de Monbreun and Good
pasture (1934), for instance, but this assumption does not
seem to be justified on the existing evidence  Stubbs and
Furth (1934) emphasised that the cells are not lymphocytic
they are non differentiated and never mature to lymphocytes, nor
do they show any affinity to lymphatic tissue cells Spontaneous
generalisation or transportation of the cells 1n the circulatory
system has never been observed Kaalund Jorgensen and
Thomsen (1937) emphasised the similarity to reticulo sarcomata
but did not venture to include the tumours in this group
without further investigation

The tumours are most often found subcutaneously on the
penss and 1 the vagma and are easily transmitted experi
mentally by direct moculation or by rubbing mto the scarified
mucous membrane

LEULAMIA IN PIGS

Leuhzmia 1 pigs has been known smce 1865
(Leisering) and 1874 (Bollinger) According to Lund
(1924) the disease 1s not of frequent occurrence, possibly
because most of the animals are slaughtered while stll
relatively young Cases have, however, been recorded
1n quite young ammals for instance by Zivero (1904),
Niemann (1910) and Biester and McNutt (1926)

Lymphogenous leukeemas and chloromata m p1gs
have been described but myelogenous leukemias of
the usual type are not known The lymphogenous
leuhzemias (¢ g Raschke, 1915 Lund, 1924, Buester
and McNutt, 1926) are generally leuhzemuc, showing
up to 240,000 white blood corpuscles per ¢ mm, with
go per cent ly mphogenous cells The visceral changes
are those generally found in this form of leukzmia
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Changes are found not only i the spleen and lymph
nodes, which my be greatly enlarged, but also 1n the
Iner and kidneys, 1nd gencrally, too, n the bone
marron  Microscopreally they are typicat of lympho
genous leubemin Aleukumic cases also appear, but
less frequently (Jarmn, 1934)  In the course of twenty
years among one and 1 half million pigs intended for
slughter, Manegold and Machens (1927) observed
three cases of Iy mphosarcomatosis with 1solated ly mpho
sarcomatous nodes ¢ g n the hidneys, ind with enlrge
ment of indiniduil groups of lymph nodes No blood
changes were reported n these cases

Niemann s (1910} obsery 2tions on two c1ses in young
pigs seven and ten months old, are of specinl interest
For one thing the youth of the amimals 1s remarkable,
and 1t 1s also parucularly noticeable that the two ammals
were the offspring of the same boar No conclusion as
regards hereditary disposition can, of course, be drawn
from an 1solated 1nstance such as this, but the obseria
tion 15 of nterest 1n the hight of modern investigntions
of the sigmficance of heredity m the occurrence of
leukzemin 1n mice (sce Chapter VI)

Robertson (1900) was the first to observe the condi
tion so extraordiniry 1 many ways which 1s described
as chloroma m pigs ~ About ten cases were subsequently
described by Kutsera (1913), Clussen (1928), Hemmert
Halswich (1950), and Junich (1930) seven being
observed by the lastauthor In every case the discovery
was made by chance during the routine examimation of
the bodies of slaughtered pigs The findings in each
case were very smilar  diffuse, greemsh nodes up to
2 cm n diameter mn the periosteum and bone marrow
of the spine, ribs and other hones and mn some cases 1n
the kidneys In addiion enlargement of some of
the lymph nodes was frequently observed, and the cut
surfaceof thesewas found to have the same greemish tinge,

c
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which, as also happens in the case of chloroma 1n man,
quickly faded on exposure to the air  Microscopic
section of these nodes (Kutsera, 1913, Claussen, 1928)
revealed a compact mass of myelogenous cells—myelo
blasts and myelocytes There are no reports of blood
counts 27z vzwo, hut Robertson (190g) stated that micro
scopic examunation of clots of blood showed that they
contamned ‘ enormously mcreased leucocytes’

The findings at autopsy thus correspond closely to
those 1 human cases of chloroma, but the fact that
all the ammals were well nourished and had shown no
symptoms of disease before slaughter, when therr
disease was recogrused by chance, represents a very
different state of affairs from that occurring mn human
beings

Another pecuharity of the pathological picture of
chloroma 1s that 1t 1s very seldom met with m the higher
mammals for—apart from those reported above—only
one such case 1s known, mn a cow (Weaver, 1921) Inths,
the features were the same as those 1n the pigs, for the
amimal showed no symptoms and no chloroleuhemic
changes were noted until after slaughter

LEUKRAZEMIA IN CATTLE

Leukzmic conditions are not infrequent mn cattle
and are hnown 1n most countries The disease has been
particularly frequent in Germany, more especially mn
certain parts of the country, where 1t has caused con
siderable loss 1n a number of herds

The disease has been observed 1n both sexes The
reason that far more cases have been described n cows
than 1n bulls 1s presumably simply that farmers heep
many cows to each bull The anmmals are generally
attached at the age of six or seven years, but the disease
has not infrequently been observed mn ammals that are
a hittle younger or a Iittle older, according to Czymoch
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(1937 38) from threc to exight years  Leuhemin hs been
noted 1n calves, though more rarely  Rasinger (1920)
observed 1t 1 2 bull clf exghtecn months old, Vogt
(1929 30) 1n 1 cnlf 1 fortmght old, and reports huve been
made by other authors (sec Jarmw, 1934)  Katzke
(19,5) thought he hnd obseryed leuk tmin in the feetuses
of leuhemic cows, 7 detuled description was given of
only one case, in which 1 small subcutaneous infiltration
was found 1n an otherwise normal feetus  As no histo
logien! report 1s 1vulable, the nature of this infiltration
15 extremely doubtful
Statements concerning the frequency of leuhaemia
in cattle onginate paruculauly from Germany, where
the disease has been subjected to thorough ns estigation
n recent years Dobberstein and Seifried (1938)
stated that from o 15 to o 4 per cent of all the cattle for
slaughter 1n Germany had to be rejected because of
leuh&min  These authors also reported that the fre
quency of the discase had increased by about 100 per
cent during the years 1927 36  Junackh (1932) was
of the opmion that the diserse had doubled or even
trebled in twenty five years Lockau (1933) found
leukzerma 1n 0 6 per cent of about 24,000 cattle
Berlin intended for slaughter In agreement with
other German authors Schottler and Schottler (1934)
reported that the disease was much more frequent east
than west of the Elbe and stated that the great increase
m the number of cases of leuhmia in German cattle
began m the neighbourhood of Memel in East Prussia
whence 1t spread westwards They often observed
leuk®mia m 10 per cent or more of the herds in the
districts most affected By way of illustration, mention
was made of four herds m which g out of 55, 7 out of
15 12 out of 70 and 16 out of 60 ammals respectively
had to be hilled because of leuhzerma
These large numbers were all cases of lymphogenous
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leukemia  Sufhcient information 1s not yet available
for the proportion of leuhzmuc to aleuh-emic cases to
be decided, but both kinds occurred More than
100,000 white blood corpuscles per ¢ mm , with a great
increase of lymphocyuc elements and often with the
appearance of lnrge, non granulir, young cells, described
as ‘lymphoidocytes !, with leptochromatic nucler and
nucleoli (du Tout, 1916), were found in the leul nuc
cases These cells must presumably be regarded as
lymphoblasts  In addition, anzma was often found
to be present

An wmteresting series of mvestigations was carried
out by hnuth and Volkmann {1936), who exammed
the blood of cows from herds n which Jeuhznma had
appeared They found changes n the blood of eight out
of forty ammals, m the form of a relative lymphocytosss,
with up to 93 per cent lymphocytes, of which some
were pathological, resembling those observed i mam
fest leuheemia  Wittstock (1922) followed up the same
animals six years later when 1t appeared that st of the
eight had died from leukaemua, while one had been hifled
on account of pericarditis and only one was healthy

The visceral changes are often charactensed by
considerable swelling of some groups of lymph nodes
with only shght changes or none at all i the lrer
spleen  and bone marrow  This led Knuth and
Volkmann (1916) who were the first to gne a
detailed description of the disease i East Germany,
to regard 1t as an mdependent disease ‘lymphocyto
matosts , comparable with hundrat s leucosarcomatosss
Knuth and Volkmann admutted, howeser, that 1t could
not be defimtely distinguished from true leuhamia
Later workers (in particular du Ton, 1916) showed
clearly that the disease was indeed a typical lympho
genous Jeuhzma Certammly the enlargement of the
Iymph nodes 1s the most common as 1t 15 the most



¥16 18 —hiduey of bull with alewhunne lymphogonon  leuhum
infiltrations of fymphocyue cells are sees between the twbufes X abous
wo  (Figs 19and o 1re from the same cise )

Fi¢ 39 -—Bone marrow of tibia from bull with aleukamic lymphogengus
feukmmia  The tissue of the marrow 1s ener ran by numerous hympho
cytic cells X about 100
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obvious, feature, but typical lymphatc infiltrations
are also observed wn the heart, lungs digestive tract
and—Tless frequently—the Iiver and spleen, the latter,
according to Junack (1932), 15 enlrged and the site of
leuhemic changes in 25 per cent of the cases  More

over, tumour like lymphatic infiltrations are often found
in the retrobulbar region, leading to exophthalmos,
and 1n the musculature 1nd bone marrow  Of particular
interest 1re the descriptions by Neumann (1910), Knuth
and Volkmann (1916} and Bulow (1932) of lymphauc
filtrations around the spinal cord, to which, rccording
to Bulow, they have extended from the Iymph nodes n
front of the spine by spread along the perineural sheaths

In a number of cases this has led 10 paralysis, evidently
caused by pressure on the nerves Analogous changes
have been observed 1n cases of lymphogenous leuhaemia
in mice (see below)

The hyperplasia of the lymph nodes, which 1s the
change most constantly encountered, may affect an
ndividual group or be universal  All stages are seen,
from moderate hyperplastic enlargement to enormous,
greyish white fairly firm, tumour ke masses which,
when cut not infrequently reveal necrosis

Enlargement of the spleen, though inconstant, may
be very considerable—up to about 1 metre in length
and 20 kg mn weght (Jarmai, 1934) Microscopic
examation of the lymph nodes and spleen shows the
same diffuse infiltration by pathological Iymphocytes as
15 seen 1n cases of lymphogenous leuhzemia o other
spectes

The liver also may be considerably enlarged though
not to the same extent as the spleen  Microscopy
reveals periportal infiltranons which may be tumour
like and nodular and an accumulation of Iy mphocy tic
cells 1 the capillaries This appearance may also be
found 1n lwers that show no change macroscopically
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Similar changes, diffuse or nodular, are found in the
Lidneys (T1g 18) The bone marrow has been exam
med 1 only a limted number of the published cases
It 1s generally yellowsh red and semi transparent, with
scattered small red foci, Yeen under the microscope to
be composed of the same lymphocytic cells as character
1se the other lesions (Fig 19) A common feature 1s a
considerable swelling of the lymphoid follicles of the
digestive tract, and heavy cushion like, submucous
mfiltrations are usually seen 1n the wall of the gut
The myocardium, and in particular the wall of the
auricles, 1s very often the seat of whitish grey tumour like
infiltrations (Fig 20), and similar lesions may i rare
cases be observed 1n the uterus, urmary bladder, udder
and lungs

The changes are thus often of a more lympho
sarcomatous character than 1s the case 1n other animals
and 1n man

Almost every concenvable possibility regarding the
ztiology of leuhzerma m cattle has been put forward
and discussed  Knuth and Volkmann (1916) and
Czymoch (1937 38) agreed that infection from ammal to
animal never occurs  The 1dea that the disease may
possibly be connected with the feeding of cattle 15 wide
spread  Several authors, eg Wittstoch (1922) and
Czymoch (1937 38), who carried out comparative studies
of the conditions of 300 herds i East Prussia, state that
the disease 15 particularly frequent in amimals that graze
on morst clay or boggy soil du Toit (1920) had come
to the same conclusion and compared these condittons
with the occurrence of endemic struma in particular
districts  The observations published do not, however,
provide any definite proof that this connection esists

Lochau (1933) found no great increase of the disease
at particular seasons but he stated that cases occurred
rather more frequently 1n the October December period



Flg  o-\Myocardmum of bull with evkams lymph feuhaemia
The musculir cofumns we seprrated by massive snfiltrations % bout
100
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LEUKLZMIA IN RODENTS

Among rodents true leuheerma has been recorded
with certamnty only m rats, mice and guinex pigs

MeCoy (1914) found no leuhzemin or similar conds
tion 1 50,000 squirrels m San Francisco and observed
only one malignant tumour (sarcoma) in the whole of
his matenal, facts v hich are in themselves remarhable
Fraser (1925), on the other hand, ohserved a number of
cases of lymphosarcomatous lesions (which were trans
plantable) m the viscera of South Amerscan red squurels
Blood changes of a leuhiemic character were occasion
ally observed tos ards the end m these cases since the
tumour cells, which resemble reticular rather than typicat
lymphogenous cells 1mvade the arculatory system
during the last stages of the disease

von Gierhe (1914) Schultze (xg14), and Zschoche
(1914) observed lymphosarcomarous nodes in rabbus
son Gterhe found a considerable enlargement of the
spleen and white nodules 1 the heart and kidneys 10
his case  In Schultze s case the discase appeared to be
transplantable, and a leukamic condition, with enlrged
spleen and m two cases, blood changes, was found
among the supposed transmissions

The spontaneous occurrence of true leuhzmia b8
not been observed n wild rbbats, and the fact that only
three cases have been described out of the innumerable
domesucated ribbits observed tor years, n Jaboratories
all over the world shows that the disease occurs onlv
extremely rarely i rabbats

Typictl leuhemia has however, been recorded 1
guinea pigs by Snyders (1926), who—hhe Miguez
(1918)—also described transplantable ly mphosarcomata
in these amimals  The leuh-emia was transmussible by
means of cell cont uning matersal (see p 102)
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11 UK LMIA IN RATS

Leukemir 15 very rare among wild rats  McCoy
(1910) and Woolley and Wherry (1911 12) agreed that, on
an wverage, one case of tumour was found n every 1000
of these amimals, but that only one lymphosircomn,
which did not show generalised leuhemic changes was
observed in every 2, 000 immals  Bullock a1nd Rohden
burg (1917) 1lso deseribed 1y mphostrcoma 1n wild rats

Typieal leuhzmias both lymphogenous and myelo
genous—including  ¢1ses resembling  chloroma—have
been obseried mn laboratory rits  Bulloch and Curtis
(1930) described cases of lymphosarcomata in these
ammals  Wilens and Sproul (1936) found 12 cases of
teuhzemra of spontineous origin among 365 ammals of
an inbred strain of rats, and, of these 12 11 were
myelogenous and one was lymphogenous  Green colour
mg of the leuhmmme mfiltrations was observed 1 4 of
the 11 myelogenous cases All the cases occurred 1n
ammals that were over twenty months old

Rash Nielsen (1938) observed among thirty old rats
not of an mbred stram, an animal with 2 transplant
able aleukmic myeloblastoma of the mesentery
with moderate swelling of the mesenteric lymph nodes
and 1 the liver and splenic pulp some pernvascular
infiltration of similar cells

Ina period of five years, Oberling Guerin and Guerin
(19,9) found 9 cases of leuhaermia among 6000 rats 6 of
which were lymphogenous and 3 myelogenous These
cases, which were very carefully investigated, present
many interesting facts The disease was observed
only m old amimals, at least seventeen or eighteen—
and the majority over twenty eight—months of age
Of 6 lymphogenous cases 2 were subleukzemic (about
40 000 leucocytes per ¢ mm ) and 4 leukzmic with con
siderable numbers of pathological cells 1n the blood,
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generally atypical lymphocytes with azure granules
In one case very young basophl cells resembling
lymphoblasts were observed , these should possibly be
regarded as hamocytoblasts (‘ leucemie a type lympho
blasuque ou hemocytoblastique’) In some cases
considerable myelogenous reaction (¢f !ymphogenous
leukeemia with leucocytosis i dogs) or anzmia with
many basophil erythroblasts in the blood was observed,
findings which may make definite classification of these
cases difficult .

There was very considerable enlargement of the
spleen and liver 1 all the cases, whereas enlargement of
the lymph nodes did not occur 1n every case Micro
scopy revealed typical diffuse leuhzemic changes in the
organs A large tumour of the thymus, fillmg the
anterior medastinum, was found in one of the sub
leukzemic cases

In the 3 myelogenous cases the hiver was 2 3 umes,
and the spleen 10 20 times the normal weight, there
was also distinct enlargement of the lymph nodes  The
blood was examined and found to be leuhaemic m 2 of
the cases, and m these the leukamuc infiltrations were
observed to be green (‘leucemie myeloide du type
chloro leucemue *)

Typical leuhemic nfiliritions were seen histologic
ally consisting of myelocytic and myeloblastic cells,
many of which also filled the capillaries, especially
the liver

Oberling, Guerin aind Guenn emphasised the diffi
culties encountered 1n attempts to classify rat (and
mouse) leukzemias These are characterised by large
immature non granular cells and 1t 1s difficult to decide
with certainty whether they are lymphogenous or myelo
genous  They will be further discussed 1n the section
on mouse leul ema below
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LEUR TMIA IN MICH

As m rats, both lymphogenous nd myclogenons
types of leuhimuy, Aleuh tmic as well as lcukumic,
are hnown in mice  All transinonal forms arc found,
from the classic leuhemic picture through alauhemic
forms to pure neoplistic lymphosircomatn aind myelo
cytom1tr or mycloblistomatr (‘ chloromatn’)  One s
thus confronted with 1 series of pathologicnl pictures
corresponding so closely to the human leuhemins in
their most v arted mamfestations that 1t 1s hardly possible
to muntun any longer the sharp distinction between the
ammal and human disease that has been drwn for
many years Unul recently there was a tendency to
sound a note of warning when 4n 1ttempt was made to
apply conclustons from Inboratory observanions of leuk
@mia i mice to the condittons obtauning i the human
diserse  Ithas gradunlly become obvious, however that
the leuhaemias of min and of lower animals are ndeed
analogous (see for instance, I"urth, Fernis and Rezn:
Yoff, 1935) 7nd that, with the nvesugation of human
leukemia as an end, the study of leukhemia 1n other
species must be amply justified  Thus 1s particularly true
of mouse leuhaemia in which the whole chniweal and
hematological picture as seen 1n man, with all 1ts well
known variants—transitions to tumour formation, mono
cytic leukzerma, etc —in addiion to the two classical
forms, 15 smitated m a way that 1s really surprising

The first descripuion of leul@emia 1n mice was given
by Eberth (1878) The mice concerned were, like the
rats laboratory ammals—generally albinos, leuhzemia
m wild mce has never been described  Further cases
n laboratory mice were reported by Tyzzer (1907 08)
Haafand (1911), von Gierhe (1914), Levaditi (1914)
and others but 1t was not until the last eight or ten
years that any real advance mn the swdy of the
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diseasewas made Cases were not avatlable for investiga
tion 1n large numbers unul ‘ pure’ mbred strams of muce
were employed After a certain number of generations,
relatively constant conditions are obtamed n the manner
i which ammals of these strains react to external
mfluences, and one or more diseases which are entirely
or partly dependent on heredity are seen to occur with
special frequency n many of them The opposite
result, that hereditary disease may be made to disappear
by suitable inbreeding, can of course also be attained
In some of these strains leukeemic processes are very
frequent, one form generally predomnating

Against the great unportance ascribed above to the
study of mouse leukemias, 1¢ might perhaps be advanced
that the leuh®mias now under discussion are nat really
spontaneous but have been developed mn the stran
by aruficial inbreeding  Undoubtedlv nbreeding has
caused a considerable mcrease in the number of cases
of leuhmmia 1n certam strains, but there s no ground
for the assumption that these leul @mias differ m any
way from those observed now and then m tandu sdual
mice which are not mbred, and the theoretical objection
to the use of pure strams has in any case, been met
by obsersations with hybrid strams (Gorer, 1938) The
inbreeding has not changed the character of the disease to
any demonstrable extent butit has provided an enormous
amount of experimental materal which could hardly have
been collected otherwise and which 1s, in many ways far
more valuable than the leuheemias produced by trans
mission  the latter mdeed cannot be compared with
the spontaneous cases i non mbred strams without
certain reservations

The first account of hereditary leuhsemia m mbred
mice was gnen by Richter and MacDowell (1929)
Lymphogenous Jenhzma occurred i a very lasge
number of the anmals of a swramn (C 58) which had



F16 23 —Blood of mouse (strun Aka) with lymphopenous leuh-emea Many
large atymcrl but relanely well differentiated lymphocytes X 1bout
1000

F1G 4 —Blood of mouse (strun Aka) with stem cell leuhemin  The picture
15 charactensed by non differentinted cells resembling myeloblasts

X about 1000
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been wbred simce 1921 The diserse prosed to be
trinsmissible to healthy ammals (see bedow) Ninety
per cent of the wmmis from the 18th to the 24td
generation of this strun developed leuhumin after the
age of sin months  Of 33, such cases of tcukamen,
450 were lymphogenous, 6 were myclogenous and 1n
87 the type of the disease could not be determined with
certainty, generally because of post mortem changes
Shortly after this MacDowell and  Richter (1931)
reported 1nother stran (No 8$9) n which many of the
ammals lihewise developed leuhtmin Fhese also
were cises of lymphogenous teubemi, aleukanue or
leuhzemic, with transitions to more tumour hike Iy mpho
sarcomata

In 1950 Mercier reported 4 spontineous cases of
pulmonary lymphosarcomata in 1 strun mbred since
1926, and Turth and Strumn (19,1) reported 1 new
stram of the same hind  Subsequently, Furth, Seibold
and Rathbone (1933) and Barnes and Sisman (1939)
described this stramn and two others, which were cnlled
respectively stocks A, R, ind S In strun Ak which
resulted from the inbreeding of the ammnls 1n stock A,
Iymphogenous leuhemia was common while myelo
genous leuheerma was rare  In strain Rf which simlarly
resulted from the mbreeding of stoch R, myelogenous
leuhzma was common but ly mphogenous rare  Subse
quently both forms (and atypical forms) were found in
stram S Finally, Kirschbaum and Strong (1939)
reported a strain which had been inbred for many years
and 1n which numerous cases of leukzemia both myelo
genous and lymphogenous were obseryed

Slyes stock 15 an esample of a stram of mice m
which the disease 1s rare simce Simonds (1925) found
only 39 cases of myelogenous leuheermia 139 cases of
lymphogenous leuhzzmia and 51 cases of lympho
sarcoma among the first 15 000 autopsies



46 LLURZEMIA IN ANIMALS

These 190 lymphogenous and sarcomaitous cases
revealed several fextures of mterest Only 28 typical
lymphogenous leuhemins were found  Subleuhemic
conditions were observed 1n 23 animals and aleulemic
leukemias 1n 74  Furthermore, all transitional forms
were found from leukhemic or Aleukzmic leukemns to
typical lymphosarcomata with or without changes mn
the blood Simonds described § cases which resembled
Sternberg’s leucosarcomatosis i showing Iarge lympho
sircomata (¢ g 1n the mesenteric glinds), 1s well s
leuk-emic changes, he also described 14 subleuhamic
cases with lymphosircomatous visceral changes and,
finally, 51 pure lymphosarcomata with no leuhamic
changes in the blood or organs

Andersen (1934) found leuk-emic diseases in 5 4 per
cent of more than 1000 laboratory mice which were not
mbred  All the cases were lymphogenous, some bemng
leuhemias others lymphosarcomata

It will be understood that 1t 1s 1mpossible to give an
account of the frequency of occurrence of the various
forms of leuhzmia in mice generally since our hnow
ledge 1n this respect 1s extremely shght The very
extenstye information which has gradually been collected
about the various features of leuh-emia 1n mce onigm
ates principally from the artficnlly inbred struns
mentioned 1bove It 1s, however, defimtely estabhished
that lymphogenous forms are far more frequent
than myelogenous, as was the case in Stmonds’s and
Andersen’s materinl

DIFFERENT FORMS OF MOUSE LEURAMIA

Lymphogenous lewdama m rmce 1s usually char
acterised by very pronounced visceral changes and
considerable general enlargement of the Iy mph nodes (up
to 5 8 mm 1n dinmeter) the latter showng 2 umformly
whitish yellow or yellowsh red appetrince There 1s



F16 25 —Mouse of mbred stran Black  with nyehyenous leuhenua
Great enlargement of the lner and spleen but very shght enlirgement
of the lymph nodes
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also pronounced enlargement of the spleen, which may
be from 3 to 3o umes the normal size often exhibiting
visible whitsh grey mfiltrations of the purple pulp
The organ 1s rigid and smooth  The hyver may be con-
siderably enlirged, but macroscopic exumnation gener
ally shows only moderate chinges (Fig 21) In many
cases 1 thymie tumour 1s also found (Tig 22), and thus
may be so enormous that 1t fills the thorax 1nd com
presses the heart and lungs  It1s uniformly whitssh grey
or yellowish on section  As nlrendy stated, the blood
may be leukhemic or aleuk-emic, but no mnformauon as
to the compraune frequency of these states 1s avulable
except that supplied by Simonds (1925), who, as alreads
mentioned, found 28 leuhemic 74 zleuhtmic and 23
subleuhzmic cases m 15,000 mice  An aleuh-emic or
subleuhaemic blood picture, changing in the Iast few
days of hfe to = defimely leuhemic picture with as
many as 200,000 to 600,000 cells per cmm, 15 not
infrequently seent

The pathological cell which charictenses the blood
picture of this disease 1s 1n some cases a relanvely
mature though somewhat atypical, small lymphocyte,
corresponding to the lymphocyue cell dominant 1
chronic lymphogenous leuhzermia m man (g 23) In
other cases shghtly larger cells with pronounced baso
phil non granular protoplasm +nd relatnely large,
round or often shightly wregular, leptochromauc nucle:
contamning from two to five nucleol are found (Fig 24)
They do not i themselves bear any resemblance to
lymphocytes and doubt has therefore often been
expressed about therr classification  Transitional forms
between these cells and typical Iy mphocy tes are however
found 1n some cases and therr classification as lympho
blasts 1s probably jusufied In other cases, cells are
found which are closely similar to these 1n morphological
appearance (¢ g Rask Nielsen 19,6), but which now
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and then appear to show 2 positive peroxidase reaction
and must therefore be regarded as myelogenous The
visceralchinges associated yath the various blood pretures
can hardly be distinguished from one another  Whether
these forms are to be regarded as examples of stem cell
leuk -emia, with an r1ccumulation 1n the blood and organs
of a stem cell that may undergo either Iy mphocytic or
myelocy tic differentiation (monophy letist interpretation),
or whether they are to be regarded as separate lympho

blastic and myeloblastic leukzemias, in which howesver
the ‘lymphoblast’ cannot be distinguished morpho

logically from the ‘ myeloblast * (dualist interpretation),
1s really of minor importance, no matter how great its
theoretical nterest  To exemplify how difficult 1t may
be to classify cases of this hind 1n mice—1nd also n rats
—mention may be made of the assertion by Oberling,
Guerin and Guerin (1939) that a definite diagnosts may

sometimes be impossible (‘ leucemie a type lympho

blastique ou hemocy toblastique *)

A spontaneous leuheermia 1n mice was described by
Krebs, Rask Nielsen and Wagner (1930) 2s ‘ lympho
sarcomatosts ' or ‘ lymphomatosis infiltrans Jeuhemica
et aleukzmica , but Rash Nielsen (1936), in later
studies dealing with sertes of transplantations originating
from this case regarded it 1s myelogenous as did also
Kaalund Jorgensen (1936), who characterised the disease
as ‘ myelomatosis (reticulosis) ’

Bestdes these cases of stem cell leukzemia—up to
the present presumably the most suitable and non
commuttal term for this form of the disease 1n mice—
there are, as already mentioned, unquestionable cases
of both lymphogenous and myelogenous leuhzema,
which correspond to typical chromc human leuk-emiis

Kirschbaum and Strong (1939) emphasised the fact
that the stem cells occurring m lymphogenous and
myelogenous leukeernia may be quite stmilar  These



FIC  6—TIner of moue (trun k1) with hymphogenou leukimia
Massne penvascular infiltration by [vmphocytes ind mans fymphacytic
cellsin the expiltanes > about 100

Fic 27 —Lung of mouse (stram Aka) with lymphogenous leukzmua
Massive strands of lymphocytes extend from = thymus tumour along

the vessels and bronchi into the lung tissue X about 10
1y 48
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authors, who give 1 detuled cytological description of
the vartous types of cell seen m the two forms of leuk
emi, concluded that they are not normal immature
cells but re atypical  Morphologically, 1t may hardly
be possible to distingmsh normal immature cells from
leukhemic cells, but the latter are essentinlly different
from normal cells m their tendency to mbgnant
proliferation

Myelogenous lewkama i mice 1s best known from
the studes of Sumonds (1925), and Turth (1934¢ and
1935¢) and his co workers (Hall and Knocke, 1938,
and Barnes and Sisman, 1939) The myelogenous
(mamly myelocytic) leuhermas are charactensed by
very great enlargement of the spleen and liver but, in
many cases, only shght enlargement of the lymph nodes
(g 25) Lnlargement of the thymus may oceur,
as m stem cell leuhaerma, and 1s often very marked
The changes n the blood 1n leukzemic cases resemble
those 1n chromc myelogenous leukamia 1n man, with a
great increase of myelogenous cells at various stages of
differentiation, and a preponderance in some cases of
typical myeloblasts, 1n others of promyelocytes, and in
others of myelocytes

Besides these typical cases, mstances of chloro
leuk@mia have been observed (Hall and Knocke 1938)
and a case with atypical cells m the blood and visceral
infiltrations, of a sort which Barnes and Furth (1937)
regarded as megaharyocytic  Finally, Furth (1939)
has described a case of monocytic leukzema in a mouse

A common feature of all the forms described 15 that
the histological changes in the organs correspond
exactly with those found in leukamic processes of 2 simlar
kind m man The lymphogenous leuhzemias are char
acterised by diffuse infiltration of the thymus, spleen
and lymph nodes by the Iymphocytic cells described
above or by undifferentiated stem cells The normal

D
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structure 15 usually entirely obliterited 2nd the histo
logical picture 1s umform, with tghtly piched small
round cells, without granules and with shightly poly
morphic rounded nucler which almost fill the cell A
very fine reticulum s seen between the cells The
capsules of the lymph nodes are often nfiltrated, 2nd
the surrounding fat ind connective tissue invaded, by
leukemic cells  The sime cells form pervascular in
filtritions 1n the hiver and are found in all Iayers of the
vessel walls A more or less pronounced 1ccumulation
of stmilar cells 15 seen n the capillaries of the Iiver
(Thg 26)

Both the mterstitial infiltritions and the nccumult
tions within the vessels are less constint 1n the
Lidneys, but the former are not mfrequently found
round the pelves of the hidneys, spreading thence to
the renl tissue  In cases with large tumours of
the thymus, mfiltritions are often observed to extend
downwards to the heart, mvolving particularly the
musculture of the auricles and, firther out, cuffing
the pulmonary vems for some way into the pulmonary
tissue (C1g 27)  Other organs (¢ ¢ the salivary glands)
may 7lso be the site of leuh-emre infiltration

Paralysis of the hind legs, crused by infiltration
around the roots of the nerves and into the spinil cord
(Turth, Seibold and Rathbone, 1933), has been observed
in mice (Tigs 28 1nd 29), 15 1n cattle

Typical leuhemic nfiltrations consisting of myelo
blasts, myelocytes 1nd, to 4 lesser extent, more differ
entinted cells of the myeloid series are found mn the
myelogenous forms (Ig 30) These not infrequently
spread mvasiely (¢ g mnto the muscles) H-emorrhages
are also seen in the lymph nodes and the perinodal
ussue According to Barnes and Sisman (1939) 1t 1s a
significant pont 1n the histological dingnosis that the
myelogenous infiltrations contun no erythrogenic foc



Fit 28 —Section of spine of mou ¢ (strun A1) with lymphogenous
levhemin  Massine epudural lymphocytic infiltration 1nd anfiltration
of the musculyture 2round the spine  The bind legs were panlysed
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and few, 1f any, megiharyocytes, these being scen only
in the organs m which they are normally found  This
15 important 1n differentinting myelogenous leuhaermia
from leukemoid extramedullary myelopoietic processes,
which arc not infrequently found in mice in various
condions (see Chapter VIII)  As in rats, caule,
fonls 1nd presumably other amimals, all ymaginable
transitions are found, from typical leuhzemia with blood
changes and diffusely distributed visceral changes, via
aleuhemic cases with more tumour like nfiltrations 1n
the organs, to pure lymphosarcomata and myelogenous
sarcomata, respectiyvely

The part played by mouse leukzerma 1n recent
years, n the study of the leuhaemia problem as a whole
can hardly be overestmated \Whsile observations on
leukzerma 1n pigs and cattle hinted at the importance
of the hereditary factor, the examnauon of strains of
mice with and without leuhzerma has unmistakably
shown the great—though not wholly decisive—signi
ficance of this factor The genetic aspect of the
leuhzermia problem will be dealt with in detail
Chapter VI

It 1s also principally through investigation of the
mouse leuhzermias that an insight has been chtatned 1nto
the anteraction of inherited constitutional tendencies
and external mfluences which 1s generally necessary 1f
the result 15 to be a manifestation of the leukamic
process  These condrons are discussed in Chap VIII

THE SPECIAL POSITION OF LYMPHOGENOUS
LEUREMIA
It has already been indicated (see pp 29 46) that
leukzermia has been observed m many mammalian species
If mammalian leuhzemia be regarded as a whole, the
most remarkable feature 1s the absolute preponderance
of 1y mphogenous leuhzzmia and lymphosarcoma
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In all the spectes in which a large number of cases
of leukaenua has been observed, the lymphogenous form
15 predominant  None but lymphogenous cases are
koown m dogs rabbits, squirrels and gmmnea pigs,
and m pigs and cattle, m addition to lymphogenous
leucosts, only a few cases of chloroma have been
described  Descriptions have heen given of undoubted
myelogenous leuhiemia and stem cell leuhaemia in mice
and rats, and of a few cses of monocytic leuhwerma and
atypical cases in mice, but in these ammals too, the
lymphogenous forms constitute the vast majority of the
cases

The state of affairs found in birds 15 thus also found
in mammals These facts may perhaps mndicate that
lymphogenous leuhaemia occupies an exceptional post
tion among leukaemias  This 15 apparent 1 the case of
birds since the lymphogenous leuhemias, as already
mentioned, do not seem, hke ather forms, to be caused
by a virus  Furthermore lymphogenous leuhemia n
fowls 1s subject to certain seasonal vamations which
are not found 1 respect of the other forms Although
stmular seasonal v ariations are not obvious in mammalan
or human leukemuas, lymphogenous leuhzema has
sufficient peculiar features, of which the significance 15
not hnown with ny certanty, to justify the sugges
ton that 1t mav possibly be a umque form of the
disease So far as human leubmmas are concerned
these features mclude the fact that about 8o per cent
of the leukaemic cases occurning n famihes are lympho
genous (Petr, 1931 Ardashmkov, 1937, Gottlebe,
1938), as well as the remarhable observation that an
association—as yet unexplaned-—~sesms to exsst between
eul mmia and zoster generahsatus, and that about
go per cent of the cases showing this association are
examples of Iy mphogenous lenhaemia (Marques, 1937)
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PART 11
TRANSMISSION ENPLRIMLNTS

Tur first experiments m which an attempt was made
to trinsmt leuhumia from one ammal to 1nother were
reported s carly s 1872, when Mosler attempted,
though unsuccessfully, to produce leuk emin in various
ammals by the mjection of maternal from leuhtmic
patients  Such cvperiments have subscquently  been
repeated many times, but 1lways with negatne results,
which 1s not to be wondered at, since modern rescarch
has established the fict that the heterologous trans-
plantation of neither leuktmic nor other kinds of
neoplistic tissue ¢an be expected to be successful

It 1s possible to transplant the ussucs of leukemc
ammals only into ammals of the same type In the
case of mammals this 1s further dependent on 1 close
relvionship between the amimal from which the tissue
15 taken and that nto which 1t 15 transplinted
Attempts 1t homologous transplintation will, there-
fore, often ful 1if the kind of ammal only 1s
considered The first experiment in the homologous
transmission of leuhemia was carried out by Bollinger
(1874), who injected the splenic tissue of a leukemic
dog emulsified 1n phystological salt solution, mto the
lung of another dog, Bollinger chose injection nto the
lung because this organ had proved to be a site well
suited for inoculation 1n the transmission of tuberculosis
Cadiot (1892) attempted to transmut lymphogenous
leukeermia to twelve healthy dogs (and also to three
cats, two goats, two rabbits and twelve guinea pigs) by
subcutaneous, intraperitoneal and ntravenous injec
tions of material from a dog suffering from the disease
Sumilar experiments were reported by Emile Weil and

Clerc (19044) and others but all gave negative results
53
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Ellermann and Bang m 1908 were the first to succeed
m transmutting leuhzemia, when they trinsferred fow!
erythroleukeermia  and myelogenous leukamia from
diseased to healthy birds Countless expertments with
fowl leukamia have since been carried out all over the
world

Attempts have also been made of recent years to
transmt other bird leukaemins  In 1938 Durant and
McDougle tried to transmit the disease from leukamic
canaries to other canartes, by means both of blood
and of emulstons of the organs Jarmat (19,9)
attempted to transmut erythroleuheemra from one budge
rigar to twelve others, and also to canares, goldfinches,
fowls, pigeons and mice, but without success Schurr
meister (1938) tried to transmit leuhzernia from a turhey
to a gumea pig a rabbit and a chicken by the sub
cutaneous myection of a tssue emulsion A large
nodule, the size of 2 plum, appeared in the chichen at
the site of moculation and this, when examned histo
logically, displayed a picture identical with that of the
infiltrations 1n the organs of the turkey This finding
15 of mterest n relation to the fact that fowl leuhzem
has been transmutted 1 a few cases to turkeys (see p 65)

In discussing such apparent heterologous trans
mussions of bird tumours 1nd leukzmias dependent on
virus, 1t 1s not possible to decide without further data
whether an actual infection resulted z ¢ whether the virus
1 question was able to attach the cells of the new host,
or whether the case was merely one of simple survival,
e g of the tissue of the turkey in the body of the chichen,
which could hardly be called transmussion’ to the new
species Survival of that nature must be considered
rather as a ‘ tissue culture’ of tumour tissue from the
turkey 1n the body of the chicken, and the latter n
such cases cannot properly be described as tumour

bearmng’



CHAPTLR 1T

TRANSMISSION EAPERIMENTS IN TOWL
LEUK/EMIA

Durine the years 1908 20 Ellermann and Bang crried
out 1 long series of ivestigations into ' transmissible
fow! leucosis’, 1s Lllermann proposed to call the disense
In their very first experiments they established the fact
that fowl leukemia can be transmitted to healthy
fowls by means of cell free centrifugates or filtrates,
and they assumed that the pathogemic agent must
belong to the group of ultrivisible viruses

Ellermann and Bang's results were cntcised n
various quarters and explained m different ways, but
they were soon confirmed by other investigators, ¢ g
Hirschfeld and Jacoby (1909, 1912), Schmesser (1915)
and Magnusson (1915)

After this a long period followed in which interest
in transmussible fowl leukzemias appeared to wane, and
in which no study of any importance was pubhshed on
the subject, the interruption of researches, caused by
the War of 1914 18, was no doubt, partly responsible for
this hiatus It was not unul the years 1929 30 that
the mteresung and important features of these diseases
were agaimn thoroughly mvestigated Almost simulta-
neously intensive research was begun in the US A
by Furth (1929) i Hungary by Jarmai (1929)
i Denmark by Engelbreth Holm (1931 32), and m
France by Oberhng and Guermn (1933) These m
vestigators therr co workers and many others have
since published numerous studies which have enlarged

our knowledge of fowl lenhzemias  Ellermann’s (1920)
55
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results have been confirmed n many respects, mn
others his conclusions have had to be modified
in accordance with the results of more recent
research

One of the observations emphasised by Ellermann
as remarhable and significant was that during lus trans
mussion experiments he observed a tendency to ‘change of
type’ Cases were seen of leukzermia of another type, or of
all types, occurring 1n fowls inoculated with material from
one only of the types of fowl leukzema (lymphogenous,
myeclogenous or erythroleuhzma), so that the three
types mught be supposed to be the expression of the
influence of one and the same pathological agent
This assumption 15 not compatible with the observa
tions of subsequent investigators, since 1t appears that
the ordmnary form of lymphogenous leuhemia 15 #of
transmussible like myelogenous leukzemta and erythro
leukeerma  Thelatter two forms, however, are intimately
connected and are not infrequently observed to lter
nate 1n the same stram of virus, although ‘pure’
virus strams also occur  Mathews and Walkey
(1929) reached the conclusion that Iymphogenous
feukama 15 not so intimately connected with myelo ,
genous leuhaemia, for mstance, as Ellermann thought,
and Furth 1 1931, provided evidence that the lympho
genous leukamias observed by Ellermann, as appearing
mn his sertes of passages, mught m all probabiity be
regarded as examples of spontaneous occurrence He
found 6 cases of Jymphogenous leuhzmia among 377
experimental birds moculated with erythroleukzmic
material, but 2 cases were also observed among 193
untreated controls None of these cases was capable of
further transmission  Andersen and Bang (1928) tried
to transmit 10 cases of lymphogenous leuh-erma, but
without success Engelbreth Holm (1931 32) and Jarmai
(1932) had the same experience  Schaaf (1936)
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atrempted to transmit 47 cases of Jymphogenous leul

om to 1 total of 226 ammats (including some chichens
only 1 few duys old) No tihes occurred, but there
were 2 spontancous c1ses of non wransmissible lympho
genous leukemin  Furthermore, all recent iy estigators
agreethat among the cnormous numbers of experimental
birds observed, no more cases of Iy mphogenous leuhtmin
n ats typiend form have ever been noted than might be
found m any flock of fowls (Iirschfeld and Jacoby,
1912, Burchhardt, 1912, Schmasser, 1915, Andersen
and Bang 1928, Jarmm, 1932, Feldman and Olson,
1933) Engelbreth Holm did not observe even one
case of lymphogenous leuh-emin among pproimately
7000 birds moculited with erythroleukemic substance

That not even the 2 per cent or so of spontancous
lymphogenous leuh-emia observed mm Jarmu’s and
Schaaf’s materl was seen 1s probably duc to the fact
thit most of the birds were young—less than three
months old—and that spontineous leuhemn very
rarely occurs in young birds

In fact Ellermann s (1918) series of experiments provides no
bass for the ption that lymphog leuk-emsa ts trans
mssible even with cell containing matertal ~ As far as can be
ascertained from the reports his matertal contamned 8 cases of
aleuhzmic lymphogenous leuh@mia among 373 birds mocu
lated 2¢ about 2 per cent which 1s no more than might be
expected 1n any flock of fowls  Further transmission from these
8 cases when attempted was without result except in one
mstance [stran E 3rd passage hen N'S 75] mwhich Ellermann
reported the observation of three takes—one of lymphogenous

leucosis” one of a small solitary ‘lymphoma 1n the liver and
one of muxed myeclogenous and erythroleukzemia  Three
months  before ion with lymphog 1
material however, the last fonl had been moculated with blood
from an erythroleukaemic case which might quite well explain
the positive result while the one lymphogenous leukemia was
most probably spontaneous like the small lymphoma
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Ellermann’s hen L, from which stram E onginated and
which was reported tn 1918 to be suffering from lymphogenous
leukeermia according to a later report (1920) did not suffer from
lymphogenous leuk®mia but from erythroleuk-emia

It must be regarded as an established fact, then, that
lymphogenous leukaemia, the course of which, as has
been mentioned, 1s generally aleuhzemic and which 1s
the spontaneous fowl leukaerma of most frequent occur
rence, 15 not transmissible and cannot be produced by
the viruses that cause myelogenous leuhema and
erythroleuha®mia

It should be mentioned i this connection that
Furth observed ‘lymphomatosis, myelomatosss, and
endothehioma caused by a filterable agent’ 1n one of
Tis stramns (stram 2, 1934) This observation, however,
does not affect the fact that ordinary lymphogenous
fowl leuhemia 15 non transmusstble The cases of
‘lymphomatosis ' observed mn Furth’s stram 2 were
characterised by large, wnmature cells, described by
him (1934¢) as bemng ‘like large lymphocytes (hemo
cytoblasts) ’, which differed distinctly from the relativ ely
far more differentiated small lymphocytes typical of
the non transmussible lymphogenous leuhzmia  As
Furth himself pomted out the cell in question seems
rather to suggest a non differentiated stem cell The
features of this mteresting stramn will, however, be
further discussed 1n a subsequent section (p 71}

The relation of lymphogenous leukzema to neuro
lymphomatosts gallinarum has already been considered
® ?\?ot every spontaneous case of fowl erythroleuhaema
or myelogenous leukzma has been found to be trans
mussible  This may be because only some of the cases are
really transmussible or because too few birds have been
used for the unsuccessful transmission experiments, or

because the birds used have been unswtable for the
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demonstration of transtmssibility A furly lge number
of birds must be moculted from ¢ich spontancous e1se
if 1akes are to be cvpeeted, swee the porecntage Tof
tahes 15 generally only about twenty (Jarmu's strun
1930 Was an exception, 1 that 1t bad 1 lugh percentige
of tikes from the first pissige—nenrly 1oo per cent)

It could hardly be expected that even 4 very ge
number of experiments would show that all the spon
tancous casts were transaussible, but st ss probable
that 1 consideribly larger number would have proved
50 1f they had All been constantly trnsmitted to young
chickens instead of to hens, since chichens, 1s will be
mentioned later, wre essentnlly more suscepuible than
adult birds

Andersen 1nd Bang (1928) found 5 out of 11 spon
taneous cases transmussible Jarmair (1932) 3 out of
15, Engelbreth Holm (1933) 5 out of 20 These authors
thus found a total of 13 transmussible leukemins out
of 46 spontaneous cases The proportion 15 analogous
with the figures for sircom1 mn fowls, from which it

appears that only 2 small number of the spontaneous
tumours can be transmitted

STRAINS OF TRANSMISSIBLE FOWL LEURZIMIA

Most of the ‘strams’ of transmussible fow] leuhemia
which have been described were erythroleuhxmuas,
etther pure unmixed s for evample the struns of
Jarmat (1930 31) Stubbs and [urth (1932), Engelbreth
Holm and Rothe Meyer—strun ¢—(19334), Schaaf
(1956) and others, or they were alternately erythro
leukmic and myelogenous (myelocytic) as for mstance
Furths stran 1 (19314), Engelbreth Holm s strain R
(1932) and the strains of Oberling and Guenn (1934¢)
and others Moreover the erythroleuhmmic stratns—
both pure and mixed—occasionally produce some of
the anemic cases already mentioned These must be



6o LEUKAMIA IN ANIMALS

regarded as forms of erythroleuhzermia which progress
more slowly and occur when the virulence of the agent
has decreased or the resistance of the bird, for some
reason or other, has increased The course of such
cases 1s generally slower than that of the fully developed
erythroleuhzmias

In stramns i which cases of myelogenous leuhaemia
are found among the erythroleuhzemc cases, the former
are generally rare and are found, as for instance
Engelbreth Holm's stramn R, largely 1n the first passages
of the strain  The course of these myelogenous cases,
too, 1s slower than that of the erythroleukaemic cases
Mixed cases with both myelogenous and erythro
leukeemic changes are also seen 1n these stramns
Finally, strains are hnown 1n which all or most of the
cases are myelogenous (myeloblastic), ¢g Nyfeldt's
strain (1933), which was pure, and Engelbreth Holm
and Rothe Meyer’s stramn T (myelogenic branch), m
which about 75 per cent of the cases were myeloblastic
and about 25 per cent erythroleukeemic or mixed cases

The connection between these various forms which,
n some stramns, are caused by the identical virus that
m others causes only pure erythroleuk-emias (ﬂﬂd
anzmas) will be discussed more fully later on, when
the very interesting connection between fowl leuhaemas
and the various sarcomatous processes observed i
different strains will also be dealt with

The diseases produced by all these apparentl)
different strams can be transmitted to healthy birds by
the same method Blood, a suspension of blood
corpuscles, plasma, or an emulston of the organs (wer,
spleen, bone marrow, etc) mn saline or a sumlar solution
1s generally employed for transnussion by mtrayenous,
mtraperltoneal, mtramuscular or subcutaneous nyec
uon All these methods of moculation may produce
takes, the most certan bemng the mtravenous and the
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least certun subcutancous snjection  After noculation
the disease will develop in 1 cortun percentage of the
birds, which varies with the different strams I atempts
to trinsmut the discise from 1 spontancous case the
percentage of tahes 15 genernlly low, though it increases
with repeated passage to the manmmum chirctenstic
of the strun  \With Lngelbreth Holm s strun R (19,3)
for instance, the percentage of takes was 15 i the first
passage, 18 n the sccond, 27 1n the third, and after the
fourth passage 80 100 There 1re, on the other hand
struns—for mstance Jarmar's (1930 31)—with which the
percentage of tahes 1s 1bout 100 from the very beginning
In the same w1y the period from moculstion to the
death of the moculated bird from leuhzemin will often
be much longer n the first passage than in the Iter
ones Tor the strun R mentioned above this period
was about 170 days mn the first pissage, while 1n the
eighth and subsequent passages 1t was only from 10
10 14 days The figures, however, show considerable
variation with the different struns

During the first five to ten passages the percent
age of takes usually increases to 2 maximum where 1t
remuns A constant increase mn virulence beyond the
first passages indicated by a shortened course of the
disease, has, how ever, also been observed, ¢ £ m Jarmar’s
strain (1938) 1n which the average period of hife for
the inoculated birds fell from 20 to 11 days 1n the course
of exght years

Transmission can be achieved with remarkably small
doses Turth (19328), for example, obtamed takes of
erythroleukzmia with 0 ooooor cem of plasma and
0o0ooor cem of cell suspension while Engelbreth
Holm (1932) observed takes with ooooor cem of
blood When such small doses are used, the percentage
of tahes will generally be lower and the life of the birds
longer It 1s also a general expertence (¢g Rothe



Ge LEUKEMIA IN ANIMALS

Meyer and Engelbreth Holm, 19334) that transmussion 3
less certamn when plasma is used than when blood or a
suspension of blood corpuscles 1s employed It must
therefore be assumed that Jeuhzemic blood cells contan
greater concentrations of virus than does the plasma

VARIATIONS IN PERCENTAGE OF TARES

While the percentage of tahes and the rapidity of
development of the disease are thus to a certan extent
dependent on the substance used and on the method of
moculation (the most successful results are undoubtedly
obtained by the intravenous moculation of blood m
adequate quannties, for mstance 1 ¢cm), both these
factors are mfluenced also by the age of the bud
moculated Engelbreth Holm and Rothe Mever (19324)
demonstrated that far more takes resulted from trans
mission of erythroleukzemia to chickens only a fev
days old than from transmussion to adult irds The
typical pathological picture was also  successfully
reproduced by the myection of erythroleukamic blood
mto fowl embryos m the egg (Engetbreth Holm and
Rothe Meyer, 1932¢, Jarmai, 1933) In conformity
with this, Stubbs and Furth (1030 31) found thar hens
over two years old were less suscepuble than those
under one year

Other factors than the moculating substnce, the
method of woculation and the age of the birds used,
may, however, nfluence the frequency and strength of
the takes There does not scem to be any great differ
ence m the susceptibility of the vartous hinds of lowls
to wmoculation {¢f Stubbs and Furth, 1930 31, Schaaf,
1956, Stubbs, 1038) Both sexes seem to be equally
susceptible

While all the methods of transmissson by which
leuhemic matenial 15 introduced mto the bodies of
healthy birds by mcsion or imjection have proved
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successful, feeding with virulent material has been
shown 1 many evpeniments to be ncapable of
trinsnuting the disease {(Andersen and Bang, 1928,
Engelbreth Holm, 1933, Schaaf, 1930)

Just ns the spontaneous occurrence of fowl leuh-emia
mentioned 1 Chapter I, scems to be subject to seasonal
vanations, so the suscepuibihity of fowls to erythro
leuh-emin After moculation 4lso vanes durmg different

Aug W»Avf‘ug Oec Apr Aug Det Apr Aug
Sep. Jan May Sep Jon. Mag Sep Jan Mug Sep
1991932 193

FIG 31 —Fluctuations over three years in the percentage of tahes after
mtravenous noculation of hens and chickens with erythroleukzemic
blood The mnterial comprised about 1000 chickens ( - )
and 1000 hens (=——=——) of three different strains (R Ty E-S)
(From Engelbreth Holm and Rothe Meyer (1935) Aeta path Scand
xn 366 )

seasons  Over a period of three years Engelbreth Holm
and Rothe Meyer (1935) found uniform vanations n
susceptibility to three different erythroleuhzemic strains
As appears from Fig 31 these varations were found
only 1n adult fowls (over six months old), whereas
chickens (under three months old) showed the same
susceptibility all the year round and were always more
susceptible than adults The greatest suscepuibility n
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adult fowls was observed from Apnl to May and the
least from October to December The decrease
susceptibility to oculated leukzmic virus during the
autumn months was indicated not only by a decreased
percentage of takes but also by a prolongauon of the
average period of life of the birds after mnoculation
The takes in the autumn also occurred comparatively
frequently as erythroleuhzemic anzmia and not as fully
developed erythroleukemia, a fact which seems further
to support the assumption that this erythroleubeemic
anzmia (see p 16) 1s a weal manifestation of erythro
leukzermia Moreover, far more spontaneous recoveries
were seen in those periods m which the susceptibility
of the fowls was relatively shght In agreement with
this, aneenuc cases or spontaneous recoveres are seldom,
if ever, found m young chickens, whose susceptibthity
1s not subject to seasonal variations

It was mentioned in Chapter I that there 15 10
satisfactory explanation of the seasonal vartations, but
there are two possibilities which mght ex Aypothest be
considered m this connection , firstly, the variations might
concervably be due to seasonal differences in diet, and here
attention has been especially directed to greenstuffs,
secondly, fluctuations 1n the hormonal milieu of the birds
mught reasonably be expected to account for the peculiar
difference between quite young and adult birds  Expent
mental observations however, have so far lent no
support to erther of these hypotheses (Engelbreth Holm,
Rothe Meyer and Uhl 1932 1937, Schaaf, 1936) The
findings regarding these seasonal variations i suscept
bility to moculation with virus materral may be compared
with those of Peacock (1935) concerning susceptibility
to transplanted fowl tumours (p 25)
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SPLCITICITY O FOWL ILURALMIA I'OR SPLCILS

Up to 1 few years ago the virus of fowl leukemn
was considered to be hughly spectfic for species, since
All attempts to trinsmut the disease to other closely
related hinds of birds had ginven negatne results  In
1932, however, Lngelbreth Holm and Rothe Meyer
reported that they had successfully transmitted fowl
leukemi to guinea fowls, three out of ten guinca fowls
having died from erythroleuhemic anemin after the
ntravenous injection of blood from erythroleuhzmic
fonls These cxperiments were subsequently confirmed
by Jarmai (19354) ind by Schaaf (1936) who by success
ful remnoculation from guinex fowls to fowls, proved
that the disease n the two hindred species of bird was
the same

In 1933 Stubbs transmitted fowl leukemia to a
fowl pheasant hybnid, and Jarmu (19354) carned out
successful trinsmission to pheasants, from which the
disease was retransmitted to fowls  Jarmar's experi
ments, 1n which the disease was successfully transmitted
to turheys and further through turkeys for some passages
are of special nterest On retransmussion from six
turkeys to twenty one fowls, only one tihe resulted,
which may indicate that n 1ts passages through turkeys
the virus had become less virulent for fowls, a fact mn
accordance with experience of other hinds of viruses

Although the virus of fow! leuh@mia 1s thus not
strictly species specific 1t nevertheless remamns true that
the disease can be transmutted only to Lindred species
of fowls, 22 Linds of birds so closely related to fowls
that cross breeds between them and fowls are hnown
}1?5 :j:te of numerous attempts 1 vartous quarters, the

e has never been successfully transmutted to more
remote kinds of birds, such as quails peacocks duchs,
geese canaries and others

E
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DEVELOPMLNT OF LLURAMIC PROCESSLS
AFTER TRANSMISSION

The leuhemc processes developing in the body of
a fowl after moculition with leukemic substance e
probably nearly always caused by the action, on the
blood formung tissues, of the virus contuned m the
substance moculated

In certamn cases, however, 1nother process may also
occur  Crank and Furth (1931) pomted out that when
large quanuties of leuh-emic blood were mjected into
the vascular system of a healthy bird, the moculated cells
continued to muluply 1nd, in the course of a couple of
days, prohiferated to such an ewtent that the blood
became completely feuhtrmc and the bird died A large
number of pathologieal blood cells were certunly found
n the capillaries of the organs but, apart from ths, there
were no leuhemic changes m the bone marrow, for
mstance which consisted largely of fatty nssue The
direct trnsplantation of cells, similar to the trans
plintation of tumours 10 mammals, 15 here mvolved
It should be noted that the visceral changes i these
birds differ essentially from those observed m birds
developing leuha@mia after the yecton of cell free
substince since tn the latter the pathological pictur. 18
due to prohferation of the host’s own hzmoposetic cells,
which are transformed mto leukemic tissue by the action
of the moculited virus

Foul leukeemia transmtted by the * cell free * method
thus differs fundamentally from the transplanted mam
mahan leuhzemias or tumours, whose pathological picture
15 produced by 2 multiplication of cells foreignto the host

The virus soon disippers from the viscular svstem
of fowls after the intravenous mjection of virus contymning
maternl, 7 ¢ 1t soon becomes unpossible to demonstrate
is presence by mjecting the blood into other fowls
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Crank and Turth (19,1) found that blood remos ed from
moculated fonls even as early s tlurty minutes fter
mnoculrtion would not infect others  In Rothe Meyer
and Engelbreth-Holi’s  (19,3@) experiments,  how

ever, the virus did not disapperr from the vasculir
system unul twenty four hours Inter  After 2 few
days (wbout two to fifteen depending on the virulence
of the particular virus) the blood of the host agun
becomes infectine and, ssimultineously, the first patho

logical cells cain be demonstrated These observa

tions have been confirmed by Ruffill (1938¢, ¢) and by
Stort1 wnd Brotto (1938), who also mvestigated the virus
content of the organs  Although Ruffill: (1938¢) was of
opmion that the wirus disapperred from the blood
shortly after inoculation he did not think that 1t vanished
entirely from the blood corpuscles These authors
found that sirus could be demonstrited continuously 1
the bone marrow from shortly after noculition until
the bird died from leuk-emia, the other organs did not
contain the virus so regulrly dunng the penod m
which the blood was virus free  They therefore con

cluded that the virus 1s fived 1n the bone marrow, and
possibly 1n the spleen and liver The bone marrow 1s also
the first organ in which leukemic changes can be demon

strated a fact established by many nvestigators (hogler,
1932 Engelbreth Holm, 1932 and others) The
charactenistic pathological changes do not appear n the
liver, spleen and other organs unul after the occurrence
of changes 1n the blood (Engelbreth Holm, 1932 1933)

Stort1 and Brotto (1938) thought that they were justfied
m concluding from these features n conjunction with
the demonstrition of the fact that the virus 1s first and
foremost fixed in the bone marrow, that the leuhzmic
changes 1 such organs as the liver and spleen arse
from colonisation’ by cells oniginating 1n the marrov,

and not from a virus induced change i the hamoporetic
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cells of those organs themselves Nevertheless, the
actual experiments by Stort1 and Brotto, 1n which the
mnoculated virus was found to be taken up by the bone
marrow of some bones and, though less regularly, by
the spleen and hiver, seem to conform equally well with
the view that during the action of the virus all parts of
the hzmopoietic system acquire a leukemic tendency,
since the bone marrow, at any rate, reacts as a whole
to the virus The reason why the spleen and fiver
take up the virus less regularly may indeed be purely
quantitative, since these organs contamn far fewer
susceptible cells than the marrow

Previous to this, Engelbreth Holm’s (1933) exammna
tion of the lver tissue of fowls at various periods after
moculation had led him to the concluston that an
autochthonous production of cells probably takes place
mn the liver, smce small 1slands of hamocytoblasts are
found 1n the sinusowdal spaces of the liver capilfaries,
some of them 1n mitotic cell division, at a time when the
blood contains only a few pathological cells ~ Storti and
de Filippr's (1937) histological exammation of the hver,
however, did not provide any basis for such an assump
tion, and 1t 13 perhaps hardly possible to solve this
problem conclusively by morphological mvestigation
alone It 15 one of fundamental importance, smce
mnvolves the question whether leukemia m fowls should
be regarded as a pathological process tn one mndividual
organ, possibly 1n a single cell area of that organ—the
bone marrow—or whether 1t should be considered as
the expression of an extensive change of all the elements
of a whole system  There 15 support for both pornts
of view mn respect of fowl leukemia, and the same
considerations appﬁ' m the case of the mammalin
leukzemias
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SPONTANLEOUS REMISSION AND RECOVERY

It has been mentioned above that spontineous
remission and recovery have sometimes been observed
n fowls after their successful inoculition with leubenic
material  When studying the fate of noculited virus
in these birds, Rothe Meyer 1nd Engelbreth Holm
(19334) found three cases mn which the blood w1s at no
time Jeuh-emic after the virus, 1s mentioned above, had
disappeared 24 hours after inoculation, 1nd had agun
been demonstrated eight days later  After the virus
had disappeared from the blood for the second time, the
birds, hike those which became leukeemic and recovered
spontaneously remaned refractory tosubsequentattempts
at transrmssion  This observation 1s sigmificant since 1t
ndicates that birds which have been previouslynoculated
with leukaemic substance, and have not reacted to 1t by
developing leukamia, should not be used for further
transmission experiments with leuheermia, as they may
quite well have acquired the same ‘immunity’ as 1s
found n birds which have recovered spontaneocusly
from the disease On the other hand, birds which
have proved refractory to several moculations, may n
rare cases react to a subsequent ‘transmisston by
developing leukzemia, thus indicating that the immunty
acquired may be only relative or temporary Rothe
Meyer Engelbreth Holm and Uhl (1935) found
that one out of eleven fowls which had recovered
spontaneously was refractory to nine subsequent re
moculations but died of leukeemia after the tenth

Observations of the virus content of the blood of
birds that are thus ‘immune’ after imoculation show
that the mjected virus rapidly disappears from the
arculation and cannot be demonstrated agamn later
Investigations of the immumty of birds which have
recovered spontaneously will be discussed in Chapter IV
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That a varying number of noculted fowls can
recover spontaneously, z¢ that the leukwemic processes
acquired by noculation can regress, does not necessarily
mmply that leukzemia 1s a less malignant disense m fowls
than in mammals It must be remembered that the
cases 1n question were not spontaneous but were produced
by noculation, although 1t 15 worthy of note that the
changes oniginated from the tissues of the birds them
selves and not from the introduction of foreign cells, 1s
in the case of leuh-emins transplinted nto mammals
This can hardly indicate anything but that the co
operation of a number of factors 1s necessary for the
mamfestation of progressive leukemic change, the virus
being only one of these factors and, by itself, insufficient
We are 1gnorant of the nature of the other factors The
genetic constitution of the birds may possibly ply a put,
1s 1 mouse leuhema

THE RELATION BLETWLEN FOWL LEURZMIA
AND SARCOMA

It has already been indicated that there are struns
m which fow! leuk-emia occurs 1n mumate connection
with sarcomata of different hinds In 1933 such struns
were reported almost simultaneously from I'rance, the
U S A and Denmark

Oberling and Guern (19,36) 1ttempted to produce
tumours n a hitherto pure erythroleukemic stram by
previously treating the tissues of the moculated birds
with hieselguhr, embryonic uissue and thorotrast, but they
were unsuccessful It appeared, howeuer, that inocult
tion with blood or an emulsion of organs from this
stramn which had been kept m glycerme 1n an ice box for
some days (6 to 47) produced, m addition to ery throleuh
-ermia, some cases of spindle cell sarcomn or endothelial
sarcomatous change These tumours could be trans
planted 1nto healthy birds, but the takes were alwiys
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accompamied by the development of leuh-emin  Ober-
ling and Guerm assumed that tus indicated that the
vrus was modified by heeping ( mutation de virus’),
so that 1t was then 1ble to influence both htmopoetic
cells and mesenchymnl cells of other hinds  Their
results were later confirmed by Trosier (1935)

Oberling and Guérin found also carainomata, considered
to be dependent on the sime virus in two birds  Nothing
corresponding to these cases has been observed 1n other strams,
and the observation 1s exceptional in respect of the enormous
amount of the total matenal examined The supposed
connection between these carcmomatous  processes  and
leuhemia sarcoma virus may therefore be doubted

The second combined’ leuhzemic sarcomntous strun
was observed by Turth (1933) It onginated from
a chichen which died from leukeemia of a pecuhar
type the blood containing 130,000 white blood corpuscles
per cmm mostly large immature lymphoid cells—

cells like large lymphocytes (hemocytoblists)’ — As
mentioned before, these cells do not correspond to the
smaller more differentiated lymphocytes which charac
terise the picture m the non transmssible lympho
genous fowl leukwmias Many white nodes up to
t cm 1n diameter were found mn the liver, spleen, heart
and Lidneys These consisted of the same hind of cells
as those seen 1n the blood

Transmussion from this bird resulted i ‘stram 2’,
which caused alternating cases of ‘lymphomatosis
(hemocytoblastosis) —as 1 the original bird—of myelo
genous leukeema and of endotheliomata, the tumours
not bemng observed without simultaneous leuheerma
It appears from Furth s mvestigations that these various
processes may be attnbuted to a single virus which

causes a tumor lihe multiplication of mesenchyme or
endothellum  These adherent, or perhaps syncytial,
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cells erther remamn undifferentiated or they become
detached and transformed into cells like Inrge lvmpho
cytes (hemocytoblasts) ”

Finally, Rothe Meyer and Engelbreth Holm (19334,
19354) reported 4 third stramn (strain E S) of a sumilar
ind It ongmated 1n a chicken with myelogenous
(myelocytic) leuhamua, with muluple myelocytomata
in the kidneys and liver, and spindle cell sarcomata
in the musculature of both legs

When the blood was ioculated erythroleukemia
was produced, and the sarcomata were transplintable
to healthy birds This case looked s though it were
one of a chance simultancous occurrence of leukemia
and sarcoma  But even m the third passage erythro
leuh-emia occurred 1n the birds into which the sarcomy
had been transplanted, and sarcomatous changes de
veloped n 1 number of the birds which had been injected
intravenously with the erythroleuh-emic blood Rothe
Meyer's (1934) thorough investigation of this strin
revealed that 1 single virus might be considered to be
the cause of both the leuhzmit and the sarcoma  Intra
venous mjection genernlly resutted in lenhemn (Tg 32),
and intramusculir or subcutaneous noculation gener
ally produced sarcoma A sircoma was, for mnstance,
not frequently seen At the site of wocultion (I1g 33)
Rothe Meyer utilised this feature in trying to separite the
leuhzemic and the sarcomatous viruses, on the assuymption
that they were different Unmixed erythroleuhemin
resulted from forty three intravenous passiges After
this, however, the virus wAs still 1ble to produce sircoma
when mjected subcutaneously Similarly, twenty eight
pssages of pure sarcomata were effected by transplint
tion, after which ntravenous jection of the virus sull
resulted 1n erythroleuhzmia

This stram, like Furth’s, differs from Oberhing and

Guenn’s 1n that 1ts ability to produce tumours 1s not
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dependent on some antecedent interference (freczing,
storge, etc ), the virus m the blood of 1 bird suffer
g from erythroleuh-emin beng able to cause the
development of swrcoma directly, ind vzce tersa While
the majonity of the cases observed with this strun were
mived, the fact that exch of the two pathological
pictures, leukemin and sircomn, could be produced
m a reltinely ‘pure’ state 15 onc of the respects n
which it differs from Turth’s The sarcomata that
occur with this stran re generilly endotheliomatous
(g 34), or ango endotheliomatous, or, more rarely,
spindle cell sarcomata (Mg 35) 1s m the ongnal bird
Rothe Mejyer observed every concenvable morphological
transition from endotheliosarcomatous elements to large
free hremocy toblasts

Stubbs and Turth (19335) reported 1 very similar
stram (stramn 13), which onginated from 2 bird mn thew
¢ pure’ erythroleuhemic strun (strain 1) and in which
a sarcoma occurred at the site of inoculation after
mtravenous moculation with blood in the usual way
With this stran the tumours observed were also endo
theliomatous but they were more widely distributed
than those with Rothe Meyer and Engelbreth Holm s
(stran E S)  Stubbs and Furth were unable to separate
a leukzemic from a sarcomatous virus, 1n agreement
with Rothe Meyer, they concluded that the various
manifestations were ' caused by a single virus with
ability to produce diffuse endothelial growth and
erythroblasuc proliferation”  Extensive hemorrhage
was frequently found in the organs with both strams,
apparently caused by small angio endotheliomatous
foct  Furth (19364) investigated a third ‘mixed stran
(stramm 12) It onginated from a chicken moculated
mtravenously with strain 2—* lymphomatosis (hemo
cytoblastosis) *—which developed a transmissible osteo
chondrosarcoma  In thus stratn, however, he succeeded
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n showing that m all probability there was a mixture
of two viruses, since he was able to re 1solate * stram 2
virus’ from 1t, this was possible because the osteo
chondrosarcoma virus of strain 12 became effective
only when 1t was applied to bone Furth (19368) pro
duced an artificial ‘ mixed’ stram by mrung leukaemc
virus (stratn 1, ery throleuhzemia) and ‘ pure’ sarcomatous
virus (strain 11, spindle cell sarcoma, resembling Rous’s
sarcoma I) In this mixed ‘stran’ the two viruses
preserved their characteristics unchanged when mjected
mto the same bird and were relatively easy to re 1solate

After the discovery of these varwous leukemic
sarcomatous strains, the leuhermuc stramns which had
been considered as ‘ pure’ were closely exammed by
many workers m order to find out if, under suitable
conditions, they could produce true sarcomata similar
to those caused by Oberlng and Guerm’s stram
described above This proved to be so as regards a
fair number of strams of fowl leuhaema

Jarm (19352) for instance, found small tumour
lihe infiltrations with his ‘ pure ’ erythroleukaemic stram
after intramuscular transplantation of small fragments
of the leukeemic organs, they were capable of further
transplantation but could not be isolated from the
simultaneous leuhzemic changes, which hilled the birds
so quichly that the resulting sarcomata never reached
any greit size The tumours observed were partly
spindle celled and partly round celled

In 1936 Uhl Engelbreth Holm and Rothe Meyer
published sumilar iy estigations of their ‘ pure * leuhzemic
stramns ‘ R’ and “* T’ Small nades with the histological
structure of fibrosarcomat:, my«osarcomata or angio
endotheliomata occastonally occurred with both these
strains after subcutaneous moculation with the leuheerme
blood The myection of normal blood never produced
such changes Transplantation of these nodes was
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suceessful in the ease of strun T—an which the leuheme
ccdls were immature h tmocy toblasts which in some cases
diffirentiated to mydoblasts, in - others to bisophil
ervthroblsts—but not 1in strun R, whose charactensuc
cell was 1 rdatiedy more differentinted hemocy toblast
or erythroblast  Storts and Zucttn (19,8) also observed
the devdopment of more or less poly morphic sarcomata
m simihr experiments

Oberling and Guenn (19383) n extensive research
on these probluns found that the <arcomn producing
abilits of their erthroleuhtmie virus was particularhy
marhed 1n the case of intricutancous moculatton with
small quanuties of diluted blood which produced fibro
m} \osarcomitt

Notevery strun of fowl leukh-emin virus, however, can
produce sarcomatr as described  Stubbs (19,8) for
mstance, 1n spite of scyeral attempts never managed to
produce sarcomaty from lus erythroleuk-emic stran by
mtrimusculir or subcutaneous moculitton  Mohos s
(1939) erythroleuhemic strun, too, was unable to pro
duce sarcomn, even with preceding glycertnation as in
Oberling and Guern s first experiments It 15 curious
that this strun onginated from = bird with a pronounced
aleukemic * erythrogonio sarcoma ’ 1 the Iner

INTERRELATION OF THE DIFFLRENT FORMS
OF FOWL LEUK.EMIA

Reports are thus available of carefully 1m esugated
strains of virus which can produce only erythroleukzmia
(and sometimes myelogenous leuhemia which 1s nt
mately associated with it) and of other strains that
produce the same hund of leuhzemir and also sarcomatous
proliferation of more or less orgamsed and differentiated
endothelinl elements or fibrocytic mesenchy mal deriva
tves  As has been emphasised by Foulds (1934) these
stramns seem to form a series via the Murray Begg
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other 1s that, although the virus has 4 specnal 2ffinity for
one defimte ty pe of cell 1t 4 certun stage of differentiation,
1t 1s lso capable, though to 1 lesser degree, of attaching
the more differentinted descendants of thus cell, a5 well
as 1ts less differentinted ancestors

According to the first theory, the various pathological
pictures scen 1n 1 strun caused by a certun virus are
to be explamed 1s an expression of the differentiiting
possibilittes of the cell speetficilly sensitive to the
virus  If this cell be an erythrocytic stem cell for
stance, so far differentiated that it can be further
differentiated only to erythroblasts, the result of the
transmisston  passages will be erythroleuk-ermin only
Similarly, the varus of the Rous sarcoma must be spec:
fically adjusted to 1 relatnvely well differentinted cell of
the connective tissue  If, on the other hand, = virus
1s ‘adjusted’ to a non differentiated mesenchymal cell,
the morbid processes will be characterised by the kinds
of cells 1nto which this stem cell can be differentiated
according to 1ts normal potentiahty  Hence both
erythroleukeerma and myelogenous leukzermia can be
produced by 1 virus that has affinity for a heemocyto
blast, while a virus corresponding to a sull less differ
entiated hzemohistioblast may produce both kinds of
leukzemia when the hemohistioblast 1s differentiated to
basophil erythroblasts and myeloblasts and endo
theliomatous tumours or even spindle cell sarcomata
when the same mesenchymal stem cell differentiates
to endothehal cells or connective tissue cells This
explanation of muxed strains 1s hardly compatible with
the common finding with regard to malignant tumour
cells—and these diseases must be regarded as malignant
tumours—that their ability to differentiate 15 dimimushed
or destroyed

The other theory does not define so strictly the cell
speatficity of the wvirus  Although the latter may be
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endothcliomn to the Rous sarcoma I and other fow!
tumours caused by viruses

The various strains of virus responsible must un
doubtedly be regarded 1s bemg wnumately sdated,
though each has sts own wcll defined charactensstics,
stace 3t causcs proliferation of particular cdlls 1n the fowl
orgamism and of those cells only  These questions will
be further discussed i the next chapter, but st may be
stressed here that no fowl virus which produces erythro
leuhenun, for mstanee, s cver been seen to change so
that 1t causes only fibrosarcomats, for earmple, nor
hns the reverse been observed  The specsfic cell affinity
of a virus 15 constant, and this statument 1s not altered
by the fact that the potentibitics of a leuhamic virus
ta produce endothchiomat in some strams have not been
observed unul after many pissiges  The virus must
be supposcd to have possessed these potentiihiues from
the outset but to have hched the opportumty of mant
festing them earher

It 15 concunvable that mutatve changes of virus
may tihe place in the course of the passage of 1 strun,
so that, 1t a given ume, there e both a non mutted
(origsmah) and a mutated virus i the strun, cach with
sts own spectfic cell affimties, but this possibility has
never been proved

The conncctions between the varous neophistic
condittons 1n the mixcd struns, and the relation betveen
the latter and the purer Jeuhtmic struns, have been the
subject of many studics and investigions  Chere iretwo
lternative possibiliies, fundamentally dsfferent, which
may offur an explanation of these fiatures  Oneisthatthe
wirus of a strun—whother it be regarded s exogenous
or 15 1 cell product of endogenous naturc—is cxtromly
specific 18 regards cells, 2nd 15 capable of nducing the
changes on which neoplsta depends m onc Jand of cell
and at one definite stige of differentiation only  The
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It can be seen that the less differentinted the ecll that
charcterises the strun the more cases will there be of
sarcom1 1n addition to the leuk-emic cases typieal of the
strun, the percentage of takes will also be higher and
the course of the disease more rapid

The fict that subcutaneaus njection of leukemic
blood m1y result 1n the occurrence of spindle cell
sarcomata 1n these struns seems to support the second
theory, that the virus can directly snfluence other cells
1n 1ddition to those on which 1t 1s munly efiective, 1t
15, howerer more difficult to reconaile with the first
theory attnbuting such sarcomata to differentiation of
the ‘stem cell’ affected by the virus which 15 common
to both blood cells and connective ussue

Another observation tending to support the second
theory 1s that the virus of fowl leuhemna (as well as
that of some sarcomata) has been able 1n certam cases
to produce leuhzemia—or sarcoma—in pheasants, turheys
and gumea fowls (p 65) Findings of this hind seem to
indicate a certamn elasticity mn the cell specifictty of the
virus and are hardly compatible with an extremely strict
cell speaifiaity

These theories will not be discussed further here,
since some of the considerations are purely speculative
So long as the nature of the virus, the histogenesis of
the cells and the nature of the changes caused m the

cells by the virus reman obscure 1t will hardly be
possible to solve such problems
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speaially directed towards a certan lind of cell, for
mstance a hzemocytoblast, 1t 15 also able to affect, though
to a lesser extent, the nearest ‘relations’ of this cell,
both ancestors and descendants This explans why a
certain type of disease—in this particular mstance
stem cell leukzemia—is by far the most frequent in the
transmission  passages of the stram, though cases of
endotheliomatous tumours (in which the ancestors of the
stem cells are also involved) or of myelocytic leuhaema
(in which the descendants of the stem cell are caused to
prolhiferate by the action of the virus) also occur  This
TABLE I
Distribution of Leukzmma and Sarcoma in three Foul leukawa Stramns

Average Percentage of
P duration
of takes |ofdisease|  pure feukemiad| pure
(@ays) | | ukeemua | sarcomata | sarcomata

Stram E S 99 85 744 179 7
{1458 chickens)

Stramn T 96 _ o5 2 42 06
{994 chickens)

Stramm R 94 150 o83 14 03
(2241 chickens)

theory provides an explanation why endothehal sar
comata or spindle cell sarcomata can be produced in
leuhzemic strains occurring relatively easily mn stem
cell leukzemic stramns less frequently 1n erythroleukaemc
¢ymmature’ strams, and never m relauvely mature
erythroleuhzmic stramns

The above table shows the details of the three
strams ES, T and R (Uhl, Engelbreth Holm and
Rothe Meyer 19368), of which strain E S 1s character
1sed by non differentiated hzmohistioblasts, stran T
by immature haemocytoblasts and strain R by hzemo
cytoblasts differentiated towards erythroblasts
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Turth and Miller filtered virus mn diluted pltsma
through Berhefeld filters N and W and through collodion
membranes  They estimated that the virus was consider
ably less than 250 mp i size Schanf also was able to
filter the virus with both Berhefeld filters and membrane
filters having a pore diameter of 0 6 ¢ The percentage
of takes was not so Inrge with the filtered as with the
unfiltered materinl and the development of the disease
was slower, both features indicaung 1 quantitative
decrease mn the amount of virus in the filtrates

No experiments have been published in which the
size of the virus of fowl leuha@mia has been established
by ultracentrifugation or by filtrtion through Elford s
graded collodion membranes, but from the experiments
referred to above it must presumably be approximately
the same as that of the Rous sarcoma virus which
measures about 65 to 75 mp

It has not been possible so far to demonstrate the
virus of fowl leukemia by special staining or by photo
graphy with ultraviolet hight No elementary bodies
have been described i matenal contamning the virus

THE INFLUENCE OF PHYSICAL AND CHEMICAL
AGENTS

Heat and Cold—The virus of fowl leukzemia 1s
thermolabile (Ellermann and Bang, 1909, Jarma, 1930
31, Furth 1932¢), since 1t 1s destroyed mn 30 minutes
at 56° C At 37° C 1t 1s destroyed 1 from 2 14 days
at 4° C 1t 15 acuve after 14 days, and 1t can tolerate
lower temperatures  Its actrvity 1s preserved for a long
time by drying under suitable conditions  After bemng
dried m the frozen state as i the Flosdorf Mudd
apparatus, 1t will keep 22 vacuo for months

Glycersine —The virus 1s resistant to gly cerine  After
heeping m 5o per cent glycerme for 104 days 1t 15 still
active (Furth, 1932¢)



CHAPTER 1V
VIRUS OF FOWL LEUKAMIA

It has been mentioned that as early as 1908 Ellermann
and Bang demonstrated that fowl leukamia could be
transmitted to healthy birds by means of a cell free
agent obtained either by centrifugation or by Berhefeld
filtration  They supposed that this agent belonged to
the group of ultravisible filierable viruses Al subse
quent research has confirmed this assumption, but not
much more 1s hnown to day than i 1908 about the
actual nature of the virus Many studies are available
on the subject of the virus of fowl leuhzemia mn various
conditions, on immumty agamnst if, on attempts to
cultivate 1t, but we stil do not hnow what 1t really 15
No definte answer has yet been given to the funda
mentally important question as to whether 1t consists of
an exogenous living infectious substance or whether 1t 18
an endogenous cell product, the outcome of diseased cells

FILTERABILITY OF FOWL LEURAMIC VIRUS

Jarm u (1930 31), Furth and Miller (19,2 and Schaaf
(1936) investigated the filterability of the virus Jarmai
noted the inconsistency that 1s often evident m such
experiments, some filtrates being quite mactne while
others, obtamned with the same filter, contained the virus
concerned By means of the Zsigmondy Bachmann
membrane filter with a pore diameter of from 20 to
100 mp he obtaned an acuve filtrate  When, however,
an * Ultrafilter femst’ (pore diameter less than 20 mp)
was used, the filtrate was free from alburmn and the virus
was removed

8
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ing actis 2tion to be irreversible nd so 1t undoubtedly
1s 1f the action lasts long enough, on the other hand
as the expeniments quoted above show a less energetic
oxygepation may cause an almost total mactivation
which 1s reversible

Adsorption  to  Lrythrocytes — Engelbreth Holm,
Rothe Meyer and Uhl (1933 1935) showed that the
virus of fowl Jeuhzermia can be adsorbed on normal fowl
erythrocytes They mined normal erythrocytes and
leuhzmic plasma and, after the miture had stood for
some time, separated the ery throcytes by centrfugation
The contaminated erythrocytes were washed several
umes 1n saline and were then njected intray enously into
healthy birds this resulted 1n about 50 per cent of takes
while the plasma produced takes tn about 8o or 9o per
cent of the birds That this was not a specific combina
tion of the virus with the cells was proved by experiments
m which the virus was adsorbed 1 exactly the same
way on the erythrocytes of pigeons rabbits sheep and
man  Attempts to extract all the virus from a plasma
did not succeed 1n spite of many repeated adsorptions

That only half as many takes resulted from con
tarminated normal erythrocy tes as from leuhamic plasma
may be due to purely quantitative causes, but 1t 15 also
possible that the virus mn such cases 1s partially 1n
actnated by ovygenanon Ruffilli’s (1938} experiments
m which normal erythrocytes saturated with oxygen
were mixed with leukzemic plasma and allowed to stand
for 24 hours (mnstead of for one hour as in Rothe Meyer s
expertment) before they were agaw isolated, supports
this possibihity  These contammated erythrocytes were
then found to be incapable of producing one infection 1n
six birds  The fact that the six birds appeared to be
1mmune to subsequent inoculations with leukzemic plasma,
suggests that an adsorption of the virus had taken place
but that the latter was mnactvated
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Oxygenation —The virus 1s destroyed or inactivated
by oxygenation, and this 1s presumably why 1t 1s m
actrvated 1f allowed to stand, the higher the tempera
ture, the more rapid the destruction  Destruction at
temperatures over 56° C must, however, be regarded as
due to heat denaturation  The properties of the virus
relation to oxidation and reduction are very similar to
those of the Rous sarcoma virus  Mueller demonstrated
as early as 1928 that a filtrate of sarcomatous tissue,
which normally 15 soon mnactivated by oxygenation, can
long retain 1ts activity 1f cysteme or hydrocyame acid
be added (Gye and Purdy, 1930) Pirie and Holmes
(1931) subjected these facts to closer examination and
concluded that the virus of the Rous sarcoma was in
activated by owidation processes, but that mn suable
circumstances, virus inactivated m this way could at any
rate be partially re activated by reduction

Corresponding experiments were carried out with
the virus of fowl leukzmia by Engelbreth Holm and
Frederiksen (1938a), who found that oxygenation—Dby
simply bubbling oxygen through leuhzemic plasma at
18° C —mactivated the virus i the course of from
15 to 30 minutes, the mnjection of the plasma into healthy
chickens being then no longer able to produce takes
Attempts to re activate such oudised virus by reducing
1t m a cysteine cobalt sulphate system, as used by Pire
and Holmes, succeeded m two experiments out of five
In these experiments a plasma which before treatment
produced takes m 17 out of 19 birds after oxygenation
for 25 to 35 minutes produced only 4 takes m 18 birds
After reduction this mactrvated plasma agam produced

takes m 16 out of 19 birds

Ruffills (19384 g) mactivated the virus of fow!
leukmia both by bubbling oxygen through the leuhaemic
plasma and by treatment with hydrogen peroxide and
permanganate of potassmum  He considered the result-
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Attempts hive also been made to influence the virus
of fon] leuh-emia by the action of thorium X (Wallbach,
1932, Jarma, 19,2), though without convincing results

In this conncction 1t should be mentioned that various
attempts to cure fowl leuhxmia by medicaments which were
mtended to  hill’ the virus have beenrecorded  Jarmar (1932)
attempted treatment with Atoayl and benzene, but preduced no
cures  Schaaf (1936) tried Optarson and Solarson (arsentcal
preparations) and other chemotherapeutic substances without
success  Zadik (1933) thought that he had cured 10 out of 20
birds suffering from erythroleuhmmia by treatment with a lead
preparation hnown as R 237 b (Rothmann)  Oberling Guerin
and Guenn (1934) thought similarly that they had obtamned
therapeutic effects with Pl | and Rhod

Engelbreth Holm Rothe Meyer and Uhl repeated these
experiments 1n 1935 with a large number of birds with the
same techmque, and with mainly the same stramn of birds
(Engelbreth Holm s stramn R}  The results indicated that the
lead preparation R 237 b had no effect on foul leukemia
but that it had a violent toxic action on fowls Plasmoquine
was also quite meffective  These results have been confirmed
by Schaaf (1936) Rhodoquine seemed to have a shght effect
both 12 wtro and 2 vive the course of the disease being
somewhat prolonged and the virus apparently weakened to
some extent :z vz¢ro in the case of one stramn (R) though no
effect was observed 1n another (E S)

It has already been mentioned that Engelbreth Holm (1933)
mvestigated the action of liver preparations (among others
Campolon) on erythroleukzemia but obtamed no result  Schaaf
(1936) also tried liver treatment but 1t proved to be ineffective
The same authors tried to influence the course of the disease
with various hormones (gonadotropin  thyrowdin  folliculin
growth hormone) but without success

ISOLATION OF VIRUS
Only a few attempts to 1solate the virus of fowl
leukzemia have been recorded  Jarmai (1938) separated
virus containing material (hydrolysed leukzemic blood
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Irradiation —The virus of fowl leukzema 1s resistant
to irradiaton  Jarmai (1930 31) 1rradiated virus
contaimng material with ultraviolet light at a distance of
15cm for one hour, without bemng able to demonstrate any
decrease 1n the infecting power, few techmical details of
this experiment are given, however, and 1t would seem
possible that, owing to the thickness of the layer irradiated,
some of the virus may have escaped wrradiation

The virus 1s extremely ressstant to X rays  Though
Jarmar (1932), after an exposure of leukzmic fowls
to X rays, found a decrease n the number of patho
logical cells in the blood, cures were not obtamed
He thought, however, that he had observed destruction
of the virus 1 the organism 11 one case after radiation
with X rays (63 KW, 6 mA, distance 34 cm, no filter,
five 20 mmute treatments m 9 days), since attempts
at transmisston to three birds produced no take  Engel
breth Holm and Rothe Meyer (19324) observed a similar
result from umversal irradiation for 53 munutes of 2
leukzzmic fowl, whose blood was previouslv able to
produce takes (180 KW, 4 mA, distance 33 cm, filter
1f2 mm Cu+3 mm Al Subsequent attempts at
transmussion to three birds gave negative results  The
result of another similar experiment was, however, that
the ability of the blood to produce takes was the same
after irradiation as before (Rothe Meyer and Engelbreth
Holm, 19332) No decrease in the power of the virus to
take was produced by irradiation of blood 27z vzZro with up
to 5500 r  Jarmai (1938 39) repeated these experiments
and found that on wrradiation 22z vzfro the virus could
tolerate doses of even about 130,000r Forfota (19374, 6)
obtained simular results

These nvestigations show how much care must be
taken 1 assessing such studies  Only results that can
be reproduced n several expersments iny olving a fair
number of birds can be considered reliable
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cultwating the virus for several passages when the
type or types of cells 1gamst which the virus was directed
were growing i the culture  If this were not so, no
surviv 1l and certunly no multiplication of virus occurred
Tibroblast cultures of the bone marrow of fowls with
pure erythroleuhemin, for instance, did not contun
virus  The combined leukemic sarcomatous strains of
virus could be culuvated n cultures of the sarcoma
concerned, while the virus of ¢ pure’ leuh-emic strains
could be cultnnated 272 w2470 only 1f the culuvaton of the
blood cells concerned was successful  This occurred
with the myeloblasts in strun 1, which survned and
grew m cultures 1in which virus wis also detectable for
periods up to 30 days TIurth concluded from his com
prehensne experiments that these  viruses muluply
wn vsitro only in the presence of cells on which they
confer neoplastic properties”  These experiments, in
which virus from mixed strauns can sull produce both
leukemia and sarcoma after cultmation 2 wtfro in
sarcomatous tissue prove the justice of the assumption
that the different mamfestations of the disease with these
struns are due to one virus only which can stimulate
both primitive blood cells and hindred mesenchy mal cells

Ruffilh (1937) reported 1n apparent contradiction of
these findings that cultures of fibroblasts from the myo
cardium of leukemrc fowls, cultivated in the usual
manner 1n Carrel flasks and by the cover glass method,
can produce typical erythroleush@ma on inoculation
after 122 days (44 passages) A possible explanation of
this may be that the stram was not purely erythro
leuhzemic but mixed, an assumption which 1s perhaps
supported by Ruffilly’s statement that the fibroblasts 1n
the cultures were somewhat atypical and resembled
neoplastic cells

Ruffili s (1938 f) report of experiments mn which
cultures of normal fibroblasts from the hearts of chichens
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corpuscles) mto one fraction of albumin and one of
globulin, by precipitation with ammonwm sulphate
After these fractions had been washed and dissolt ed, the
greater part of the virus was found in the globulin fraction,
with which the percentage of tahes was 100, while 1t
was only 20 with the albumm fraction Morellr and
Vercellone (1938) precipitated leukwemic plasma with
ascorbic acid (1 150) The resultng precipitate was
incapable of transmutting the disease, while the hquid
remainimg produced transmussions i healthy fowls

CULTIVATION OF VIRUS

This has been attempted by several mvestigators
The virus can be cultvated outside the organism only
in intimate connection with hiving cells

Verne, Oberling and Guern (19,6) attempted to
grow the virus 1 tissue cultures of the bone marrow of
fowls After a few passages such cultures consisted
of fibroblasts, after which the virus could no longer
be demonstraited Cultivation i Carrel flashs with
repeated additions of fresh marrow from normal hens
produced successful takes after 15 days, but the authors
think that this was merely a question of survival of the
virus and that there are no grounds for the assumption
that the virus bad undergone muluphcation

Furth and Stubbs (1934) also found that the blood
cells disappeared from tissue cultures in the course of a
few days They succeeded, however, in cultivatng
sarcomatous tissue from one of their muned stramns
(stramn 13, erythroleuhzemia combined with endothelal
sarcoma)  After 67 days fowls were snoculated with
these cultures, which then appeared to be extremely
‘virulent producing both sarcoma and erythroleuhema
—aswasusual with this strun—in 5 out of 6 birds Symilar
experiments with more strams (Furth and Breedss,
1937) demonstrated the possibthty of preserving and



[Py

Fiv 36 —Chonw aliwutoic mumbrane of 3 fortilised hen s ¢gg after incuba
tion for 40 hours  Some pnmutine ctlls of the ba ophil erythroblasne
or hmocytobistic type Are scen X about 500

s 82



88 LEUKRZEMIA IN ANIMALS

were “infected’ with the leucocytic layer from erythro
leuhzmic blood was still more remarkable The fibro
blasts were subsequently subjected to further cultivation,
which caused the blood cells to disappear from the
fourth passage, whilst the fibroblast cultures were able
to produce takes 1 two birds up to the ninth passage
(22 days) Whether this was a case of the contnued
co existence of blood cells, 1n spite of the fact that they
were not observed, or whether the case was one of real
mfection with fibroblasts as i other fowl tumours
(Ludford, 1937) 1s st1ll uncertain

Pending confirmation by other workers of Ruffilh's
results 1t seems wisest to assume that the virus of fowl
leukzemia, like that of fowl sarcomata, can be cultivated
22 v2f70 only 1n the presence of cells agamnst which 1t 15
directed and which 1t ¢in influence with the resulung
development of leuhzemia—or possibly sarcoma *

T'madly, attempts have been made to cultivate the
virus of fowl leukemia 1n feruhsed hen’s eggs, using
the techmque of Woodruff and Goodpasture (1931)
Jarmai (10334) ‘infected ’ fertilised hen’s eggs bv mject
mg virus contmmng substance (blood) directly into the
egg, and found that the embryo could not be infected
until st was ten days old  The development of the bone
marrow 1n fowl embryos does not begin untl the ninth
day, and Jarmai therefore concluded that the presence
of bone marrow cells must be a condition for the cultiva
tion of virus by thus means  Storti and Mezzadra
(1938) also employed Woodruff and Goodpasture’s
(1931) techmque, and found that the virus of fowl leuk
semua could live in the fertilised hen’s egg even before

* Synce this book was wnitten however Ruffili s work appears to have
been confirmed by Doljan 11 and Pikovsha (1910} who found that cultures
f heart muscle from the lenhxmac fow] were infectve after six months
;nd who also ¢laim to have cultivated the leukoticagent by infecting cultures

of normal fibsoblasts with infective filtrates



VIRUS OF rOWL ITUKAMIA 89

the tenth diy of development of the embryo, they
did not, however, provide any proof of the mulupl
cation of virus, since hving virus was not demonstrated
i the chorio allantoiec membrane for more than three
days (3 cases) and four days n onecase  No serial cultt
vation of virus wasmade  These quthors were of opinton
(' bien que pas encore completement sur ') that most
probably multplication of the virus had tahen place,
te multiplication of the virus without the presence of
cells specifically sensitive to the virus This, however,
has not been demonstrated with certunty  Even success
ful cultination in passage of the virus of fow] leukaemn
on the chorio allantoic membrane, which has not yet
been achieved, will not necessarily indicate that the
virus cin grow 1f 1t 1s not connected with the cells that
are specifically sensitive to 1t, for the chorio allantoic
membrane of fonl embryos contuns cells of this hind,
te pnmtive endothehal cells and stem cells, from the
second day of development (g 36)

The assumption that the virus of fowl leuhzemia can
be cultivated only 1n associition with cells specifically
sensitive to 1t 13, 1 fact, affected just 1s little by the
results of attempts at cultivation in the egg as by the
EXPCTImen[S \Vlth tissue cu]tures

CONDITIONS OF IMMUNITY

Everyone who has been engaged to any large extent
in transmsston experiments with fow] leukaerma has come
across a few birds which do not react to the inoculation of
leukzemic material by developing leukaemia, but seem to
be resistant Moreover, 1solated cases of spontaneous
recovery from the disease have occasionally been
observed  Birds which have once withstood moculated
leukzemia often appear to be immune to the virus m
subsequent moculations, though this immumity 1s not
absolute and does not seem to be permanent These
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by development of the disewse may quute well be an
acquired immumity developing so rpudly 1nd to such
n extent that the pathological symptoms do not evolve
to 1 pont 1t which they can be recogmsed  Sernl
evperiments 1n which the content of virus n the blood
after moculition has been obscrved for long periods
seem to indicate clearly the correctness of this assump
won A sumlr opmion s regirds resistance 1nd
unmumty to transplinted tumours was advanced by
Woglom (1929)

It 1s interesting that such smmune fowls are gener
ally also immune to struns of virus other than that
which caused the inmunny  This feature, too, reflects
observations on fowl sarcomata ciused by viruses
(Andrewes, 1931, 1932) Oberling 1nd Guenn (1937)
further demonstrited that fowls which are mmmune
to the moculation of leuhemin are also unmune to
transplantation of sarcomata produced by the same
virus

As already mentioned, the plisma of these fowls
contamns virus neutralsing  substances which  can
withstand heatng to 36° C for 45 minutes but which
cannot tnactivate cell contaiming material Rothe Meyer,
Engelbreth Holm and Uhl (1935) also demonstrated a
virus neutrahising property n the plasma from a fowl
with slowly progressive erythroblastic an-emia after
the destruction of the virus in the plasma by heanng to
56° C  This further supports the theory that such
anemias are to be regarded as erythroleuh-emia m an
attenuated form The observation of these authors
that serum from a spontaneously recovered fowl which
was shown to contain virus neutralising substances was
unable, on later examination, to inacti ate the virus
serves to 1llustrate the fact that acquired immunity 1s
not always permanent Such experiments must how
ever, be taken with a certain amount of resery e, since
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phenomena have not yet been fully explamed A dis
uncuon should presumably be made between immunity
to virus and smmunity to cells (Furth, 19324), 2s m the
case of other fow! tumours caused by a virus, but this
pomt also awaits further elumdation

Furth (19322) demonstrated that serum from ‘um
mune fowls could to a certain extent bt the power
of a leuksemic serum to mfect On the other hand, he
did not succeed m mhibiting cell contammg mfective
material -

Rothe Meyer and Engelbreth Holm (1933) mvests
gated sumlar conditions and eobtamed similar results,
namely that the plasma of birds which have recovered
spontaneously can neutralise virus 1n leuhaemic plasma
but not m cefls  Normal plasma does not possess this
property It 1s also emphasised that the immumty
dernved from spontaneous recovery s not always per
manent For instance a case has already been men
tioned of a fow! which survived nmme re moculations
after spontaneous recovery but died from levhema
after the tenth

Rothe Meyer (1034) mvestigated the incidence of the
so called resistance 1o fowls and found that this was
never observed i chickens under exght weeksold  Only
three ressstant birds were found among 1900 chichens
over two months old  No definite figures can be gnen
for adult fouls smce the resistince as already men
tioned varies with the sewson, on an average about
2 per cent of fonls are remstant As regards the
frequency of spontaneous recovery after mnoculation,
Rothe Meyer found 26 recoveres out of 1060 adult
fowls which had shown leukmmie blood changes He
emphasised that 1t 15 perhaps wrong to makhe 2 distine
tion between natural resistance and SPOnLaneous recovery
in this way since a resistance that s indicated by the
fact that mocnlation of levhemic matersal 1s not followed
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even the mfective potency of cell containing materinl
Takes were produced 1n only twenty four of eighty six
birds (1bout 28 per cent) in five different experiments
m which erythroleuk-emic blood and immune duck
serum were mixed n the ratio 1 20 or 1 200 1nd,
after standing for some time, were injected nto the
chickens The same quantity of the same blood, after
standing for the same time without duch serum, m
fected forty seven out of fifty three birds (1bout 89 per
cent) That the duck serum had a pronounced inhibit
ing effect on the virus in the blood ws further indicated
by the fact that the twenty four chichens which
developed leukemua after injection of the muxture
of blood and 1mmune serum did not die unul, on an
average, twenty days later, while the avertge life of the
forty seven control birds was only nine days

The union between virus and anuvirus was found
to be fairly stable Thus, virus could not be hberated
by dilution with saline, as can the combination vaccine
virusfantivirus, nor could the combmation Rous sar
coma virusfantivirus be hiberated 1n this way (Andrewes,
1932) Uhl further investigated the question whether
the neutralisation of leukemuc virus (from several
steains), and the inlibition of virus i cell containing
matertal which 1s produced by serum from duchs
mmmumised with the blood of leukeemic fowls, are due
to antibodies directed agamst fowl protemn as such, or
whether the presence of an antivirus must be taken
mto consideration  Eleven ducks were accordmngly
immunised with normal adult fowl blood, seven with
normal chicken blood and three with embryonic fowl
uissue  Serum from these ducks and leukaemic plasma
were muxed exactly as in the previous experiments and
nyected ntray enously mto chickens  In seven different
experiments takes resulted in fifty six out of sixty one
birds (about 92 per cent), while sixty one out of
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m practice it 1s not feastble to make a quantitatne
estimate of the virus content of leuhznuc plasma untif
the latrer 15 tested for mhubitory properties A definie
amount of immune serum can undoubtedly neutralise
only a certamn hmated amount of virus

No details are avaslable of the nature of the reaction
that tahes place between the virus and the virus neutral
sing antibody m fowl leukemia  The usual serological
reactions—~precipiation and complement fixation—uhen
they occur, do not run parillel with virus neutrahsation
Thomsen, Engelbreth Holm and Rothe Meyer (1933)
found no complement fing antbodtes specific to virus,
but only those produced by the mnjection of foreign blood
snto the blood of an erythroleul zemic fowl

ACTIVE IMMUNISATION AGAINST FOWL
LEUARLMIA VIPUS

Ducks —Uhl, Engelbreth Holm and Rothe Meyer
{19364) demonstrated that 1t was posstble to immunise
duchs actively to the virus of fow! leuhemia  Repeated
(ten) mjections of leuhaemic fowl blood every other day
produced anubodies to virus, as vell as to fowl blood
wself, i the sera of these bwds Normal duck serum
was found to lack the virus neutraliung effect  Uhl
(1037; thoroughly mvestigated this phenomenon  Hem
munised more than sixty duchs m the manner descnbed
and m twelve different expersments found a pronounced
virus neutrehsing effect exerted by the sera of these
birds  The sera of the ducts neutralised not only the
virus with which they had been rmmumsed (Engelbreth
Holm and Rothe Meyer’s stram E S) but alse that
of another leshesmuc stram (stram R}  In addition
¢o neutrilisng virus m serum or plasma (i several
expenuments 1 €€ of ducl serum completely neutralssed
¢he virus m 1 cc of leuheenue plasma), the immune

serum from duchs was able to some extent to weahen
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of virus nubodics to the fowl anngen antibody com
plex has not been decided Tt as 2 well known fact that
the wntigen nnubody complen posscsses 1 great power
of adsorption

These duch sert, which had shown such 1 pronounced
neutrilising effect on free virus, and could to 1 certun
extent inlubit virus combined with cells, were used 1n 1
sertes of attempts to inhibit the development of the
disease in chickens noculated with virus (Engelbreth
Holm, Rothe Meyer and Uhl, 1936) Two series
of evperiments were carried out m which chickens
moculited with leuhemic plisma were treited with
10 ccm of duck serum immediately after moculation
(110 birds) or with 10 ¢ em on the third diyand 4 cem
on each of the two following days (thirty seven birds)
No change whatever in the course of the disease resulted
n one series of eaperiments, since eighteen out of twenty
birds died from leukemia just 2s rapidly as the control
birds  Only fifteen out of twenty seven birds treated
m the other experimental series developed leukemia,
agamst twenty three out of twenty sit control birds
In this series, therefore the treatment may have been
to some extent effective

Fowls — Active immumsation of fowls with leuh
@mic virus has been attempted many times In 1920
Ellermann and later Engelbreth Holm (1932), Jarmai
(1932) and Schaaf (1936) attempted to produce
mmmumsation by the subcutaneous and intramuscular
mnjection of various virus containing substances The
desired result was not obtamned ether by mjections of
small and increasing doses or by treatment with virus
attenuated in various ways

Oberling and Guerm (19385) attempted to immumse
fowls by the intracutaneous mjection of small quantities
of blood This method also did not produce any certain
mmmumty Rothe Meyer Engelbreth Holm and Uhl
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sixty threecontrol birds developed leuhzemsa (about 97 per
cent) The birds m the first group died on an average
after fifteen days, whilst the control birds Iy ed for about
eleven days How this shight vamation m the two
groups should be interpreted 1s doubtful It should be
menuoned that the difference 1s largely due to the
result of one of the seven evperiments, m which only
stx out of ten moculated birds developed leuhzma,
whilst i the other six experiments takes were
observed 1 fifty out of fifty one buds, ze the
same result as that m the control group (sity
one out of sixty two) Uhl 1s certamly nght mn s
conclusion that antibodies to fow! protemn cannot
esplam the mhsbiting effect of the duch sera on cell
contaming matenal, and sull less their often total neutral
isation of cell free virus contaiming plasma  This 18
elearly dllustrated by an experiment m which some of
the ducks which had been smmunssed with normal fownl
blood with no development of virus neutralising antt
bodies were subsequently nmmumsed with leuheemic
blood, after which their serum completely mactivated
teukzemic plasma

Nor can the assumpuon that such neutralisation
requires the presence of complement explamn the defec
tive wirus neutralisation of duch serum after immumsa
ton with normal fowd blood since the addinion of fresh
gumnea pig serum did not affect the results of these
expenments

Ukl also found evidence for the assumption of a
specific antivarus m the duck serum by absorbing 1t
with normal fowl bload corpuscles until 1t was no longer
able to agglutnate them, it sull retumned s vius
neutralisng property  Titration however showed that
absorption with normal fowl bleod corpuscles to some
extent reduces the virus neutralising property Whether
this 15 a matter of non specific mechanical adsorption
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chichens died of leuk-emin, 1s agunst four out of five
control birds  The eight surviving fowls and seven
chichens were now given three injections of increasing
doses of leuh-emic blood, the last bemg 1 ccm  These
njections which produced twenty nine tahes in thirty
control birds resulted 1n the development of leuhaemia in
four fowls and four chichens, whilst four fowls and three
chickens still appeared to be immune  This result agrees
with those obtuned when the same method 1s used for the
immunsation of mice 1nd chickens against fow] plague—
30 50 per cent of the amimnls so treated become immune
That four of ten fowls and three of eleven chickens had
really been immumised was indicated by the fact that
Uhl Afterwards demonstrated the presence of virus
neutrahsing anttbodies in their serum  Some immumty
had presumably also developed 1n the birds that died
from leukzmia during the experiment since the course
of the disease was longer (1verage exghteen days) than
m the controls {average eleven days)

Thus 1n fow! leukzemia 1t has now proved possible to
effect active immunisation, n spite of the earher negative
experiments

It will be evident from the nvestigations reported
this chapter that as regards immumsation the various
known stramns of fowl leuk@ma virus—both pure and
mixed—show a remarkable resemblance to the char
acteristics observed in the case of fowl sarcoma viruses
Though the latter have generally been subjected to far
more thorough study * the similanty on almost every
pont 1s so surprising that one 1s bound to assume
that the two types of virus are intimately related an
assumption which was almost inevitable when the
combined sarcoma leukzemic stramns became known

* For detals of the mvestigations mto the Rous and other fowl sarco

mata reference should be made to O Thomsen in Doerr and Hallauer s
Handbuck der Varusforschung Vol 11 1939 p 994

G
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(r935) tried to induce active mmmunmity with mrxtures
of virus and anuvirus, with negattve results  Jarmat
(19358} attempted to mmmumse fowls with extracts of
fowl embryos, but this had no effect on the results of
subsequent wnoculation with virus  The same author
(1932) had previously tried to produce immunisation
with virus neutralising sera

It has already been mentioned that the virus of fonl
leukzma 15 mactivated by oxygenation  Ruffilli (193868)
moculated ten birds with such mactnated virus  Four
were given two mjections of oxygenated leuhzemic plasma
at an mterval of twenty days Two of these survnved
a subsequent mjection of extract of leukamc spleen
Si¢ birds which had been immunised with leukaenme
plasma mactivated by means of normal red blood
corpuscles saturated with oxygen, were mmmune to
a subsequent mnoculation of leukemic plasma  From
this Ruffitl concluded that virus which has been m
actrvated by oxygenation retamns its antigemc property

Uhl (1938) obtamed real active immumnsation of
chichens and fowls by the mnjection of leuhzmic virus
adsorbed to alumimum hydroxide (Wilstatter type C),
he used a techmque described by Schimudt, Prshov and
Hansen (for literature see Uhl, 1938) for immunisation
agamst different toxins and ultramicroscopic viruses

Ubl adsorbed on alummium hydroxide the virus
extracts of spleen and blood from erythroleukeemic
fowls After standing for some tme the aluminium
hydroxide was removed by centnfuging and kept at a
temperature of —5° C Ten fowls and eleven chickens
were then treated by subcutaneous mnyections of mncreas
ing quanuties of this alummum hydrowide tuehe
mjections m all bewmg given at mtervals of four days
One month after the last injection 1 6 c em of lenheaeme
plasma was mjected ntravenously into each of the
birds  Two of the ten fowls and four of the gleren
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TRANSMISSION I'\PLRIMENTS IN CATTLE

Leuhzermia has not been successfully transmitted m
cattle, although slight transitory changes n the blood,
sumilr to those in Ludhe’s dog expertment, have been
observed 1n 1 few cases

Knuth and Volkmnnn (1916) moculated three calves
with minced lymph node tissue from 1 leuhaemic cow
and fed s\ dogs with liver tissue from the same amml
In addition, the blood of the cow w1s injected ntra
venously into the calves Tour calves together with
guimnea pigs and muce, were used in sumlar experiments
The blood of the calves was subsequently examined
some of them had reacted with the development of
lymphocytosts but no leukzemias were observed

du Toit (1916), Endres (1921) Creech and Bunyea
(1929) Schottler and Schottler (19,4), Dobberstein and
Piening (19,5) and Stasney, T'eldman and Popp (1939)
were equally unsuccessful m obtaining transmission n
similar experiments with cattle  Schottler and Schottler
(1934) however stated that, after noculating the ammals
with leuheermc blood intravenously or with leukaemc
lymph node ussue subcutaneously they found transitory
lymphocy tosis, amounting to 8o go per cent of the total
leucocytes the actual number of which was not how
ever, given  Normally, a cow has about 10,000 leuco
cytes per c mm of which about 50 per cent are lympho
cytes and a calf has about 12,000 to 15,000 per ¢ mm , of
which about 8o per cent are lymphocytes (du Toit 1916)
A further transitory lymphocytosts, which never
developed into leuh@mia, was regarded by Schottler and
Schottler as a latent stage of lymphogenous leukzemia,
but this opinion would seem to lack foundation

Dobberstein and Prening (1935) observed similar
lymphocytosis after moculation with leukeermic blood
or minced lymph nodes In some cases they also found



CHAPTER V

TRANSMISSION OF MAMMALIAN
LEUKZEMIA

TRANSMISSION EXPERIMENTS IN DOGS

IT has already been mentioned that the first attempts
to transmut leuhazmia from one mammal to another of
the same species were made by Bollinger, who, n 1874,
tried to transmt lymphogenous leuhzmia from one
dog to another by 1njecting an emulston of splenic tissue
mto the tissue of the lungs  Cadiot (1892) made stmilar
experiments with several hinds of amimals, he gave
subcutaneous, ntraperitoneal and intravenous 1njections
of cell containing material from the organs of a dog with
lymphogenous leukaemta to twelve dogs, three cats, two
goats, two rabbits and twelve gurnea pigs, but no take
resulted  Emile Weil and Clerc (19046) also attempted
transmission 1n dogs by mtravenous and intraperitoneal
myections of blood and by subcutaneous transplanta

tion of lymph node tissue, but did not produce the
disease  Dahlstrom and Henschen (1918), and Wirth
(1920) were no more successful m therr attempts to
transmt dog leukzerma to dogs A doubtful result was
obtamned by Ludlke (1910) from the intravenous mjection
of emulsions of bone marrow and spleen from a leuhaemic
dog mto six young dogs One of these shortly after

wards displayed a surprising blood picture with 100 coo
leucocytes per ¢ mm , ncluding a few myelocytes The
haemoglobin percentage also fell shghtly and a few

normoblasts were observed  There was, however, no
manifest development of leuhama, and the changes
disappeared spontaneously

98
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month four of the five calves displyed moderate anemn
4nd the number of white blood corpuscles rose, without,
however, rexching extriordinanly high values  The
increase consisted lrgely of lvmphocytes of which a
very few were immnture, large, with leptochromatic
nucler wnd 1 few nucleolt  All these changes receded
spontaneously

How these transitory changes are to be interpreted
1s doubtful It 1s obvious that thev cannot be regarded
s successful trainsmissions  The possibilites to be con
sidered 4re erther that this 1s just 1 non spealfic reaction
or that there 1s 1 transplintation which retrogresses
rapidly 1s1s often seen when animals genetically different
from the donor are noculited with tumour substance
The appearance of immature lymphocyuc cells in the
arculation may perhaps pomt mn this direction  Further
research 1s necessary, however, before these possibilittes
can be profitably discussed

TRANSMISSION EAPERIMENTS IN RODENTS

Although as indicated above the transmission of
leukzzmia to healthy amimals has not been attamed in
the case of the larger mammals trinsmissible leuhemn
and landred sarcomata are well known 1n rodents

Schulize (1914) reported experiments m which he
had transmitted a ly mphosircoma in rabbuts for eighteen
months by the subcutaneous or mtramusculr m
plantation of ussue Very widesprend changes closely
resembling ly mphogenous leuh-ermia were observed m
many of the moculated ammals  Blood changes were
also seen 1n two cases (¢ g 45 000 leucocytes per ¢ mm
with 21 per cent ly mphocy tes and 7o per cent ‘ sarcoma
cells )

The pictures resemble those of Sternbergs leuco-
sarcomatosts  and Schultze emphasised the close con-
nection existing between lymphosarcoma sarcomatosis
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moderite antma (up 10 20 per cent decrease m the
total number of erythrocytes) and temporiry fever
This state was regarded as the mital stage of lympho
genous leukemia i spite of the fact that mamfest
leukzmia w1s not observed in any case I'rom these
experiments which mncluded two control cows mnjected
with normal serum without showing swmlar changes,
the authors concluded that cattle leukema could be
transmitted by means of a 1irus which they damm to
have mmvestigated 1 varnous ways The enperiments
reported do not, however, justify such a conclusion I
no case hrs transmussion of the disease been accom
plshed and serum from the affected ammals—often
with shght lymphocytosss, etc —behaves lihe normal
serum when transmutted further du Tonr (1916)
reported that the mjection of mmced organs of normal
anmals also produced leucocy tosis 1 cows

Stasney, Feldman and Popp (1939) myected lympho
genous leukemic blood intra enously and minced lymph
nodes subcutineously mto two calves, one of which had
previousls been arradiated over the spleme region with
X rays The blood of both ammals was evammed
before and ~fter moculation No ancerma deseloped
but there was a conswderable leucocytosis (81,000 and
88 0o leucocytes per ¢ mm ) with many myelogenous
cells, some of them immnture A few lymphocytes
with 1mmature nucles were found n both anumnls,
remmmscent of those seen in the donor beast The
changes reverted to normal after ten days, and thorough
exammation (mcluding autopsy) 283 and 346 dus
Inter revealed no sign of leukemin in esther wmal

Symlar results were obtamed by Engelbreth Holm
and Plum (unpublished) These workers myected the
blood of a leuhmmuc bull (Iymphogenous subleuh-emie
leuheemia) nto fise young calves one of which was the
offspring of the leuh-emie donor  Dunng the followng
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Abdominal tumour composed of pathological myelo
blasts, which were also observed 1n the blood to an
amount of 6 per cent No leukemic changes were
found 1n the organs  The tumour proved to be trans
plintable when an emulsion of 1t was injected 1ntr1
peritoneally  Single or muluple neoplastic nodes com
posed of the sume cells developed on transmussion by
this means, but no true leukzemic picture was observed
Oberling, Guenn and Guerm (1939) as already
mentioned, described seeral earefully investigated cases
of leukzemin, both lymphogenous ind myelogenous
rats Trom five out of six antmls with 1y mphogenous
leuhzemin these authors tried to transmit the disease to
groups of ten to thirty rats but no defimite transmssions
were obtained Seventeen months after inoculation a
case of lymphogenous leukemia was found 1 one
group and after nine months two cases of sarcoma of
the intra abdominal lymph nodes were found n another
Leuh-emic blood changes were present m one of these
cases but Oberling Guerin and Guerin were not con
vinced that these various developments could be regarded
as the result of the inoculations they had made The
remaiming three groups of ammals showed no evidence
of transmisston  On the other hand undoubted trans
nusstons were obtained with material from one of three
animals with myelogenous leuheerma  Twelve rats were
moculated subcutaneously with pieces of organs and
preces of coagulated blood were mjected mnto eight
Eleven months later a small myeloma was found 1n
one of these ammals at the site of inoculation and
well marked myelogenous leukeemic changes were also
found Twenty young rats were moculated with frag
ments of hiver and spleen from this amimal, and ten
with tissue from the subcutaneous myeloma One of
the twenty developed an abdominal tumour which was
regarded as a myelosarcoma  Three small subcutaneous
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and leuhzemia, which seem to be various expressions of
the same disease It will be noted, however, that
Schultze observed only transplantation cases, ¢ cases
1n which the cells that produce the pathological processes
are foreign to the organism, and which cannot therefore
be compared with cases of spontaneous origin

In gumea pigs Miguez (1918) was the first success
fully to transplant a lymphosarcomatous tumour this
was retransmtted by Fischer and kantor (1919)
through numerous passages As in Schultze’s case,
there 1s no question here of the transmussion of true
leukzzmia

Fraser (1925) similarly transmitted lymphosarco
mata m the South American red squirrel The expent
ments are not described 1 detai, but 1t 1s said that
cases of spontaneous regression were observed among
the amimals moculated Termnal blood changes are
mentioned, but whether any of the cases were typical
leukzemias cannot be decided

The first successful transmission of typical leuhem2
m mammals was performed by Snyders (1926), who
found cases of lymphogenous leuhaemra m gumea pigs
mn the Dutch Indies It was possible to transmut the
disease to healthy gumea pigs by means of cell contamn
ing matenal, and Tio Tywan Gie (1927) submitted the
matter to close miestigation The disease could not
be transmitted with cell free materral Transitional
forms between lymphogenous leukeemia and lympho
sarcoma also appeared in these experiments

Transmissible leuheemic  disease has also been
described 1n rats—though not until recently It has been
mentioned previously that Wilens and Sproul (1936)
observed a number of cases of leuhzemia 1n rats  Trans
mussion was attempted from one of these, but without

success
In 1938 Rash Nielsen described a rat with a large
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290,000 ‘ tumour cells’ per ¢ mm , did not develop untl
Jnte in the ammals’ hves  The picture was comprable
with that of Sternberg’s leucosarcomatosis i human
beings

TOWLRING Ol RESISTANCE BY IRRADIATION
WITH \ RAYS

The transmission of mouse leuh-emin to other mice,
however, seldom succeeds 1f the mice used 1n the expent
ments are of mixed (miscellineous) origin or of strains *
different from that 1n which the leuhemia onginated

This  difficulty however, cin be overcome, as
appears from the studies of Krebs, Rash Nielsen and
Wagner (1930), who found 1 means of lowering the
resistince of mice to trinsplinted tumours It was
shown that the resistance decreased 1if the mice had
previously been totally irradiated with a sublethal dose
(300 400 r) of X rays, the tumours i question thereafter
being trinsnussible to a large number, 1nd not infre
quently to 1}, of the ammnls inoculated  Further, the
same authors made the sigmficant discovery that the
merdence of spontaneous tumours and of leukzma
incrensed greatly in animals irradiated in this way  The
interesting problems rused by the latter finding will be
described 1 detul 1n Chapter [ X

By the method of wradianon described above
Krebs, Rask Nielsen and Wagner succeeded in estab
Iishing a transmission line of Iymphogenous leukemia
with transiional forms to lymphosarcoma (* lympho
matosis mfiltrans leuheermea et aleukeemica’)  This
line has been used by Krebs and his co workers, Rask
Nielsen Kaalund Jorgensen, Clemmesen, and Bichel,
for a great number of experiments carried out since

* The word strin  here means a series of generations of ammals
mbred by brother sister mating  Mice of more mscellancous breed or
of mixed ongin will be referred to 25 stock Line indicates a trans
plantation series of tissue inoculations for several animal passages
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tumours at the site of oculation, together with leul.
amic blood changes were found i three of the ten

TRANSMISSION CAPERIMENTS IN NON INBRED
MICE

The difficulty of obtaming evidence of the expen
mental transrmssion of leuhemia m rats, rabbuts, dogs
and cattle does not necessanily imply that the disease 18
nat, or 1s only rarely trinsmussible m these ammals It
was not untl expeniments were carrted out with mouse
leuherma which, likewise could not be transmitted to
healthy animals at the first attempts, that the extra
ordinary smportance of the genetic factor became clear
These discases—as 1s the case with most transmusstble
tumours—cn generally be transmutted only to ammals
which are closely related to, or belong to, the same
strain the genetic constitution of which 15 thus similar
to that of the ammals from which the leuhemic or
neoplastic tissue origmates

As already indicated, the first attempts to transmit
mouse leuk@mia were unsuccessful Ty zzer (1goy o8)and
Haaland (1911} tried to transplant mouse lymphosarco
mata and lymphogenous leukaemia nto large numbers
of amimals, without result  Levaditt (1g14) also tried to
transmat two typical examples of mouse leukenma to 2
large number of healthy ammals but without success

It was not until 1929 that Korteweg succeeded 18
transmitting a fymphosarcoma which had arisen m the
thorax of a mouse following an wnjection of tar emulsion
mto the traches eleven months previously  The tumour
was re transmutted by subcutaneous transplantation
through twenty passages lymphosarcomn as well
as systematised widespread lymphogenous lenkemic
changes developmg in the lwer Jidneys pancreas
spleen lymph nodes and bone marrow of the anymals
mnoculated  Leubemie blood changes, with up to
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ganons  Rask Mielsen furthermore expressed the view
that the ‘ lvmphomatoss ' 1n the line under discussion
should more correctly be regirded s bonging to the
group of myclogenous leukemn, since the cells char
acteristic of the disease show 1 transition to perouidise
posine, azurophile grnulited cells resembling pro
myelocytes 1nd since the nuclear structure s not
typrealle lymphocyuc  This optmon was supported
by Kaalund Jérgensen (1936) who considered that the
cells were myelogenous 1nd closely related to retcular
cells  Thus the history of this hine provides 1 good
illustration of the difficulties that may be involved in
classifying leuhzmias characterised by tmmature cells—
difficuluies which apply equally i ammnls and 1n man
The disease can be transmitted to rats after intensine
wradiation (625 r to the whole animal) and can then be
re transmitted to mice  This Lind of heterologous trins
plantanon after the resistance of the new host has been
greatly reduced, was reported by hrebs and Thrane
(1932) and by Turth, Seibold and Rathbone (1933)
The expeniments show how very powerful 1s the acton
of X\ ray nradiation 1n lowering resistance  According
to Clemmesens (1938) extensive studies (in which,
however he employed tumours of other types than
lenhzmia) this action 1s due to a retardation of the
immumsation processes which normally take place m
an moculated amimal as a result of the introduction of
antigenically forergn tissue  Thus immumsation to
foreign tissue can be inhibited or so greatly delayed by
wrradiation with N rays that the tumour ussue moculated
gamns ume so to speak, for growth and spread before
the body s natural defence mechanism becomes effective
Ymally Bichel (1939) cultivated the pathological
cell of thys line 222 vatro by allowing 1t to grow m fibro
blast cultures 1 which its growth was of an mfilraune
type, lihe that of tumour cells on the other hand pure
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1930, they have icluded a series of mvestigations
mto the biological effects of X rays, which do not fall
within the scope of the present work, as well as
studies of the behaviour of the leukemic ussue
self 1n transplantation series It emerged, wnler
aha, that after the leukeerma had been repeatedly
transmitted for some years to irradiated muce, 1t could
then be transplanted to non wrradiated amimals (Kaalund
Jorgensen, 1936) This finding corresponds with the
known behaviour of various tumours on transplantation
If the first series of transplantations 1s successful, 1n
spite of a low percentage of takes (s, for instance,
the experiments of Krebs and s co workers with X ray
srradiation), the percentage of takes will often increase
in later passages in muce of the same stram  Similar
conditions are observed i the other }nown lines of
leuhzmia i mice {p 10g) Moreover, the use of X ray
irradiation to lower resistance 1s apphcable also to cases
in which 1t 1s desired to transmut leukhemia from one
strain to another, as was done by Furth, Rathbone and
Serbold (1932 33)

Rask Nielsen (1936) studied the blood and tissue
changes occurring i the line mentioned above, after
moculation of iwradiated mice, and he followed the
effects produced by the moculated cells as they gradually
spread through the orgamism  That the leuhemic
changes 1 varous organs are produced by dispersion
of the moculated cells had been established earlier by
Richter and MacDowell (1930) and Potter and Richter
(1933) Rash Nielsen however, thought he had reason
to behieve that the changes in the bone marrow, at any
rate were also partially due 1o a proliferation of the
animals own cells ‘ perhaps mfluenced by an
agent from the leucoss cells  This opimion, which was
put forward with all possible reserve cannot be evalu
ated with any certainty by purely morphological invest:
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The first straun of this sort 1o be of prrticulr interest
to mvestigators of leuhtmm was deseribed by Richter
and MacDowell (1929, 19304, 8) A very lrge number
of cases of Jeuhremn grdunlly 1ppc1rcd in o strun
(C 58) which had been nbred since 1921 by brother
sister matngs  In this way go per cent of the animals
of the mghteenth to the twnenty thurd gencritions, tht
were over sin months old, died of leuk-emin - Alcubhumie,
subleuh-emic, and pronounced leuhumic cises were
observed, although it was impossible to drwn 1 line
between the groups, since every concen tble trinsition
occurred  Cases were 1lso seen in which the coursc of
the disease changed from subleukemic to leubumic,
and .ice tersa, ¢ g from 354,000 to 31,900 leucocytes
per cmm , and even from 229,000 to 3800 No cases
of spontaneous recovery were scen It was as difficult
to distinguish defimtely between pure leuh-tmin and
lymphosarcoma as 1t was between leukzmic and non
leuhzemic cases Of 543 cases of leuhemia 450 were
lymphogenous and 6 myclogenous, while the type of
87 could not be ascertuned with certamty  Subcutane
ous or mtraperitoneal noculion of young ammals
{one or two months old) with a saline emulsion of the
splenic nissue from 10 ammals of the same strun was
followed 1n every case by the development of general
leukzemic lesions  Considerable leuhaemsc blood changes
were found 1n many of these ammals, with up to 260,000
white blood corpuscles per ¢mm, mostly 1mmature
lymphocytic cells

Transmission to muce of other stramns was not
successful, but four different lines originating from four
different cases of spontaneous lymphogenous leuhema
were transmitted for a large number of passages by
repeated transplantation of cell contaming material

It generally happens in such transmission lnes
that the virulence increases  evidence of this 1s to be



108 LLUKAMIA IN ANIMALS

cultures of the leukaemic cells, which Bichel, too, regarded
as myeloblastic, could not be obtained

These esperiments, which were all made with the
same hne, ilustrate 1n different ways the propertes of
the leuhwrmc tssue concerned  The combned results
mdicate that this tissue must be regarded as neoplasuc,
smce 1ts mode of growth m the bady of the host 5
infiltratne s tmmumty relatonships and sts behas wur
in ammals wrradiated with X rays closely resemble
thase of other tumours and, finally, since the mode of
growth of the cells m tssue culture 15 typically tumour
hke In the course of years the virulence of this e
has ncreased during its many passages and the tissue
15 novw able to become estabhshed in different mice exen
without previous X ray wradiauon It will be ponted
out fater that the nature of the mnoculated ussue has
thus undergone a change which disunguwishes it from the
tissue found tn the spontanecus leukaemias, a change the
nature and depth of which we do not hnaw

TRANSMISSION OF MOUSE LEUREMIA IN
INBRED STRAINS

Whereas the spomaneous development of leuhama
n mice was previously observed only occasonally, the
use of mbred strains provided opportumty for studying
the leuhsemic diseases i Jarge numbers of ammals
The mbreeding of stramns of rmce has been developed
parucularly m the U S A and after a certamn number
of years of mbreeding such strams display a compara
uvely high moadence of leubzemias of spontaneous
occurrence  These mbred strams have also made 1t
possible to obtan regular takes 1 espenmental trans
mission with far more certainty than before leuhkwmia
—hike most tumours—proving to be readily transplant
able into amumals of the same mbred stramn as that i

which the hne oregmated
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1s different from the uissue 1 the first passage and from
the ussue in spontaneous cases  When to this 15 added
the fact that the leuhemic cases scen 1n the passages of
a line re composed of cells foraign to the host, 1t 1s
clear that there 1re wide differences betw cen spontineous
cases of Jeuhmn and those produced by tewnsphintn
uon, especially in the later passages of 1 line

MacDowell 1nd Richter {1930) subsequently pub
hished a report of a new, similarly nbred strun ( Stola’),
and 1n 19,1 ane of 4 third strun (strun 89)  The former
1s distingwished by bemng almost free from leuhemi,
which has been observed only m 1 3 per cent of the
ammals  Moreover, the mce of this strun are not
susceptible to moculation with materal from for
example, stran C 358  Sumlir struns have been
described by McCoy Hill (1950), Slye (1931) and
Dobrovolshata Zavadshaia (19326)

Mercierand Gosselin (19,1 @, 8, 1932) 1lso reported 1
stramn of muce in which they re trinsmitted passages
of a lymphosarcoma that onginated m a mouse of the
same strain Some of the noculated amumals devcloped
changes resembling leuhzmin

In 1932 Seibold, Rathbone and Furth reported the
first experiments with a stock of mice 1n which ~ spon-
taneous case of lymphogenous leukemia could be
transmutted by moculation to other animals in the same
stock but not to ammals of other stocks An mbred
strain AL in which tymphogenous leukema occurred
commonly and myelogenous leukzemua rarely, was later
bred from these stocks (A R and S) 1In contrast to
this spontaneous myelogenous leulzma was commeon
m strain Rf but lymphogenous rare  Finally, both
forms appeared n strain S, side by side with atypical
cases (Barnes and Sisman 1939)

Numerous studies have been carried out with the

mice of these strains, some of which 1llustrate the various
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found 1n a rise in the number of takes (where this 1s not
100 per cent from the first passage) and 1n a progressive
shortening of the hives of the animals, as the number of
passages increases  The greater virulence 1s also shown
by the ability of the particular line, during later passages,
to take m anmmals belonging to strains which were
resistant to the earlier passages

How this increase 1n virulence 1s to be explamed 1s
at present debatable One theory 15 that the materal
moculated 1n the first passage, whether spontaneous
tumour tissue or leukzemic blood or tissue, consists of a
muxture of more and less virulent cells Durig passage
a selection 15 supposed gradually to take place, whereby
only the most virulent cells continue to grow, the less
virulent dying out This theory 1s not constdered
probable by MacDowell and his co workers, 1 view of
therr immumsation experiments, which will be discussed
1n a later chapter

Battner (1935 19392) tried to explain this phenomenon
by assuming that transplanted cells are gradually
changed, mutating during passage He emphasised that,
when the tumour tissue changes 1ts character 1n this way
during a number of transplantation passages, the change
1s always towards a tendency to require fewer genes
from the host ammal 1 order to tahe A tumour has
even been seen to become gradually non specific and
to take 1n mice of many different stramns

Whatever may be the explanation of such mcrease
in virulence 1t 1s a fact that the tumour or Jeuhamic
tissue 1 question changes simultaneously with the
increase m virulence for 1t 1s only by a change mn the
tissue itself that the virulence can mcrease Whether
the change 1s genetic or of some other nature, or w hether
1t 1nvolves a change 1n the degree of differentiation, we
do not know for certam, but we do know that the
highly virulent tissue from the later passages 1n a Iine
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negate results, d dred materd i which the cells
had been hilled was mcapable of conveying the disease

The conclusion to be drawn from these and other
experuments 15 that the discase e be trnsmitied only
by luing cells and that no *agent’ can be scprated
from the latter

Turth and kahn (1937) demonstrated that mouse
feuhtmin e1n be transmtted to healthy imnls by mans
of 1 single cell mjected mtrvenously, though they
were successful i only 1 few cases {three out of vty
five mice 1n stran S 2 and two out of thirty two mice
m strun ALL 5)  No trinsmussion was obtauned with
culi free substance  The observation that ganeribised
feukemue changes may appear after moculation with
only one cell 15 mportant, for 1t shows that there 15
nothing, theoretseally, agunst the assumption that the
widesprend changes m the organs, and also the blood
changes, m loubemin are the result of the neophisuc
transformation of 1 single cell ar some plice or other
the body with subsequent dissenunation  The general
1sed changes therefore, need not of themselves sygmify
that there 15 1 neoplasuc trinsformation uniformly
spread through the whole Iymphatic or mycloid system
In spontaneous cases of leuhemia

Lxperiments 1 which 1 tike has been obtuned
with one cell show how carcful onc should he n
assessing transmusstons obtamed with apparently (¢l
free material Turth Seaibold and Kathbone (1913)
and Richter and MacDowell (1933) found that the
number of inoculated cclls and the Iife of the goimind
were m mverse ratio, and that the numbee of celfs
moculated 1nd the pereentage of tdrs wepr b direet
ratio (MacDowell, Taylor wnd Potter, 103

Furth Tuggle 1nd Broedis (1998 nvesiimu 4 piy
ability of matemal ieradiwed with X rays to tinb 5 gl
found that such maten v never nonve ifi Snadighien

“
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features of the pathological cells, others the mter
relationship of the ways n which the various forms of
leukemia express themselves, the factors that control
the spontaneous occurrence of leuksermma have also
been examined so far as 1s posstble

All investigators agree that the various leuhzemic
processes must be regarded as in the nature of a neo
plastic change 1n the blood forming tissues, and that
pure leuhzmias, whether leukaemic or subleukami,
and leuheemas associated with tumour formation—
lymphosarcomata, myelocytomata or chloromata, as
well as myeloblastomata—are different forms of expres
sion of the same neoplastic process, no hard and fast
boundaries can be defined between these different forms

Furth, Seibold and Rathbone (1933) concluded that
the proliferating cells i lymphogenous leuhzmia are
not lymphoblasts but pathological mahgnant Iympho
cytes with hmited power of maturation It 1s similarly
held that the proliferating cells in myelogenous leukzmia
are pathological neoplastic myelocytes (Furth, 19346
1935¢, Barnes and Furth, 1935 36)  Potter also
expressed this opinion as a result of his studies with
the strams of MacDowell, Potter, Victor of a/ (1937)

ATTEMPTS TO DEMONSTRATE A VIRUS IN
MOUSE LEURZEMIA

The question whether a cell free virus capable of
transmutting the disease can be demonstrated for mouse
leukzemia as i the case of fowl leuh@mia, has received
much attention from inyestigators

Richter and MacDowell (1933) tried in many
ways to obtamn takes with cell free material or with
Lilled cells They found however, that no successful
transmmssion of mouse leukaerma could be achieved
with thetr strains unless mtact living cells were employed
Attempts at transmission with filtrates always gave
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theory of the presence of 1 virus i the leukemic cells
under considertion—which moreover 1n the vanous
expeniments came from hmphogenous, mydlogenous
and atyvpical {megaharvocytic) eases of leuhtmii—it ts
not impossible that there 15 noverthedess, 1 virus of
mouse leuherut  \s Lugelbreth Holm and redenh

<en (19,88) pomnted out, the hypothesis that such virus
was, for instance <o labile on oxygeniton that it was
mactnated far more mpidly than the known virus of
foul leuhtmin might explun the fulure to demon

strate 1t af every possibility of ovygeniton dunng the
experiment were not excluded  Working on this
assumption, these authors tried to transmit leuhiemia
from Furth’s strain Akn to young 1mimals of the same
stram, i which cell contuming matenat gave 100
per cent of takes Ammals 1in which leukemin had
developed were hilled with potissium ferricyamde to
mhibit possible oxygenating processes before 1utopsy

which was performed 1 1 closed chimber filled with
nitrogen  The enlarged Iymph nodes were taken out,
minced, and emulsified 1n 1 cystene solutton  The
tissue emulsion was trinsferred to a small closed chamber

which was exhausted so 1s to remove any possible
remnant of oxygen 1n the emulsion and was then filled
with nitrogen  After this the cells were separated off
by repeated centnfuging for long periods 1n a closed
flask filled with nitrogen A lhittle cobalt sulphate was
then added to the clear liquid thus obtamed so that a
cobalt cysteine reduction system was formed  After
1t had stood for a suitable length of time this hqud
was mjected subcutaneously into young anmals of the
same strain  In the course of nine such expenments
the development of typical leuhemia was obtained in
36 out of 179 ammals at a pertod 1n their Ines when
spontaneous leukzma 1s never ordinanly seen, most of
the amimals dying of leuhzerma at the age of 2 4 months
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with 15,000 r, a dose which, as has been mentioned, 15
meffective with the virus of fowl leuheemia Rapd
freezing to —30° C destroyed the ability of the cells to
take i Breedis, Barnes and Furth’s (1937) expen
ments, but the cells can tolerite —70° C if they are
frozen slowly  Breedisand Furth (1938) called attention
to the remarkable fact that matersal frozen slowly retamed
1ts vitality and ability to take for so long a period as
440 days at —70° C

A successful transmission with matersal preserved for
a long time at a low temperature means only that the cells
are still alive, 1t cannot be said to indicate the presence of
a virus  This 1s clear from experiments mn which such
frozen cells were irradiated with X rays in doses (40007)
which do not affect known viruses after which they
were found unable to take Dried tissue, glycermated
tissue and Berhefeld 6ltrates did not produce takes
(Barnes and Furth 1937)

Rask Nielsen (1938) tried to demonstrate a possible
virus m Krebs’s transplintation line of myelogenous
leukamia 1n mice this line, as already mentioned,
was origmally regarded as Iymphogenous but was
reclassified as myelogenous by Rusk Nielsen (1936) and
Kaalund Jorgensen (1936) On the basis of the fact
that pathological cells are destroyed by wrrachation with
doses (5000 10000 r) of X rays which do not destroy
the known viruses Rask Nielsen thought that 1t might
be possible to prove the exstence of such an agent by
moculating freshly irradiated cells, the later would
die some tume after moculation but they mught first
be able to transmut the hypothetical virus to the new
organism About a hundred mice were moculated
mn this way, ten of which were irradiated beforehand
with joo r to fower their resistance  Not a single tahe

was obtamned
Although ~ll these results directly contradict the
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theory of the presence of 1 virus m the Juhume edls
under considerition—which, morcover, 10 the various
expenments cune from {ymphogenous, myclogenous
and atypreal {megahary ocytic) cases of leuh tmii—it 18
not mmpossible the there 15, neverthdess, 1 virus of
mouse leuhemir  As Engelbreth Holm and 1 redernih

sen (tg388) pomted out, the hypothesis that such virus
was, for instanee, so lbile on oxygenation that it was
mactnated far more rapudly than the hnown virus of
fow! leuhemia might explun the fulure to demon

strate 1t, of every possibility of oxygenation during the
experiment were not excluded  Working on this
assumption, these suthors tried to transmit leukemin
from Turth’s strun AlA to young anmmals of the same
strain, 1 which cell contumng matennl gave 100
per cent of takes  Ammals 1n which leuherma had
developed were hilled with potassium ferricyamde to
inhibit possible oxygenating processes before autopsy,
which wis performed n 2 closed chamber filled with
mtrogen The enlarged Iy mph nodes were taken out,
minced and emulsified 1 2 cystene soluton  The
tissue emulston was transferred to a small closed chamber,
which was exhausted so s to remove any possible
remnant of oxygen n the emulsion and was then filled
with mtrogen  After this the cells were separated off
by repeated centrifuging for long periods m a closed
flask filled with nitrogen A little cobalt sulphate was
then added to the dear liquid thus obtuned so that a
cobalt ¢ysteine reduction system was formed  After
1t had stood for a swiable length of nme this hiquid
was mnjected subcutaneously mnto young ammals of the
same strain  In the course of nine such experiments
the development of typical leukzemia was obtained in
36 out of 179 ammals at a period in therr lives when
spontaneous leukzemia 1s never ordinarnly seen, most of
the animals dying of leukeemna at the age of 2 4 months
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Extensive control experiments showed that if care were
not taken to prevent oXygenition no takes resulted, and
that 1t was probable that the hquid mjected was cell free

It thus looked as though cell free transmussion of
the disease had been attuned There may, however,
be another esplanation of these results It mught be
argued that cases of leukaema observed 1n the moculated
animals ought not to be considered as *transmitted
cases’ but as cises of spontineous onign accelerated
by the treatment given to the 1nmals, and thus appear
ing carher thin usual  Although st cannot yet be
explamed how this aceeleraton may take place, other
expertments indicate that the appearance of spontancous
cases of the discase really can be ccelerated *  These
problems will be considured m greater detul m
Chapter VIII

DEVELOPMINT OF LLURAMIA AFTER
TRANSMISSION

It seems clear from the studies of Richter and
MacDowell {1930) and of MacDowell and Richter (r931)
that the lukaimue changes which occur after moculation
with cell contaming matenal are caused by dispersion
and multiphcation of the noculated cells, without the
co operation of the host’s own ussues Henee st 1
evident that if suscepuble animals are moculated with
materi1l from 2 spontaneous case of leuhvmia, the result
mg leuhamas should show the same charactenistics as
theatigtarl case  As has already been mentioned several
nimes, cases of spontincous leukemin vary very con
siderably  Some are leukemic, others aleul-emic,

# MacDowell Potter eral {1939} state that their attempts to demonstsate
the transmussion of mouse leukaxmra with wcelulss miterl extricted m
the presence of the cobalt cystesne reduction system gave negative results
On the other hand i one of ther experiments 1t appetred that the cobilt
alone withaut the tissue extrict mmduced {or accelerated)
This finding howexer, cauld not bie repeatrd

cystene system
the development of leuham
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some hne mfiltritions espeenlly n the liver, others
are charcteniscd by enlrgement of the lymph nodes,
others agun are lymphosircomatous rather than truly
leuhemue  And the cses produced by nocultion do,
n pont of fict, to some extent retun the same features
s those of the disese in the donor amimal  In this
connection, Richter and MacDowell desenibed four
Iines (A, H, I and L), each of which retuned its own
characteristics through 2 Irge number of passages
The white cell picture 1 the blood was diffcrent for the
varous lines, but furly constant for each of them,
leuhemic 1 line I, subleuhemic in H and generally
normal 1n A and £ Ascites was observed in line A,
rarely m H and 1 The extent of infiltrition in the
Iner and hidneys varied i the sime way  Similrly,
Victor and Potter (1933) and Victor and Winterstemner
(1934) found during therr investigations nto the
metabolism of leuk-emic lymph nodes—of which more
details are grven below—that these lines varied also as
regards metabolism, though each was relatively constint
ndiidually

Sumlar differences 1n various lines were reported by
Furth, Seibold and Rathbone (1933) who, however,
noted that the site of inoculation exercised a certain
influence on the distribution of the moculated cells
The morphology of the cells in certamn lines m the
expeniments of these authors, was so characteristic
(vacuoles azurophil granules nuclear form and pattern
size of cell, matunity, etc) that a particular line could
often be 1dentsfied by 1t

MacDowell and Richter (1931) showed that the
genetic constitution of the tissue of such an established
lne was constant, but that variant lines might display
differences  The influence of the genetic factor on
the result of transmission experiments will be further
discussed 1n Chapter V11
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METABOLIC CHANGES IN LEUREMIC TISSUE

It has been mentioned that Victor and Potter (1933)
demonstrated certain metabolic abnormalities 1n tissue
from the leuhaemic lymph nodes of ammals with spon
taneous leuhama belonging to the mbred strain C 58
referred to above They found that the oxygen con
sumption of the leukzemic tissue, as measured directly
m Ringer’s solution with o2 per cent glucose, was
generally higher and never lower than that of corre
spondingnormal tissue  The aerobicglycolysts, measured
by Warburg’s method, was also generally found to be
increased  The anaerobic glycolysis was increased m
every case The results of these first experiments
seemed to be clear and simple, and the authors stated
that the changes in metabolism corresponded to those
found by Warburg in bemgn tumour tissue It was
emphasised, however that nssue could not be recogmsed
as normal, benign, or mahgnant from 1ts oxygen con
sumption and glycolysis alone, since the changes n
question are not specific to the different types of nussue

Later research showed that the position 1s far more
complicated than had at first been supposed ~ Victor and
Winterstemner (1934) found differences i the metabolism
of various lines ongmating from one and the same
spontaneous case and transmitted through genetically
uniform mice The external conditions m which the
leuhzemic cells grow influence their metabolism, and
the conditions under which their metabolism 15 measured
are also of great importance Victor and Potter (1934)
showed that two mbred strains of mice (C 58 and StoLy),
the metabolism of whose normal lymphoid tissues was
closely simular, affected 1noculated leukzemic substance
from two lnes (I and M hner) differently The cells of
line I showed considerably lower rates of aerobic and
anaerobic glycolysis when they grew mn stram StoLa than
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when they grew i strun C 58, wlhile the oxygen con
sumption w1s found to be higher  After a2 few passages
through one strun the leuh emie line concerned was
transferred to the other strun, whercupon the metibolism
becime changed nccordingly  This means, then, that the
genetie constitution of the host can nfluence the
metabolism of the moculated eddls  The experiments
also mdicate that the metabolic changes are due not
to fundimental changes in the cells, but only to ‘2
determining environmental factor '

In 1935 Victor publshed an account of 1 new
constant pressure differenual volumeter by which it
became possible to measure the metbolism 1 pieces
of tissue weighing less than 1 mgm By use of this
apparitus, 1t was shown that the environmenta! condi
tions during the actunl measurement are of great
mmportance  Victor and Potter (1938¢) exanuned cells
of the same line 1 normal serum 1n the serum of 1m
mumised ammals and in the serum of leukzemic amimals
The surprising fact emerged that, while the metabolism
of the cells was the same whether they were examined n
normal serum or n the serum of immunised animals, 1t
was distinctly changed when they were exarmmned in the
serum of leuhzemic ammals  Thus the serum of immune
ammals had no nfluence on the metabolism of line |
whereas leuhzemic serum had a powerful mfluence  The
oxygen consumption of the cells was greater than the
excretion of carbonic acid 1n leukaemic serum while
the contrary was the case in normal serum  Leuhaemic
serum also seemed to mhibit the anaerobic glycolysis
of the cells which was 20 per cent less in leuheemic than
1n normal serum

Subsequent mvestigations by Victor and Potter
(19384) have shown that these differences are due, in
part at least, to the fact that mouse leukzemic serum
has a markedly lower content of sugar (about 70 mgm
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per 100 ¢ em ) thin that normnlly found 1n mice (about
200 mgm per loocem ) Such an enormous difference
must obstously greatly mfluence the metabolism of
cells, 25 metsured by glycolyss and the respiratory
quotient  This discovery led, nmong other things, to
myestigitions into the question whether the adminstra
uon of ghacose to leuhemic mice had any nfluence on
the course of the disease It proved to hve none

In evplwnation of the surprisingly low blood sugar
content of the serum m mice with leuhzmn, Victor and
Potter stated that the leukemic cells, formed rapidly n
enormous numbers, possess the capacity for oudisng
glucose ke normal cells but also show far greater
rates of glycalysts  The i esugations of these wuthors
(1935 @, 6) mto the metibohe conditions tn the tissues of
ammls with spontaneously developing leukem e
of even greater mterest They esamuned the meta
bolism of the Iymph nodes of mce of vartous agesy
some of which belonged to stram C 58 (in which go per
cent of the ammnls develop leuherma) and some to
struns 10 which spontineous leuhmmma 15 rire or does
not occur  In the young anumals (sis to eight weebs
old) some difference was certamly found m the ovygen
consumption, but there was no clear difference m the
nerobic or wnaerobic glycolysis in the strams exammed,
the consumption of ovygen decreased with age m al
the stramns  In the cise of the older wnmmils (s to
ten months old), on the other hand = distnct difference
was found between those from leuhwemic and these
from other steuns the Iy mph nodes of the older wnmals
from strun C 58 showmg higher acrobic and anzerobic
glycolysis than those from the young wmmals, whereas
the glycalssis of the leuhemiz free stramns decreased
with 1ge  In other words, metabolic changes the
direction of malgnancy were found m the lymph .
of anmals of the leuhemic stram as age mererse
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not in the leuhenun free struns  These changes were
demonstrible before morphological signs of mamifest
leuh-emin were observed , the Iatter did not occur unul
about 1 month later

Victor and Potter 1dimitted, however, that, although
mamfest signs of leuh-emia could not at first be found
on microscopic exunmaton, leuhemic cells might
none the less be present in the ussues  This view was
supported by the results of transmission experiments
which were stated tn 1 later report (1938 8) to have been
positine  Anilogous results were reached by kaalund
Jorgensen (1936) who also noted that tissue from
organs histologically free from metastases was capable
of transmitting leuh-emia  These findings could be
explained by the 1ssumed presence even of single cells
which, as Furth has shown are able to transmit the
disease

MacDowell Potter Victor ¢f a/ (1936) stated that,
when the metibolism begins to change in these Iymph
nodes, certain abnormal changes in the reticular cells
can be demonstrated and that these may perhaps
be regarded as the immual cellular manifestation of
leukerms  Such changes are observed not only
the lymph nodes but also in the hiver and spleen  From
this the authors drew the concluston that  the origin of
leukemua 15 not restricted to lymphnodes, 1t may arise
in a wide range of positions and organs ’

As we have said, the moculation of single cells may
gnense asin Furth s experiments to the development
of general leukwmic changes without any apparent
co operation on the part of the host s own cells  Potter
and Richter (1933), as a result of their studies came to
the conclusion that there 1s ne sign of increased pro
duction of the hosts own lymphatic cells after the
moculation of lymphogenous leukeemic tssue By
examimng serial sections made at different intervals after
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moculation they were able to watch how the dispersion
and mfiltration mto the varous organs extended from
the moculited cells, the parucipauion of the host's oun
cells in the development of the leuhamic processes not
bemg observed at any period  Investigations such as
these can be quoted to support the theory that m
spontaneous leubemia 1 locally defined transforma
tion of single cells 1t some pownt i a lymph node
or the bone marrow may be rechoned ns the very
beginning of the disewse, dispersion from these pomts
to other organs bemg regarded 1s a form of metastasis
On the other hand, the observauons of widespread
reticular cell changes, referred to above, ndicate that
st mught just as legiumately be assumed that widespread
systematic formation of cells ;n many organs 1s the
beginning of the disenise

Finally Victor and Potter (19386) investigated the
metabolism of normal fymphatic tissue n wnimals that
had been moculated with leuhzemic tissne  After intra
perstoneal moculation with an emulsion of leuhemic
spleen or lymph node pronounced metabolic chinges
were observed m the lymph nodes before 1t was
possible to demonstrate nfiltration by the cells nocu
lated The 2naerobic glycolysts was decreased, while
the oxygen consumption and the aerobic glycolysis
remawmed unchanged Inoculation of normal splemsc
uissue 1n control experiments was not followed by any
changes in the metabolism of the Iymph nodes

These experiments were performed to throw further
hight on the question of a possible parncipation of the
host orgamism's oun cells n the development of the
teuk@mic process after the moculation of leuhwnuc
material  Previous expersments have shown, as already
mentioned, that there 15 no reason to assume anythmng
of the sort On the contrary it seems clear that all
the changes 1n a transnussion Iine are produced by the
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cells inoculted, which, morcover, retum thur own
charactenistics throughout the passiges  This bemng
50, 1t might be expected that the lymph nodes n 2 host
orgimsm would preserve thur normal metabolism,
even fter the moculton of leuktmme maternd, until
they were mfiltrated by the noculated cells, 1 change
n metabolism would then occur and the ussuc from the
lymph nodcs would therenfter show the mereased acrobie
and anacrobic glycolysis typical of leuk emic ussue
Quite unevpectedly, however 1t was found that the
anaerobic glycolysis of thesc Iymph nodes undoubtedly
decreased during the puriod when there was no trace
of infiltration  After the inoculation of strun C 58
mice with hine 1 ussue, there was 1 fall n the 1nrerobie
glycolysis of 2, per cent on the first duy after mocula
tion, 1nd after mnoculation with hine A ussue 2 fall of
20 per cent on the sccond day after the moculation
Control experiments showed that these changes must be
regarded as 1 specific effect of the leuh-emic matenal

Victor and Potter concluded from these studies that
the inibiting effect on the glycolysis of normal cclls
may be presumed to act apart from the leuh-emic cells
in the mnoculum and that an “inlubitor must circulate
1n the blood and tissue fluds  They expressed the view
that  the inhibitton of the annerobic glycolytic activity
of uninfiltrated 1y mphoid tissuc of mice with transmitted
lymphatic leuh-emia depends on the following factors
(1) speaific response to mdividual transmission lines,
(2) wterval after snoculanon andfor quantity of leuhemic
tissue 1n the host, and (3) a humoral factor which 1s
either a product of leuhzemua cells or the resultant of a
reaction between host and leukema cells

It 15 hardly possible 4s yet to judge the full import
ance of these findings It appears from the experiments
quoted that Light has been thrown on many of the con
ditions affecting the factors on which the development
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of leuhwenya after moculanon with leuhamie matenal
depends , but, though these have been to some extent
explaned, there are still very many obscure pomts
There are also i some of the experiments hmts of
phenomena about the nature and significance of which
we can only guess

QOn the other hand, the numerous experiments
the transoussson of mouse leukema o healthy mice
by moculation with Jeuhamic tssue mahe 1 evident
that there are profound differences between the trans
mitted and the spontaneous disease

The pathological changes 1 the transnucted cases
m all probability depend primanly or entirely upon the
multzphication of cells foregn to the host orgamsm
Whether “leuhamia * occurs afier inoeulauon, how
ever depends just as much on the genetic constitution
of the host as on that of the moculated tissue  The
hereditary factors on which suscepuibiliey depends in
such cases are different from those concerned m the
spontaneous development of leuhamua  The metab
olism of the moculated ussue wilf often be changed on
1ts mtroducton inte the new organssm, but st il sull
retain a large number of sts own charactersues  In
transmission experanents, when the genetit constitution
of the moculated ussue and that of the host are different,
seactions occur wiuch are never met with 1 cases of
spontaneous origan  (§ ot further details see next chapter )

These facts do not however, lessen the great
umpartance of such transaussion experyments for the
very behaviour of the moculated feukemic cells m the
different conditions offered by the nes host has taught
us & great deal about the properues of the cells that ve
could never have learned from the study of spontaneous
cases alone Nevertheless, the ewstence of mportint
differences betueen spontancous and transmuted Jeuh
wmia must alcays be borne clearly mn nund
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Recent mvestigations by Lawrence and others with
radioictne phosphorus (P3*) are of intercst m that
they show the similanty in another respect of leuhemic
cells to those from undisputedly mahgnant tumours
(Iymphosircoma and mammary carcinoma)  Whether
the metibolism of P32 15 1denuicn] with that of normal
phosphorus 1s 1immaterinl from this pont of view, 1s
there 1s 1 strihking difference between normal and
malignant cells, in the manner 1n which they metabolise
P According to Joncs, Chathoff and Lawrence
(1940), the ‘phosphorus activity’ of Iymphoma and
lymphosarcoma wAs 1t least twice that of normal fymph
nodes, while Tuttle, Erf and Lawrence (1941) found
that leuk-emic infiltravon 1n mice of the Strong A
stram inoculited with leukzemc cells, was 1ccompamed
by a remarkable increase in the uptake and retention
of radioactive phosphorus by the nuclecprotem and acid
soluble fractions of the lner, spleen and ly mph nodes
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CHAPTER VI

HEREDITY IN THE SPONTANLOUS
DEVELOPMENT OI' LEUKEMIA

Cases of spontaneous leukema have occasionally been
encountered 1 related antmals—as n related human
beings—a finding which has called attention to the
hereditary aspect of the disease

THE SIGNIFICANCE OF HEREDITY IN FOWL
LEUR/AEMIA

No obsenvations of the kind just mentioned have
been made as regards birds but 1t has been stated n
various quarters (see Chapter I) that fowl leuhzma
occurs with particular frequency in certain breeds ¢ g
White Leghorns Jarmai (1932) tried to approach the
problem experimentally for which purpose he collected
twenty one eggs of hens that had been mjected with
leukeemic virus  Twenty of these eggs hatched out
successfully, but leukserma did not appear i any of
the birds Experiments of this sort however, cannot
really be expected to shed light on the possible mhert
ance of the disease for 1t 15 obvious that the genetic
constitution of the moculated hens can hardly be thought
to be mfluenced by oculation with virus  The study
1n question merely showed that the virus was not trans
mitted to the egg 1n this particular instance

It was mentioned on page 27 that Wall (1938)
thought that he had observed a decrease in the number
of cases of leuheerma 1n some flocks of fowls the leukaemic
birds 1 which were excluded from breeding

2
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THL BIGNIFICANCE OF HEREDITY IN CATTLE
LEURKAMIA

As carly =s 1896 Hartenstem expressed the opinon,
based on lus observation of leulaemia 1n a cow and m
its mother, that lymphogenous lenhmmia mught be
hereditary  Eschhorn (1918) and Share Jones (1927)
reported one case each m which the disease had been
found m a cow and m us daughter Schiper (1038
collected reports of twenty three such cases He re
produced a pedigree m which a cow and a bull, which
had both died of leuhamia, had two calves both affected
with the disease One of the latter, a bull was the
father of three calves all of which died of leuhaemia
Lockau (1933) observed several cases in which the
progeny of leukeemc cows had leukeria  Czymoch
(1938) gave an account of eight cases, one of which
concerned two lenhaemic calves from the same cow
His statement that sixteen out of twenty leubemsc cows
bred m a particalwr distnct were the offspring of one
and the same bull which uself died of Iy mphogenous
leubeemia 15 of special mterest Both Czymoch and
Schaper clain to have observed many cases of leuk
mia n herds 1n which a particolar bull was used
for breedmg purposes the occurrence of the disease
suddenly ceasing on remosval of the bull They
recommend the exclusion of leuhzemic animals and their
progeny and Schaper demands that the grandparents
as well as the parents of a bull be free from lenkzma
1f the ammal 15 to be used for stud purposes

While many cases of leukarma s parent and off
spring bave thus been observed 1t must be remembered
that the disease has a tendency to appear cnzootically
mn cattde This rught, indeed, be regarded as the
resnlt of a hereditary disposiion since many of the
cows 1 a herd are often related but an enzoouc based
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on factors other than heredity could obviously affect
many of the amimnls in a herd

This problem cannot be solved on the data at present
available, 1nd no major nvestigations ammed at eluct
dating the matter are yet forthcomng Meanwhile,
however, modern research on the undoubted heredity of
mouse leuhzemia leads to the furly obvious assumption
that a hereditary disposition m1y also be of significance
in the leuh-emias of other ammnls, including man

THE SIGNIFICANCE Or HEREDITY IN MOUSE
LEUKRALMIA

The hereditary aspect of mouse leuhzerma has been
studied 1 many quarters, but the experiments carried
out by MacDowell Richter and their co workers to
elucidate this v olved problem are outstanding

Dobrovolskaia  Zavadskata (19326) worhed with
various strains of mice and noted that far more cases of
leukzemia and related diseases, such as lymphosarcoma
occurred 1n one of these stramns (I1I) than in four others
Fifteen out of sixty seven males and fourteen out of
seventy six females of strain III developed leukamra,
whereas the disease was observed mn only a small per
centage of the animals of the other stramns  The author
thought that this difference could hardly be explaned
in any other way than by assuming that 1t was caused
by a hereditary disposition

Slye (1931) maintaned a large colony of mice, and
leukzmia appeared 1n many of the strans all of which
were cancerous  she also mentioned other strains which
were quite free from leukeerma  As a result of her
studies she felt justified i concluding that leuk
®mia, ike other neoplastic diseases 1s inhented as a
simple Mendelian recessive whereas the non malignant
property 1s mherited as a simple Mendehan dominant
MacDowell (1935) and Richter and MacDowell (1935)
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reviewed Slye's statements, and were of opimion that her
conclusion could not fairly be drawn from the matenal
she employed, more especially since the results of cross
breeding had not been examined and only a small
part of the total number of Ammals nas included m the
report  Finally, 1t would appear from Slyes paper
that the somatic condition of the mice, 1¢ whether the
ammal had leuh@mia or not, was always taken as an
expression of 1ts genetc consttution  This 15 not always
s0, as will appear from what follows
The first defimte wnformanon about conditions
determining the inheritance of leukeerma 1n rmce became
available when the experiments on MacDowell’s stram
C 58 were published (MacDouell and Richter, 1935)
It has already been mentioned that from the exght
eenth generation of brother sister matings go per cent
of the amumals mn this stram had leuherma, very largely
of the lymphogenous type Actually, 450 out of 543
cases were lymphogenous (19 being lymphosarcomata)
& were myelogenous and the remainder doubtful (53
probably lymphatic and 3 probably myelod?)
The ammals m this strain were considered to be almost
identical genetically as regards the development of
leukeernn  That 10 per cent of them did not develop
leuhemia does not mean that their genetic constitution
was different from that of the go per cent, for the pro
geny of the 10 per cent of non leukemic anmals
developed leukzmia just as frequently as the progeny
of the go per cent of leukemic anmmals The failure
to develop leuheemia 1n the 10 per cent must therefore
be attributed to the presence or absence of extrinsic
non hereditary  factors  This provides a beaunful
Hustranon of the theory that mamfest Jeuheemia mn
an ammal may be and in most cases certamly 15
due to co operation between mtnnsic genete factors
and extrinsic nen hereduary factors  In certam cases
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the hereditary factor may be so predomunant that
leuh-emin can be developed with the aid of httle or no
external influence, 1s in strun C §8  On the other hand,
extrnsic factors—as yet unhnown—may perhaps mn
certun hy pothetical cases be supposed to cause leuhzrma
without the co operation of hereditary predisposition

This m1y be assumed to have occurred 1n another
of MacDowell and Richter’s (1935) struns—Stola
Only 1 3 per cent of cases of leukzerin appeared 1n
this stran from the fourteenth to the twenty minth
generation of brother sister matngs The stran 1n
question 1s further disuinguished by s very high
mctdence of mammary carcinoma which 1s only very
rarely seen mn stran C 58

EXTRA CHROMOSOMAL HEREDITY IN MOUSE
LEURAMIA

Expermmental cross breedings were now established
between the two strains C58 and StoL: Since both
strains were considered to be genetically homogeneous
as regards the occurrence of leukzemia, the descendent
F, generation must also be assumed to be genetically
homogeneous 1n this respect An interesting feature
now appeared—in that the frequency of leuh-emia m
F,; depended on whether C 58 males were crossed with
StoLt females or cice cerse  In the former case 42 5
per cent of 106 ammals developed leuhzmia whereas
the offspring of C 58 females and StoLi1 males dev eloped
leuhzermia 1 619 per cent ze 19 4 per cent more
This difference 15 statistically significant (4 sxP E)

The experiment shows firstly that the non hered
tary factors play a relatively greater part in the mam
festation of leuh@ma m F, than m stramn C38 It
also demonstrates that ‘ leuhemic’ or ‘ non leuhzemic ’
need not be a direct expression of an amimals genetic
constitution  Secondly 1t shows very remarhably that



134 LEURZMIA IN ANIMALS

among the non chromosomal mfluences which co
operate 1 determunmg whether leukemia deselops or
not, a principal factor seems to be transmuited from the
mother to the offspring  Since the percentage of cases
of leukama 15 approumately the same for the twe
sexes in F,, there can be no question of sex hnhage

Back crossing from F, to StoLa showed the followmg
features  When T, females were crossed with Stola
males, 46 5 per cent of the offspring developed leuhemia,
whereas only 19 8 per cent of the progeny of Fy males
and StoLi femalesdeveloped leuhzemia—another mstance
of the maternal non chromosomal influence

That the anmmals m I, were genetically homo
geneous was apparent from the fact that ther off
spring deseloped leulzemia m the same percentage
whether the F, parent was leukaenic or not

From these experiments MacDowell and Richter
concluded that ¢ the predisposstion to leulemia and
related diseases 1 mice of stram C 58 15 speutcally
hentable  The state of affars m Iy tndicates that the
genetic difference between stram C 38 and stram Stols
1s not a smgle recessive Mendelian gene as assumed by
Slye The frequency of leukemia m Fy and 1n the
bach crossings ‘18 roughly correlated with the propor
uon of total heredity from sramn C 58  Non chromo
somal variables play a role that grows mcreasmngly
important as the proportion of total leuhemic hereduy
s reduced ©  Among the non chromosomal influences
an important one 1s transmitted by the mother It isnot
posstble from these experiments to establish any definite
rules of heredity for the disease

1t 1s not clear how the extra chromosomal ‘ heredity
that 1s transmitted from the mother to the offspring 1%
10 be understood MacDowell and Richter were most
nchined to assume that there 1s a ‘cytoplasm heredity
They evammed the possble explanauion that the
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mother’s mulk might be of mfluence, but concluded that
1t could not, since mice of strun C 58 which were nursed
by mothers of non leuhzmic struns des eloped leuhemia
to the same extent as other C 58 mice, and Stol:
mice did not develop leuheemia after bemg nursed
by C 58 mothers These experiments, however, 1re
discussed only briefly  Sirmlar (unpublished) exper:
ments were carried out by Frederthsen and Engelbreth
Holm, who ¢xammned mice of Turth’s strain Aka which
were nursed by mothers from 1 strun in which leukemia
did not occur, but i which cases of breast cancer
were seen  About 50 per cent of the animals so nursed
that ttained the age of eight months (sixty ammals)
developed leuhzerma which 1s not appreciably different
from the percentage m Akr mice of the same genera
nions nursed by Aka mothers In addition, mammary
carcinoma occurred m seven of these sixty ammals—
a remarhable finding, since this disease 1s observed only
very rarely n stran Aka  No case of leuh-emia was
observed i the mice of the non leukhzemic strain which
were nursed by Aka mothers

In MacDowell and Richter s expertmental crossings
with stramns C §8 and Stol1 a corresponding non
chromosomal maternal mfluence on the development of
mammary carcinoma was found 1in Fy, the daughters
of StoLi mothers developing breast cancer far more
frequently than the daughters of C 58 mothers The
difference was 39 7 per cent which was stated to be
7 7 tmes the probable error

Recent research on the subject of mammary carci
noma has shown the very mmportant role of mother’s
mulk in the development of this form of tumour (see
for example Bittner, 19,94) Thus Hagedoorn and
Hagedoorn (1937) observed that whereas 83 2 per cent
of the females nursed by mothers of the same stramn
developed mammary carcinoma, only 4 9 per cent of
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the females of the same strain developed this disease 1f
they were nursed by females of another stram To
this 1t can now be added that such a change m the
frequency of carcinoma 1n 2 stramn may occur suddenly
MacDowell and Richter (1935) observed that the
frequency of mammary carcmoma i stram StoLi
suddenly fell at the nineteenth generation from 50 6 to
4 7 per cent That a fact of this sort cannot, per se,
explain observations such as the Hagedoorns’ appears
from Bittner s (19392) experiments Mammary cancer
occurred m only 7 4 per cent of 95 amimals which
themselves belonged to an inbred stran (A) i which
83 6 per cent of 1093 amimals developed mammary
carcmoma, but which had been nursed by mothers
belonging to a stramn with a low mcidence of tumours
(stram C 357 black and CBA)  Further breeding
revealed the remarkable fact that cancer developed m
66 2 per cent of the offspring of females which, m
spite of nursing by non cancerous mothers, had
developed mammary cancer, as compared with only
9 8 per cent of the offspring of females which, after
nursing by non cancerous mothers, proved to be free
from cancer A number of exceptions to this rule had,
however, been observed The experiments were carrted
further analogous ‘nursing expeniments’ being per
formed with hybrids between strain A (cancerous) and
strain B (C 57 black, low cancerous) Here, too the
extra chromosomal maternal factor was very evident
as can be seen from Fig 37

From these and other experiments there can be no
doubt of the ewstence of a *breast cancer producing
influence’ which 1s transmutted through the mulk of
cancerous mothers, but, as Bittner says, 'The nature
of this  nfluence *—hormone, chemical, or virus—has

not been determuned ,
Carcinoma of the lung also occurred i Bittner’s
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strain, but 1ts frequency was not affected 1n the expert
ments, by nursing by different mothers  Buttner’s work
has been discussed n detul, in order to illustrate the
difficulties which may be encountered in mvestigating
hereditary factors in mice

Certain experiments have clearly shown a maternal
non chromosomal heredity * in leuksermia, but 1t has
been demonstrated from two quarters that this feature

A% Bs B# Ad
84sccm
ABFy BAF,
nursed by Ag nursed by B$ | nursed by Bg nursed byAg
95, ¢m Opecm Bpecm 93pecm
ABF, BAF,
Blpeem 7pccm
FIG 37 —Extrach 1 factors m 1nh of

mamma  Breast cancer percentages (cm) mn control and fostered
reciprocal Fy hybnds and Fy generation muice (Redrawn from Bittner
(1939) 1mer Journ Cancer xxxv 95)

cannot be explamed by influence through the mother s
mulk which 1n one of the strains concerned, has a distinct
mfluence on the development of mammary carcinoma
It would thus seem that we are faced with two
different sorts of maternal non chromosomal influences
on the offspring one through the mother s milk (mam
mary cancer) and another possibly ‘cytoplasmic
heredity which mfluences the development of leuhzemia
Neither of these two modes of mfluence has yet been
explained It has already been indicated that Richter and
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MacDowell’s experiments did not permit a clear defint
tion of the process of heredity as regards leuhzemia 1n
mice It can only be sard that leuhzmia 1s not inherited
as a simple recessive Mendelian gene

Lattle, Murray and Cloudman (1939) v estigated the
conditions of heredity affecting the occurrence of non
epithelial tumours m strams C 57 and dba—altogether
2247 ammmals  Strain Cs57 had a relatively low
meidence of tumours, only 64 non epithelial tumours
(and 10 epithehal), of which 37 were °lympho
blastomata ’, beng observed among 568 ammals
The diute brown (dba) was a high breast tumour
stramn, with about 50 per cent ramimary c¢arcinomata
and only a small number of tumours of other
sorts, of the few non epithehal tumours observed,
over 8o per cent were leuhemic When these two
strains were crossed the distribution of non epithehal
tumour formations (ze¢ principally leukamias) among
the hybrids was exarmined It was clearly shown that
the rules for the inheritance of non epithelial tumours
are different from those for mammary carcinoma It
would appear, however, from these studies that there
‘ might be a maternal or extrachromosomal influence
which affected the relative non epithelal tumor formmg
potentialities of various tissues or organ systems

As 1n Richter and MacDowell’s expermments 1t 1s
impossible to explain the mhentance according to sumple
Mendelan rules  If a type of Mendelism 1s mvolved,
1t includes muluple factors and a marked nfluence of
the environment Thus the heredity of mouse leuk
xzma has not yet been elucidated, but 1t 1s agreed
that inherited factors play an important and in certamn
inbred strams a decistve, part  Furthermore, extrinsic,
non nherited factors are also important, and among
these the factors that are transmutted through the
mother as non chromosomal nfluences are of particular
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mnterest  Tmally, the acuon of external mflucnees on
the ammals, 2s will be discussed more fully m 1
later chapter, 15 sometimes deaisive and leads to the
development of leuhemiy n not 1 few mice of strains
m which only 1 very few cises occur spontancously (sce
Chapter 1X)

It has been ponted out by Gorer (19374, 6) that
vartous strams of mice differ genetieally in their resistance
to the mulk borne agent of mammary cncer  Butner
has analysed tins problem, 1nd thinks it Iikcly that the
difference n tesistance between the A (high cancer)
and C 57 (low cincer) struns 1s determined by 1 single
gene, susceptibility bemng dominant (Bittner, 1939, 1940)

A large number of facts become explicable 1if the
extra chromosomnl gent be regarded 7s 2 virus  The
sudden change 1 the mammary tumour mcidence of the
StoLt stramn, mentioned above, might be due to varn
tion of a virus It 1s known that the effect of breeding
upon tumour imncidence varies greatly from strun to
strain, m some struns virgin females are almost free
from mammary tumours, whilst the incidence in breeders
1s gh, 1 others there 1s httle difference between virgins
and breeders It has always been difficult to ewplan
this fact along purely genetic lines, and here again the
difference might be due to variations betw een the viruses
carried by different stramns

In the case of leukemn there does not appear to
be any agent transmitted n the milh  This 15 not
surprising on the hypothesis that the causatuve agent
of mouse leuhzemia 1s a virus, for whereas a virus
stmulating mammary tumour formation must gam
access to the mammary gland and 1its presence 1n the
milk 15 not unexpected, mn a disease Iihe leukeemra
different conditions would prevail and the agent might

be transmitted through the placenta and be unable to
survive m mammaq tissue
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THE SIGNIFICANCE O HEREDITY IN
TRANSMITTED MOUSE LEUKAEMIA

MacDowerr, Richter and therr co workers carried out
sery comprehensive nvestigations mto the nfluence
of hereditary factors on susceptthility to noculated
leuhaemic material

Whether a mouse will prove susceptible to mocula
ton with leuhzrmce matenal depends on the relation
between the genetic constitution of the mouse and that
of the matenal moculated The matenal used for
moculation n MacDowell and Richter’s (1930) studies
was kept constant, z¢ ussue from a single lne was
used in all the experiments The moculation of over
rzoo animals of the mbred stram C 58 produced 100
per cent of takes of lne I (see also MacDowell 1936}
whereas the moculation of stram StoL: did not produce
a take i any ammal The amimals of F, generation,
a cross between C 58 and Stolt provided 100 per cent
of takes (77 ammals) (Fig 38) There were takes 1
79 5 per cent of the amtmals m F, Back crossmg from
Fy to the suscepuble stran C 38 produced anumals that
were 100 per cent susceptible  and back crossing from
¥y 1o stram Stol resulted i animals that were 48 2 per
cent susceptible  The geneuc experyment showed that,
m a purely statistical sense there was no signthcant
deviation from the expectation if only one gene were
concerned  Careful analysis showed however, that this
explanation was insufficent  The authors therefore
concluded that while a smgle gene 15 of primary
mmportance 1 determsmng  susceptibility, subsidiary

10
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factors must also be mvolved, smee certun indiniduals
carrymng the particulir gene may oceasionally survive,
while, on the other hand, 1 fuw animals succumb m
s tbsence  This somewhat puzzimg findng my be
expluned along the lines 1ds ocated by Gorer (sce p 154
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FI¢ 38 —Inhentance of susceptibility to inocultion of mice of struns € 58
and StoLs with leukemuc cells of hine I There 1s evidence that the
susceptible and non susceptible strains of host differ by one parr of
Mendehan genes with dommance of susceptibthity (Redrawn from
MacDowell (1936) Amer Journ Cancer xxvt 89)

and Gorer 1941) If the possibility of ehciting an
1mmune response be determined by 1s0 antigenic factors
present mn the noculated cells but absent from the host
1t would appear that line I leukeemic cells contain one
powerful antigen and perhaps one or two other factors
that are poor antigens The fact that not all 1so
antigenic factors are equally potent 1s stressed by Gorer
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THE SIGNIFICANCE OF HEREDITY IN
TRANSMITTED MOUSE LEUKAMIA

MacDoweLL, Richter and their co worhers carried out
very comprehensive nvestigations into the mfluence
of hereditiry factors on susceptibility to inoculated
leukzemic matenal

Whether a mouse will prove susceptible to 1nocula
tion with leuhezenic matenal depends on the relation
between the genetic constitution of the mouse and that
of the material moculyited The materal used for
moculation 1n MacDowell and Richter’s (1930) studies
was kept constant, ze nssue from a single line was
used 1n all the experiments The inoculation of over
1200 ammmals of the inbred stramn C 58 produced 100
per cent of takes of line I (see also MacDowell, 1936),
whereas the moculation of strain Stoli did not produce
a take m any amimal The anmmals of F; generation,
a cross between C 38 and StoLi, provided 100 per cent
of takes (177 amimals) (Fig 38) There were tahes 1n
79 5 per cent of the animals mn I, Back crossing from
T, to the susceptible strain C 58 produced animals that
were 100 per cent susceptible, and bach crossing from
F, to stramn StoLu resulted in animals that were 48 2 per
cent susceptible The genetic expertment showed that,
i a purely statistical sense, there was no sigmficant
deviation from the expectation 1if only one gene were
concerned  Careful analysis showed, however, that this
explanation was msufficient  The authors therefore
concluded that, while a single gene 1s of primary
importance n determming _susceptibility, subsidiary

0
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cases Susceptibility to the leuk-emias that had occurred
in the I, and F, generations was also investigated
The behaviour of these leuhemias i transmussion
experiments was the same as that of Ak leuk-emias

The expenments showed that suscepuibility 1s n-
herited as a dominant character but 1t was not possible
to decide from this matenal whether one or tv o dominant
genes are responsible for the suscepubility

The course and duration of the disease were not
affected by the genetic constitution of the host  More-
over the expenments provide clear evidence that there
1s no question of a susceptibihity to transplanted leuk
@mia mn general as suscepubility to AL leulemia
and to Rf leuhemia are two entirely different inhented
factors which are not allelomorphic  Schweitzer and
Furth claim that the hereditary factors which determine
susceptibility to transplanted leuhzma are different from
those which determme whether the transplantation of
normal tissue will be successful but thewr arguments
on this point are not whelly convincing

The expennments just quoted show indisputably that
hereditary factors play an important part in the susceptt
bility of the mouse to woculation with leuhzemic ussue
but the mechanism of the hereditary process can be clearly
_ defined only as regards an moculum of a gnen hne
since the genetic constitution of the tissue mnoculated 1s
also one of the factors that decide whether a take will
result  Mice of an inbred stramn that 1s susceptible to
moculation with tissue from one line may thus quite
well be resistant to leuhzemuc tissue from another line

IMMUNITY REACTIONS TO TRANSMISSION AND
THEIR DEPENDENCE O\ HEREDITY
It has already been mentoned that immumity
reactions may develop tn the host when mice are inocu-
lated with leuhzemic material  The occurrence of these
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Under favourable conditions the substdinry antigens of
lne T may stimulate 2 successful defcnce n animals
unable to respond to the main 1ntigen, by reason of its
presence n ther normal ussues  Other ammals
apparently ful to respond to the mam antigen n the
absence of the subsidiary antigens

Other experiments (Richter and MacDowell, 1935)
were less definttve, moculation with tissue from nother
line (A) into mice of the sime stram and its hybrids
giving results which might be taken to indicate that more
than one gine (presumably from two to seven) decides
susceptibihty  Thus, on the one hand, the co operation
of several hereditary characters must be rechoned with,
and on the other, extrmsic factors may, i certain
circumstances, pliy a part and make the picture con
siderably more obscure

Schweitzer and Turth (1939) performed sumlar
experiments with other strains  They worked with two
strains—Ak, i which about 70 per cent of the anumals
developed lymphogenous leuk.emia spontancously, and
Rf, 1n which only 1 or 2 per cent developed leuhznua,
of a myelogenous or monocytic type  Susceptibility
to mocultted materinl from spontancous cases of leuk
emia 1n these two strains was examuned, partly m
animals of the two stramns and partly in ammals of I,
(cross mating Ahx Rf), F; and I, and also 1n animals
bred by back crossing Ty and strain Ak or Rf

Taken as a whole, the results confirm those of
MacDowell and Richter mentioned above, the tissue from
the lines emanating from strun Ak producing 100 per
cent of transmisstions in Ak and Ty, butnotm Rf  The
Iines from Rf produced 100 per cent of transmissions 1n R
and Iy, butnot it AL The Iines from AL produced 100
per cent of transmissions in back crosses I'y x Ak Back
crosses Ty x Rf produced 1nimals in which lines from Ak
took farrly well and hincs from Rf in 100 per cent of the
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MacDowell, Taylor and Potter (1934) moculated
mice of stran C 58 with leuhemic tissue from therr
Ime I and obtuned 100 per cent of tahes 1n 2925 1mmels
The amount of tissuc usually employed for mnoculation
contuned about 8o mullion cells  If fewer cells were
used the course of the diseise was prolonged, while
noculation with less than 200 cells fuled to produce 2
take It appeared that ammnls which survived inocula
tion with such small doses were resistant to larger doses,
and 1t was found possible to immunise 114 mice by
means of repeited 1noculations with increasing quantities
of cells so that they survived the ordinary ‘standard
moculation * of about 8o million cells

This observation gave nise to a larger sertes of
mvestigattons, which have yielded most 1nteresung
results

MacDowell, Potter and Victor (1935) showed that
the immumsation obtained was not specific to the com
bination line I—strain C 58 emplayed, but could be
reproduced with other strans and lines  These expen
ments, moreover presented the apparent paradox that
2t 15 possible to wmmunise aganst a highly virnlent hne
but not against one whick 1s less virulent, and also that
12 15 only possible to wmmunise aganst material that has
wundergone seceral passages Thus 1t was found that
mice immumsed aganst a highly virulent hine produced
50 per cent of takes when noculated with tissue from
a less virulent line  These features will be more fully
discussed later

Potter and Findley (1935) mvestigated histologically
the fate of leuhzemic cells noculated into immumsed
ammals They showed that 1mmediately after inocula
tion the cells grow as in non immunised ammals, though
considerably moreslowly This s indicated, forinstance
by the fact that only from o 3 to 1 per cent of the cells
are found 1n a state of mutotic division as aganst from

X
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reactions s very closely connected with the refation
of the genetic constitution of the ussue moculated to
that of the ammal receving 1t These features will be
discussed 1n the present section

One extreme of the senes of results obtanable
such transmission expermments 1s represented by the
moculation of ussue from an anmmal belonging to an
mbred stramn, ¢ g stram C 58, smto other ammals of the
same strain, with 100 per cent of takes, indicatng that
there 15 no essenual genenc difference between the
tissue moculated and that of the host The other
extreme 15 represented by expersmems ammed at
moculating rats with mouse leukemic tissue, this has
not as yet been successful, because, among other reasons,
antibodies are developed i the rat agamst the genetc
ally foreign tissue imoculated, which sooner or later
dies  In this case, hosever, it may be presumed that
factors other than purely mmmunisatory co operate
Between these extremes there aze the attempts to trans
mt mouse leukarma to nuce whose genenic constitution
15 different from that of the tssue moculated The
result of these transmussions wall depend on the differ
ence bewsween the genene constitutions It has already
been mentgned (Clemmesen, 1938) that resistance can
be lowered by wradiating the amimals before imoculation,
the smmumsatton processes being retarded so that a tahe
1s attamed m spite of the usual difficutties It has alse
been mentioned that the heterologous transplantanon of
mouse Jeuhserma into rats may be attamed m this way

1t 15 now known that immumsation can occur even
when leuha@mic sissue 15 moculated mto muce of the
same stram, which would appear to mean that there 5
no complete genetic wdenuty m different ansmals, even
m those of a stran that has long been mbred It must
be borne m nund, howeser, that no strawn of anumals &
ever more than approxmmately pure {(Haldane 1936)
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gven mjections of normal C 58 splenic tissue 1l died
after the mnoculation of leuhwme vssue  This question
has not yet been submtted to further inyestgation, 1nd
the nature of the ‘ passive immunity ’ obtuned m such
expertments 1s difficult to understnd

IMMUNISATION AGAINST MOUSE LEUREMIA
WITH CMBRYONIC TISSUL

Bestdes producing immumsation by treatment with
increasing doses of leukzemic cells, MacDowell, Taylor
and Potter (1935) succeeded 1 immumnising mice 1gainst
feuhzerme tissue by the myection of normal living
embryomic tissue from other struns The immumty
thus obtained however, was sud in later experiments to
have displayed essential differences from the immumity
given by leuhzemic cells  The first attempt was made
with mice of strain C 58, these, as has been mentioned
several times, are 100 per cent susceptible to Jeuhemic
ussue from lLine I, aganst which strain StoL: 1s more
resistant (in later passages of line I the tissue took mn
about 50 per cent of the cases) By mnjecting C 58 muce
intraperitoneally with a suspension of StoL: embryos
minced 1n 0 5 ccm saline per embryo, immunity was
obtamed This was evident from the fact that mocula
tion with leukemic ussue (line I) 1n the usual way six
to mne days later produced no takes in g3 muce, whereas
104 control mice all died Treatment of 75 amimals
with C 58 embryos did not have a similar effect, as
was also to be expected On the other hand, hybnd
embryos from C 38 mothers by StoLi fathers were
able to immunise mice  The results of these vanous
experiments clearly illustrate the dependence of the
mmmunity upon the genetic relation between the
mmmurnised ammals and the embryos by means of
which the immunity was produced Immunisation of
about half the ammals used was obtamned n other
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4 10 9 per cent 1n tissue moculated nto non immunised
mice In the course of the first few days degeneratve
changes occur n the peripheral cells of the transplant
These changes extend rapidly and soon convert all the
mnoculated tissue mto chromophilic debris At this
pomt phagocytes appear which remove the debris
fairly rapidly  Not until after this process 15 complete
are lymphocytes from the host seen 1n the connectne
tissue where the inoculated tissue had been, and they
soon disappear At the end of six or seven days no
trace of the inoculum remains The host’s lympho
cytes do not, therefore, play so important a part i the
destruction of the inoculated tissue as has been supposed
by many authors Clemmesen’s experiments (19,8)
with other tumours 1n hetero transplantations led him
to the same conclusion, namely, that the lymphocytes
of the host are of minor mmportance m the destruction
of tumour tissue mmplanted into immune ammals The
cells so implanted seem to die and disappear before
any cellular reaction in the host sets ;n  How else
the destruction of the implanted cells 1s to be
explamed has not yet been shown No harmful action
of the serum from 1mmune amimals on the tumour cells
against which they are ‘immune’ has been demon
strated (MacDowell Potter and Victor, 1935) It 1s
also a fact that tamour cells can be cultwvated 2z 2270
m immune plasma

The 1mmunity to leukzemic tissue which 1s obtamed
by the methods described above can be transmitted
passwvely from the immune ammals to other mice by
the subcutaneous myection of 0 1 ¢ cm of minced splenic
or liver tissue  Potter, Taylor and MacDowell (1938)
treated thirty one mice of stram C 58 in this way, and
three days later moculated tissue from Ine I (standard
dose) None of the animals developed leuhaema
Sxteen untreated ammals and seventeen that had been
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which have not been published in detal—that two factors
are operaing  The resistaince on the third day s
regarded as 1 direct effect of the embryonie tissue or 1ts
decomposition products on the mnoculted cells  The
later resistance 1s then the true ‘ immumty * nduced by
the embryonic tissue  There seem, indeed, to be three
distinct processes thit can prevent a tihe  ‘the third
day action’ of embryonic tissue, the lter (temporary)
immunity induced by embryonic tissue, which, agam, 1s
clearly different from the third process—the permanent
unmumty conferred by leuh-erme cells 1 increasing
doses

Although these findings are still somewhnt obscure,
they have been discussed in detul because other attempts
to immunise with embryonic tissue have given remarh
able results

After moculition with leukerme tissue the usual
picture of generahsed leuhzmuc changes in the Iner,
lymph nodes, spleen, etc, was rarely observed in the
mice treated with embryonic tissue, though localised sub
cutaneous lymphosarcomata occurred These tumours
were observed m 101 ammals Some of them were
single, some multiple, and in some cases they were
found to be combined with generalised changes From
the fact that further transmission from 31 of these cases
to untreated amimals produced leuh-emic changes of
the usual type 1t appears that the same morbid process
1s mvolved as 15 usual in the Ime employed The
changed nature of the cells was retamed only in one
case the altered form of expression appearing repeatedly
m five passages ‘The authors conclude from these
experiments that the lymphosarcomata observed should
be regarded as ‘parnally suppressed leuheerma’ and
that the embryo treatment does not confer the capacity
to destroy inoculated leuhaemic tissue (as in the im-
munity given by leuhemic cells), but only to suppress
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experiments (MacDowell, Potter and Victor, 1935) m
which different embryos were employed In the
evperiments first quoted there was an apparent corre-
latton between the immumsing power of inoculated
embryonic tissue and the natural resistance of the
animal supplying it Experiments with hybrid embryos,
however, showed this to be fallacious, and that the
results depended only on the ability of the tssue to
stimulate an 1mmune response 1n the animal recerving it

The immunity induced by the injection of embryonic
suspenstons shows many differences from that obtained
by treatment with leukeemic cells  The latter, as men
tioned above, can be transmitted passively to other
mice, whereas the former could not (Potter, Taylor and
MacDowell, 1938) It has also been mentioned that cells
moculated mnto animals which have been immunised with
leuhzemic tissue at first multiply a little, though slowly,
after which they die and are resorbed Such mual
growth of the inoculated tissue cannot be demonstrated
1 muice that have been immumnsed with embryos  But
the differences between the two methods of 1mmumsa
tion appear stll more striking when the duration
and strength of the immunity obtamned are compared
(MacDowell Potter, Victor, Taylor ¢f 2/, 1936) While
the immumty given by leukzermic cells 1s permanent, that
from treatment with embryonic tissue 1s temporary and
variable It was found for example, that on noculating
embryo immunised mice with leuksemic tissue at various
periods after treatment lttle or no immunity could be
demonstrated for the first two days By the third day
all the mice were resistant, but on the fourth partial
resistance only could be traced  After this the immunity
increased evenly for three weeks Two months later 1t
duninished agamn Immumty has not been attamed

by using dead embryonic tissue
The authors conclude from these experiments—
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ussue nine died from leuh-emin before the first untreated
one died Trewment with embryonic tissue thus
showed this most remarhible effect—zthe growth of
shghtly tirulent cells (from spontancous cases) uas
acceleratod, while the growth of lighly virulent cells (from
long transplanted lines) was restricted, 1n some cases
completely (MacDawell, Potter, Victor, Taylor ef al,
1937) In conformuty with this, MacDovell, Potter and
Taylor (1937) found that treatment with embryontc
tissue, 1n the form of monthly 1njections nto animals of
the inbred leuhamic strain, resulted 1n an acceleration
of the spontancously developed disease Whereas go
per cent of the untreated vmmals of the same stramn
developed leukaemia, all of the sixty ammals treated
with embryonic tissue died of that disease at a rather
younger age than the controls

These results show how vast 2 difference there 1s
between the cells 1n spontaneous cases and those 1n the
long transplanted cases  Their interpretation rases
important issues It 15 possible that they are to be
explamed by the fact that no stram of ammals 15 ever
more than approximately pure On the other hand 1t
1s difficult to imnterpret the finding that the progress of
the noculated disease in earlier passages 1s accelerated
by a process which induces immunity 1n later passages
MacDowell ez a/ do not accept the explanation that
mability to obtain immunity during the earlier passages
1s due to a failure to rmmumise the amimal agamst cells
of 1ts own genetic constitution, and that success in later
passages 15 due to the selection of a ghly virulent and
atypical type of cell

POTTER S THEORY

Potter (MacDowell Potter Victor Taylor ef a/,
1937) attempted to explam the findings just mentioned
upon the following hnes From the observation that,
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the leukemic cells to a greater or less extent—a
suppression  which 15 generally temporary but may
be permanent

THE EFFECTS OF IMMUNISATION ON THE
DEVELOPMENT OF LEUKEMIA

In the experiments already quoted, constant host
anunals {C 38) and inoculated tissue (hne I} were used
and the geneuc constitution of the embryomic tissue
used was varied In other expeniments the moculated
leukamic cells were vaned, ussue from various hines or
from dafferent passages 1n a single line being used, the
bost and the embryonie tissue used for immumsation re
mamung constant It was found that a given treatment
with embryonic tissue which immumsed mice agamst
ussue from the later pagsages of a lme showing great
virulence, was considerably less effectrve agamst i
oculation with tissue from the same hne's first passages
or with tissue taken direct from a spontaneous case,
which, 1n ordiary transmission experiments, proved to
be far less virulent than tissue from the hne’s latest
passages Takes are obtamed m all untreated mice by
moculation with tissue from spontanesus cases and from
fate passages of a hne, but the disease develops more
slowly m the former case  When the animals are treated
with embryonic ussue the leuhzemic tissue from spon
taneous cases takes constantly, whereas the highly
virulent, long transplanted cells no longer twhe It
was also found that the cells from such spontaneous
cases as showed specially shght virnlence m control
experiments grew more rapudly m animals treated
with embryomie tissue than mn the control ammals
Untreated mce died on the average, 41 days after
inoculaton with ‘ spontaneous ' cells whereas those
treated with embryonic tissue died as early as 32 days

after 1t Of nenty animals treated with embryonie
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resulted 1 1 more rapid nd frequent development
of spontaneous leukemia 1n these amimals than n
untreated amimals of the same strain, are remniscent
of Engelbreth Holm 1nd Frederiksen’s (19388) expent
ments, 1n which a very stmilar result was attained by the
njection of tissue from Jeuhzemic lymph nodes (p 115)
It 15 stll not possible to express an opinion as to whether
there 15 ny question 1n these two experiments of an
anlogous or umiform process  Such process, according
to Potter s theory, should consist 1n an ability of the
injected embryome tissue or extract of tumour tissue
to whibit differentiation of the tissues which i these
struns tend to undergo malignant conversion, and
thereby to promote the manifestation of the disease since
mhibition of the differentiation would mean an increase
1 malignancy

It seems not improbable that two different processes
are mnvolved mn the experiments of MacDowell Potter
Taylor ef &/, and that these two processes now and
then occur simultaneously i the experiments thereby
mahing the picture more difficult to interpret The one
would be an mhibition of differentiation resulting 1n
increased malignancy and an acceleration of the morbid
process  the other an immumsing process aganst
transplanted tumour ussue, with consequent inhibition
or cessation of growth of the mnoculated ussue

There 1s however, also the theoretical posstbility
that the apparently contradictory results—acceleration
of the spontaneous disease and of the growth of m
oculated tissue mn a first passage and retardation or
stoppage of the growth of the tissue 1n the later passages
of the same line—are produced by one and the same
action namely inhibition of cell differenttation and
perhaps also of other cell functions

If Potter s theory be accepted that nhibited differ-
entiation 1s an essential feature of malignant cells, 1t
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1 every case of leukemia, there are cells at all stages
of differentiation, with relatively more undifferentiated
cells than are found m normal blood, 1t 1s assumed that
an essential feature mn the malignancy of the cells 1s a
decrease in the rate of normal differentiation Malig
nant lymphocytes differentiate more slowly than normal
lymphocytes, but the differentration proceeds steadily
Now 1t appears that a certamn speed of differentation 15
typical 1n each case, and 1s apparent in the relation
between differentiated and non differentiated cells as
found m the leukaemic tissue  The degree of differentia
tion 15 1n inverse ratio to the virulence of the tissue m
question , the slower the differentiation, the greater the
proportion of primittve non differentiated cells and the
greater the virulence

This theory, though not improbable, certamly fals
to offer an immediate explanation of the involved features
of the immunisation expermments described  However,
the problem may seem less insoluble 1f the term ‘ virulent
cell’ be replaced by ‘ immature cell* and the results of
the experiments be expressed as follows—zske more
wmmature (non differentiated) the cells in an woculum,
the more easily are they influenced by the processes in
duced by immunisation  Nevertheless, the acceleration
by the same mmmumnising process of the relatively more
differentiated cells remans just as obscure, unless 1t be
assumed that the immunisation can wmhibit the differ
entiation of the moculated cells, which would explun
the sudden increase mn malignancy An assumption of
this kind mught, perhaps, sumilarly explamn the mcrease
1n virulence during passage 1n a line m which, according
to Potter s hypothesis, the moculated cells mght be
assumed to be more and more restricted 1n thesr differ
entiation and thus progressively more malignant

The experiments mentioned bove, mn which the
inyection of embryonic extract into mice of stram C 58
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The experiments were carried out with ammals
from two struns, one susceptible and the other refractory
to the sarcoma in question, and with crosses and back
crosses between these two struns A report on the
work, published 1n 1938, also included an account of
transplantation experniments with leuhamns which had
occurred 1n these struns The experiments showed
that the specificity, from the point of view of immunisa
tion, disphyed by the tumours and leuheerias which
occur 1n inbred struns 1s presumably due to the mosatc
of antigen characters which they possess, and not to
any abnormality n malignant tissue By means of
detailed experuments mcluding immunisation studtes,
titration of 1so antibodies formed, and absorption tests
1t was shown that immunity agamst transplanted tumour
or leukemic tissue 15 to be regarded as essenually
dependent on 1so anubodies analogous to those which
appear m response to other cells of the organism,
leukzemnic cells seeming even to contain more 150 antigen
of one of the types examined than do erythrocytes  An
ndication was found however, that malignant cells can
In some cases grow in spite of antigenic differences
Turther, the possibility 15 constantly admitted of an
antigenic difference between tumour tussue and the
tissue from which the tumour ongmates, but these
differences are not usually indicated by the formation
of antibodies m transplantations

Although several factors are still obscure, Gorer’s
mteresting results open a possibility of a simpler
explanation than has yet been available of the extremely
complex features which characterise immumsation ex
periments with transplantable tumours and leuhzmias
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seems not unreasonable to suppose that an influence
capable of miubwuing differentiation mav quite well
produce increased mahgnancy It mught, however, be
expected that a greater mfluence m the same direction,
mvolving an noreased mhibition of differentiation
and possibly of other functions, would ulumately cause
the death of the cells, as an expression of the total
inhibition of one of thetr functions

Arguments of this kind mevitably come to mind m
the course of attempts to solve certamn problems of
modern tumour research  One may instance the action
of X rays, and perhaps also that of carainogenic hydro
cirbons, which can not only produce tumours but
also, 1n certamn circumstances, inhibit or c¢ven stop the
growth of the tumour that they themselves have caused
These facts may perhaps be legiimately compared
with the two apparently contradictory actions of the
immumsmg processes 1n the experiments mentioned
above

But consideranons such as these are remote from
the path of exact mvestigation and belong rather to the
realm of speculation

THE NATURE OF THE IMMUNISING PROCESSES

The nature of the 1mmunsing processes observed
on the moculattion of leuhwmic and other tumour
tissue has been elucidated through a sertes of beautiful
expeniments by Gorer (19377, 1938) This author, whe
i previons studies had demonstrated 150 antigens m
erythrocytes from three different inbred strains of mice,
showed, m 1937 by moculation experiments with 2
sarcoma which had ansen 1n one of these strams, that
susceptibibty to this tumour was dependent on at least
two dommant genes, one of which appeared to be
sdentical with the gene which determines the appearance
of the 150 antigenic factors previously demonstrated



PART 1V

ATTEMPTS IO PRODUCL LLUKZAMIA
EXPERIMENTALLY

Two principal methods have been employed 1n attempts
to produce leuh-emin experimentally n ammals  The
miluence of haemotoxic poisons has been used to study
the question whether the continued maximnl regenera
tion attainnble by evposing the body to the effects of
these poisons can be made to change into the abnormal
super regeneratine conditions which seem to be char
acteristic of leukaemia  The other method frequently
used 15 based on the assumption that leuhama 1s a
tumour of the hemopoietic tissues 1t consists essenti
ally of attempts to influence these tissues by means of
carcinogenic substances which have already been shown
capable of producing tumours 1n other tissues

The nterpretation of the results obtamed by both
these methods 1s often difficult since m almost all cases
the 1nvesugator 15 faced with the problem of deciding
whether the changes produced are to be regarded as

non specific leuheemord reactions or true leukemic
processes






CHAPTER VIII

EXPERIMENTAL PRODUCTION OF
LEUK/ZMIA IN FOWLS

LEUKRAEMOID REACTIONS

IT has already been mentioned that the hzmoporetic
system of fowls 1s extraordinary labile, so that the most
varied influences may result in violent reactions with
the development of a greatly altered blood picture
Moore’s (1897) ‘infectious leuhzermia’ m fowls was
referred to 1n Chapter I, and 1t was mentioned that this
was an instance of a typical leukamoid reaction to an
infection with Bacterum sanguinarium  Mention was
also made of the enormous leucocytosis (see Fig 39)
which 1s so prevalent in tuberculous fowls that it has even
given rise to the assumption that fowl leuhzemia 15 only
a form of fow! tuberculosis

Kasarmnoff (1910) investigated the influence of many
blood poisons on pigeons and fowls He examned the
effects of hzemotoxic substances such as cholic acid,
ricinoleic acid, croton o1l and soap, anzmia causing
posons such as toluylenediarne, pyndine, saponm,
etc, and finally leucoblastic poisons such as cantharn
dine nuclemn, guanme etc He observed very peculiar
blood pictures several times during his experiments—
for instance a veritable myeloblastic congestion m the
blood of a fowl treated with pyridine, toluylenediamune,
and pyrogallol The same picture was seen after treat
ment with ricin  No more detailed mention however,
need be made of Kasarinoff’s results, since the reactions
were non specific tm all cases and always disappeared

when the treatment was interrupted, provided the birds
59






Lic 39 —Blood of tuberrulous fowl with Jeuhwmoid reaction About
300 000 leucocytes per c mm were present the great majonty bemng
normil pseudo eostnophil leucocytes  Just below the middle of the
field re a lymphocyte and a blood platelet  x about 1500
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survived No information was given 1 these studtes
as to tissue changes n the birds

Other investigators, too, have produced farrly severe
non specific blood changes which have, 1 some cases,
been regarded as leukzemic  Gohs (1934), for example,
mjected normal fowl tissue which had been Lept for
some time 1n glycerol into his test birds, but there are
no grounds for the assumption that leukamia was
produced m these experiments

Furth (1931¢) exammed the possibility of producing
erythroleuhzemia by repeated bleeding and by the
admimstration of pyridine, ricin, and toluylenediamme
His experiments illustrate the unusually marked ability
of fowls to regenerate blood, since, even after severe
blood loss, and after treatment with poisons causing
anzmia, these birds can regenerate the total amount of
blood 1n the course of a few days In these crcum
stances a very large number of erythroblasts certamly
appeared 1 the blood, but the abihity of the cells to
mature was preserved m every case and the organs
displayed no leuhostasis

Jarmai and Balo (1938) produced severe anemua,
accompanted by considerable leucocytosis (with many
myeloblasts), by means of Maretin (mefa tolylsemt
carbazide) but the anatomical changes typical of
leukeemi: did not occur  Strangely enough, when an
emulsion of organs from these birds was mjected 1nto
healthy fowls, similar blood pictures developed mn two
out of three Here also, however, no changes in the
ussues were found Further ‘transmssion’ was not
successful

Anatomical changes reminiscent of those found m
spontaneous leukermia, were 1n fact, not observed in
any of the above experiments, and the reactions were
of a temporary character so that they must be classed
as non specific and leukaemoid
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C\PERIMENTS WITH CARCINOGENIC SUBSTANCES

Thomsen and Engelbreth Holm’s (1931) expert
ments are more difficult to ssess  Assuming leukemia
to be a tumour, they mjected carcinogenic tar nto the
bone marrow of sixty two fowls, six months to one
year old  From o002 10 0 05 ccm of tar was myected
every fifth day, through a fine hole dnlled upwards 1n
the upper end of the ibia  Eleven of the birds de-
veloped a fairly constderable leucocytosis—up to 100,000
per ¢ mm —and an@mia to 10 per cent of hzmoglebin,
but pronounced leuhzemic blood pictures were not seen
The blood changes mught well be explamed as an
indication of non leuhzmic reaction to the tar, although
1t 1s surpnising that the majority of the test birds did not
react with these changes On the other hand, the tissue
changes in the eleven birds bore a surprising resemblance
to those of leuk@mia The following cases which
appeared to be identical with myelogenous leukzmua,
mixed myelogenous erythroleuheerma and anzmic
erythroleuhzermia respectively, were of special interest

One fowl died with shght anzmia and severe leucocytosts
(106 000 leucocytes per ¢ mm ) after treatment for five months
The liver was greatly enlarged (see Fig 40) weighing 118 g
(normal wesght about 35 g) and closely resembling the hver
sn spontaneous cases of leukerma The spleen was also
greatly enlarged though to a less degree  Microscoptc

tion revealed a derable infiltration of myelocytes

mto the enlarged organs and into the kidneys (Fig 41) The

marrow too presented the same picture as that seen 1n
leul

ous myel

P yelog
A second fowl was killed because of severe anzmia
(hzmoglobin 17 per cent) after treatment with tar for four
months  Among 46 000 leucocytes per cmm 3 per cent of
myelocytes were observed and there were typical basophil
erythroblasts in the blood The spleen was distinctly enlarged
L
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(9 g as compared with the normal 12 g), the lver was
only shghtly enlarged  Microscopy revealed moderate
mycloid infiltration and a considerable leukostasis of basophil
erythroblasts (see Iig 42) The bone marrow (Fig 43) was
just like the marrow n spontaneous mixed myelogenous
erythroleuh-ema  No mature elements were observed among
the basophil erythroblasts, wiuch were found conglomerated
wn the capillaries of the organs There were numerous
mutoses m these cells  Apart from the fact that the blood
changes were less pronounced, the histological changes
this bird could not be distingutshed with certainty from the
changes 1n spontaneous cases

A third fon! displayed very simular changes

The fourth fowl had extreme an@rma (hemoglobmn <10
per cent) after treatment with tar for two months Some
basophil erythroblasts with many mitoses were seen mn the
blood  There were 5 per cent of myelocytes among the
leucocytes (14 000) The organs were not enlarged, but,
histologscally, punctate conglomerations of basophil erythro
blasts were found throughout the capillaries The case was
highly remmiscent of a spontaneous case of anzmic erythro
leukzmua, but differed 1n that there were only shght changes
1n the bone marrow

Whether the changes are to be classified as non
specific reactions or as expenimentally produced leuh
emia can hardly be decided with certainty Trans
musston from two of the cases to nineteen chichens m
all was tried, and a case of aleuhzemic myelogenous
leuhamia developed Although this case 1s unlihely to
have been of spontaneous ongm, because the bird was
so young, 1t does not seem to be suffictent to prove the
wransmissibithty of the changes produced  There 15
much to suggest that fowl leuhamia was produced
e-cperxmemaﬂy m these birds, but there 1s no definite
proof
Since these first expertmental attempts to produce
fow! leuhzemia by means of carcinogenic substances
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many simulr attempts have been reported  Sarcomata
had been produced in fowls even earlier by means of
tar, but these tumours had not been successfully trans
mitted 1n passage

Furth and Furth stated 1n 1938 that they had prevt
ously earned out stmilar experiments in which tar had
been injected mto the femornl marrow of five chichens
Seven months later they observed leukemia 1 one of
these, with ‘ vast numbers of primitive white blood cells
mn the blood’ They found 560,000 erythrocytes and
930 000 leucocytes per ¢ mm 1n the blood  Attempts
to transmit the disease to twelve chichens were not
successful

Melntosh (1933) produced severn! (thirteen) tumours
by injecting tar mto the breast muscles of twenty one
chichens  Most of these tumours were fibrosarcomata
and fibro angio endotheliomatn, and 1n many cases
leuhzemic changes of different hinds were also found
It was possible to transmut four of these tumours vath
an emulsion of the tumour tissue, and in three cases
trar n was fully effected with Berkhefeld
filtrates  As happened 1n the onginal birds, cases with
leukeermic changes (not more fully described) were also
seen 1n the transmission passiges

These experiments show how closely the expen
mental production of fowl leuheemin 1s connected, on
the whole with the experimental production of fowl
tumours This however, might be expected from the
occurrence, already recorded of tumour production by
leukeemic virus 1n some strains

No detailed mention need be made here of the
numerous attempts which have been reported to eluct
date the relation between fowl tumours of spontaneous
ongin and those produced by carcinogenic substances
The vital problem which has not been solved
a way meeting with general acceptance 1s whether a







F1t 4 — Section of hadney of fonl wath experimental feuhemin following,
mjections of tar into the marrow  Tymieal leukostasis of brsophal
enthroblists m the capilanes  x sbout §00 ((f Fig 14 Figs 40-47
are immj Thomsen apd Engelbreth Holm (1931} etz puth S and
RSN

F1t, 43 —Bone marrow of fowl with expermentd  hub o foliowing,
wmjections of tar o the marrow  The sinuses are dilated and filled
with b2 ophul entl toblasta < bout 50e  (Cf Figs 10and 14)

(1Y)
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virus can be demonstrated i the tumours produced by
carcinogenic substances, as 1n the case of spontaneous
tumours  This 1s a very difficult question  As already
mentioned, McIntosh thought he had found Berkefeld
filterable ‘ virus ’ in the sarcomata and leukamias which
he had produced by means of tar, but several investt
gators have carned out similar experunents without
obtaining takes with cell free material from exper
mentally produced tumours Thus Mellanby (1934)
found that fowl tumours produced by tar and dibenz
anthracene are distinct from spontaneous tumours n
that they cannot be transmutted by filtrates and their
consumption of oxygen 1s greater than, for instance,
that of Rous’s chichen tumour 1

Peacock (1935) arrved at the same conclusion, but
emphasised that the demonstration of a cell free virus
1s subject to the mnfluence of so many vanable and
uncontrolled factors that the value of negauve results
must also be estimated with caution It may even be
imposstble at certamn pertods to demonstrate the virus
m well known strains of fowl virus tumours by methods
which, at other times, allow of 1its demonstration with
ease
Mclntosh’s first result was confirmed by Haddow
(1934), who produced a sarcoma with 1 2 5 6dt
benzanthracene, which could be transmitted through
severl passages, in which takes were produced both by
Berhefeld filtrates and by matenal that had been frozen
and then thawed

McIntosh and Selbie (1939) reported further exper
ments and mentioned five new sarcomata produced by
tar, two of which could be transmitted by means of
filirates  They, too, found Jeukazmic changes in some
of the birds  In this study the authors referred to sumlar
expertments carried out by other investigators, and they
supposed that the various results depended on differ



Fio 4 —Section of hidney of fowd with expenimental leukamin followng,
tjections of tar into the marrow Typieal leukostasis of basophil
erythroblasts in the capillanes  » about y00 (Cf Fig 14 Figs jo-42
are from Thomsen and Fngelbreth Holm (1931) 1cfa path Scand
o)
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Fio 43 —Bone marrow of fowl with expenmental leukemir following
wpections of tar into the marrow  ‘The sinuses are dilated and flled
with basophil erythrobl ts ¥ about 500 (Cf Figs 1oand 14)
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ences in techmque  Oberling, Sanni, Guenin and
Guerin (1936) punted five fowls with 1 per cent benz
pyrene 1n benzole The shin 2t the site of pamnting
showed almost no reaction, but typical erythromyelo
blastic leukzemin (and 2n ovarian tumour) developed 1n
one bird two months Inter  The results of trinsmission
experiments (eight birds) were negative

Jarmar and Balé (1938) attempted to produce fowl
leuhzrma with carcinogenic tar and with benzpyrene
A solutton of tar 1n benzole was injected subcutaneously
mnto a large number of fowls Blood and tissue changes
very stmular to those observed 1n Thomsen’s and Engel
breth Holm's  expeniments, previously mentioned,
occurred seven months later 1n nimeteen birds (21 per
cent of those used) Transmission experiments, the
extent of which 15 not known, grve negauve results
In some other experiments o 5 cecm of 0 5 per cent
benzpyrene 1 oily solution was mjected intramuscularly
every fortmght Typical erythroleukzmia developed
forty three and sixty days later 1n two out of ten fowls
and this could be transmutted to normal birds in the
usual manner One case was transmitted through
sixteen passages Jarmai and Balo themselves did not
venture to ascribe any importance to this experiment
sice the results of repeated experiments of the same
kind were wholly negative The authors therefore
thought that the two cases 1n question were spontaneous
Since the authors themselves emphastsed that the
cases ‘produced’ corresponded closely to spontaneous
cases under transmussion n their laboratory, 1t seems
possible that these were really cases of unimnten
tional transmussion from that stramn by means of
mstruments mfected by chance This risk exists mn
every laboratory engaged 1 research on fowl sarcomata
caused by virus as has been emphasised and demon
strated by Begg and Cramer (1920) Simple rinsing
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and washing of the mortars and other utensils may
prove to be insufficient, the virus perhaps remaming
active 1fter such procedure There 1s no doubt that
advenutious factors of this sort may be important
Even if all the instruments have been boiled,
autoclaved, or otherwise sterilised, such unintentional
transmission may occur

Thomsen, Engelbreth Holm and Rothe Meyer (1935) thus
observed that five out of twelie fowls in an immumisation
experiment (with normal fowl blood) died of typical erythro
leuhzemia, just as though they had been moculated with
leuh@mic blood The donor birds were examined and found
to be healthy  Attempts to explain the origin of these cases
were unsuccessful It 1s possible that contamunation of the
hands with leuhzemic blood, even after they have been washed,
may be enough to produce occasional cases of leuhemia
It 1s worthy of note that this was the only case of the kind
which occurred at the nstitute m question 1n experiments
extending over a persod of ten years

Finally, mention should be made of Mottram’s (1935
36) evperiments in which three out of twelve fowls
which had been exposed to powerful rradiation with
radium died 1 2 years later of fibrosarcoma, spindle cell
sarcoma, 1nd ly mphosarcoma, respectively

DISCUSSION OF RESULTS

It 1s certain that sarcomata have been successfully
produced 1n fowls by the action of carctnogenic sub
stances—tar, carcinogenic hydrocarbons and radmum
(of these experiments, only those n which the tumours

roduced were related to leukeemia have been
mentioned here) It 1s doubtful, however, whether
e(perlmenta\ leuhzemia has been produced by similar
treatment  Leuhazmord blood changes have often
been produced, but simultaneous leuhzemoid, or perhaps
Jeuhaemic, tissue changes have been observed in only a
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few cses Trinsmission expersments hive been tried
many umes  Thomsen and Lngelbreth Holm had one
tahe m mincteen ammals  Mclntosh transmitted his
tumours, which were often combied with leukemic
changes, through several passages, esen transmussion
with Berhefeld filtrate was successful — These results
were confirmed by Haddow, though they have been
questioned by others

Whether experimentally produced sarcomatn contain
a virus 1s thus a question which has been the subject of
consideribleargument  Certun studies in which attempts
have been made to demonstrate the presence of such a
virus have been referred to nbove In the following
expeniments 1 effort to elucidate this problem was
made by more indirect means

Andrewes (1936) worked with 1 fow] sarcomr which
was produced by tir and could be transmutted to fowls
by moculition with cellular tumour ussue, though not
with filtrates [t was capable also, 1n some cases, of
successful transplantation into pheasants, but the mocu
lated tumour then generally regressed nfter growing
for some time as usually happens n cases of hetero
logous transplantatton In a couple of cases, however,
large progressive tumours appeared, and one of these
gave precipitin reactions which might be taken to indi
cate that the tumour in this bird consisted of pheasant
cells  Furthermore, antibodies which neutrahsed the
virus of the Rous sarcoma No 1 developed i the
moculated pheasants Nothing like this 1s seen when
pheasants are immunised with normal fowl tissue
Andrewes therefore concluded from these experiments
that the tumour produced by tar contamned a virus,
although the latter was not demonstrated by trans
mission experiments with filtrates

Very similar results were obtamed by Foulds (1937)
A sarcoma which had occurred m a fowl, after three
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mjections of 1 2 5 6 dibenzanthracene in lard, could
be transplanted 1 passage to other fowls, with ncreasing
virulence  Cell free material would not take Rabbits
were immunised with material from this tumour, and
thereby developed antibodies which neutralised the
virus 1n extracts from the Rous sarcoma No 1 The
rabbit serum preserved 1ts virus neutrahsing effect
even after absorption with the tissue of fowl embrvos
Foulds also deduced from his experiments the ewstence
of a virus 1n the non filterable tumour, and compared
the fact that virus cannot always be demonstrated m
these tumours with the fact, referred to previously, that
even 1n the Rous sarcoma No 1 the virus may periodt
cally escape demonstration

A comparable feature 1s observed in the Shope
rabbit papilloma, caused by a virus 1 cotton tail rabbits
When this 1s transmitted to domestic rabbats, tumours
are certainly produced, but from them the virus
cannot be 1solated directly  Nevertheless, antibodses to
the virus can be demonstrated in these host anmmals
(K1dd, Beard and Rous, 1935)

How the relation between tumours produced exper
mentally 1n fowls and those that occur spontaneously 15
to be interpreted can hardly yet be finally decided
Andrewes’s dictum must be emphasised, that ' non
filterability of a tumour 1s no proof that a virus is not
concerned 1n ats zetology It must also be stressed
that the fact that experimental fow! lenkmmias seem to
have been transmitted only 1n rare cases cannot be taken
as proof that these diseases are essentially different
from leukazmas of spontaneous ongm since only some
of the latter have proied to be transmussible



CHAPTER IX

EAXPERIMENTAL PRODUCTION OF
LEUKZMIA IN MAMMALS

Lrusazmias have been ‘ produced’ esperimentally in
mice and rats by carcinogenic agents  Recent research
seems to indicate, however, that such leukaemias should
be regarded as spontaneous diseases accelerated by the
treatment 1in question, so that they appear earhier and
with greater frequency than 1s usual n these animals
These considerations, which will now be more fully
discussed open the much wider question whether 1t 15
possible at all to produce tumour formation 1n animals
by carcmnogenic agents unless there 1s a certain con
stitutional tendency n the animals to develop tumours

LEURAMOID REACTIONS

Leukemoid blood changes which may sometimes
be musinterpreted as a sign of true leukzmia are also
Lknown tn mammals as in fowls An example of such
a typical non leukzermic leukzmoid reaction was that
reported by Feldman and Stasney (1937) in rabbuts
Enormous leucocytoses up to 110,000 and 124 000 per
cmm were produced by the injection of tuberculin into
eleven tuberculous rabbits  Immature elements—myelo
blasts (‘leukoblasts’) promyelocytes and myelocytes
were often found among the white blood corpuscles
The changes occurred from twenty four to seventy two
hours after the tubercuhin reaction disappearing and
not returning even when the admimstration of tuber
culin was continued this, taken i conjunction with
the absence of leukzmic tissue changes, shows the

non leukz&mic character of the reactions
169
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Stmilar leuhzemord pictures can be mduced m the
higher mammals  Ludke (1910) produced them m
monheys and dogs by the injection of pyridine, with
subsequent infection with streptococer and staphylococet

The findings of Eisler (1937), who mvestigated the
blood changes in rabbits during inaphylactic shock
produced with horse serum, were presumably of a simlar
kind  This author continued the adminstration of the
antigen after desensitisation, whereupon a constderable
fall 1n the leucocytes, resembling agranulocytosis,
occurred  When, however, he performed these expen
ments with ammals previously treated with hydroxyl
amme, Eisler found blood pictures which resembled
myeloblastic leuhama  Fuller particulars of the changes
are not gren, so that a detailed assessment of the results
1s 1mposstble

Leukheemord reactions are not unusual m mice In
these ammals 1t 1s often difficult to draw a definite
boundary line between such non specific reactions and
true leuheerma  In this connection Parsons’s expert
ments are particularly illustrative  In 1935 she reported
a transplantation line originating in a sarcoma produced
by ijections of sodtum 1 2 5 6 dibenzanthracene 9
10 endo af succinate In the mice in which the sarcoma
grew after moculation a ‘ leuhzerma ’ with up to 400,000
white blood corpuscles per ¢ mm , developed stmultane
ously Mjyelord metaplasia was found m the spleen 1n
these amimals and the bone marrow was pus like, highly
remniscent of leukzrmic marrow  In 1936 fresh
experiments were reported which made 1t doubtful
whether the changes just described were really leuheaenc
or more m the nature of a myeloid reaction caused by
the growing tumour In any case, 1t was impossible to
separate the tumour from the leukeemoid changes, which
wereever seen 1n animals apart from the tumour Ina
few cases, Parsons (1936 1938) succeeded in transmutting
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the sarcoma concerned (line from “Mal sarcomn 1)
by means of filtrates An cxtract of tumour w1s
prepared m 0102 per cent cystene hydrochloride
(to prevent ovidation), and filtcred through collodion
membranes which retuned  partcles larger  than
03507 I'netumours of the type usual this line
were produced by the filtrie i 39 out of 199 mice
These tumours too were tccompanted by blood changes
as deseribed 1bove

Retransiission of the sircomn by means of blood
from the tumour bearing 1nimals was successful mn later
stuches (19,8) 1n which changes n the lymph nodes of
the oculated anmmals were also described, these
included changes in the reticular cells and cven others
that were interpreted as sarcomatous They did not
seem to be metastatic but were 1ssumed to be due to
a non cellular product of the sarcoma  Lymphatic
hyperplasias not leuhzemic 1n character, could also be
seen 1n the ly mph nodes

It 1s impossible to decide from the desenpuons
whether these changes in the reticular cells of the Iy mph
nodes were of the same hind as those observed by
MacDovwell Potter, Victor ef a/ (1936) after inoculauon
with leuhzemic tissue and regarded as the imitial cellular
manifestation of leuheerma occurring simultaneously
with the first demonstrable metabolic changes in the
ussue (p 121) The American authors assume, with
Parsons that the tissue may be mfluenced by a humoral
factor “hose nagure 1s \mknov.n

Barnes and Sisman (19,9) reviened a number of
cases of myelogenous (myeloid) leuhema i mice and
compared them with non mahgnant extramedullary
myelopoiesis observed as the result of various mfluences
They put forward many differential dragnostic observa-
tions  which are useful when decistons have to be
made as to whether a certan reaction 1s leukzmoid or
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leukeemic
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As a result of thewr studies the following

critersa were advanced (Table I11)

TABLE 1Y

Myelogenous leukemia

Non mahgnant extramedullary
myelopaie 1s

Most of the myelogenous cells are
mmature

Erythrogenic focs are absent among
the myelogenaus cells

Megakaryocytes are few and present
only in the organs (spleen lver
and lymph nodes) vhere they are
found 1n non leukzmic conditions

The myelogenous cells often imvade
muscle and other non hemato
poietic tissues

The blood usually contams imma
ture myelogenous cells

The Iiver 1s usually enlarged and
grey brown

Most of the lymph nodes are usually
enlarg

Haxemorrhages are frequent i the
viscera (Jungs lymph nodes etc)
ndition 1 ble to other

All stages in the development of
myelogenous cells are present

Erythrogeme foct are  usually
Present

Megaharyocytes  are  usually
numerous

The cells are non nvasne

The blood 1s ether normal or there
15 a lencocytosis with numerous
mature forms

The Iver 1s usually not enlarged
and 1s brown red

Most of the lymph nodes are
usually of normal size

Hxmorrhagic mamfestations are

mice
Cordition not hown to be produced
by bactersa

absent
Condut not yet shown to be
transmssible

Condition can be produced by
bactera

It 15 often difficult to disentangle the true facts

especsally 10 the case of mice, n which 1t would seem
that extramedullary myelopotesis may appear physio
logically, 2¢ 1 the splen, especrally m the older
ammals  Mice react to very many mnfluences with
farrly constderable mvelord metaplasra and leucocytosts
It 1s evident from the examples reviewed that mnoculated
tumours and nfections of vanous lunds can release
leuhzemosd reactions  Barnes and Sisman’s studies
also contamn several examples of spontaneous tumours
accompaned by my eloid metaplasia and leucocytosis
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E\PERIMENTS WITH CARCINOGINIC SUBSTANCES

The first attempts to produce leuhTour expent
mentally 1 mammals by means of carcinogente hydro
carbons date from 1928  Ligntc treated white nuce
with subcutincous njections of benzene i ol The
leucopema typical of benzene poisoning soon appeared
and when the treitment was continued for 1 long ume,
many of the animals died  Small greyish white nodules
in the Iner, which perforted the capsule, were obsert ed
m three out of the twenty six ammnls thus treated
Lignac described these nodes s sarcomatous and
attnibuted to the cells in them * myelopotente Ligen
schaften’ There was no mention of leuhemi mn this
experiment  Brandt (1928) produced similar changes
in a rabbit by panting it twice a weeh for eighteen
months with tar dissohved in benzene  Systemaused
extensnve proliferation of cells of an obscure nature
oceurred 1n the organs  The spleen was enlirged and
white nodes were found mn the kidneys, intesune, supra-
renal glands and lymph nodes The bone matrow was
not examined  Histologrcally the nodes consisted of
undifferentiated mahgnant cells which had possibly
ongmated 1n the walls of the vessels There was no
question of leuhemia m this case  Subsequently
Lignac (1933) claimed by giving mmute repeated
subcutaneous injections of benzene mn oil over long
periods, to have produced leuhemia and lympho
sarcomata 1n 8 out of 33 mice of a strain ordmanly free
from such condimons  These experimental attempts to
produce leuhaemia 1 animals by means of benzene are
of interest 1n relation to the accumulating, but not jet
conclusive evidence that prolonged exposure to com
mercral benzol may occasonally produce acute or
chronic leukzemia 1n man  (For literature see Hunter
1939 and Mallory Gall and Brickley 1939)
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Bungeler (1932 4, &), working on the basis of Fischer
Wasels’s regeneration theory of the ongm of mahgnast
tumours, trred to produce leukema mn muce by treatmg
them with sndol m order to cause chrome ndo] poison
ing  He found that tissue metabolism was changed by
indol poisonimg, the consumption of oxygen decreasing
and anzrobic glycolysis ncreasng  He compared
these condinions with these found m mahgnant tumours
{It must, however be remembered that these metabolic
changes, while certamnly charactenisic of tumour ussue,
are not speetfic thereto )

Bungeler treated 594 mice with two or three weehly
injections of from 0 1 to 02 cem of o 1 per cent indel
m water (dissoled by heat) Many of the ammals
died with hemolytc anzmua and leucopenia  Several
months later wcipient regenerative processes could be
traced and, of 97 anumals that survived the treatment
for eight months four are said to have developed
alenheemic lymphogenous leuhzma or lymphoesarcoma,
and thirteen myelogenous leukamia, of which mue
cases were aleuheemuic  The significance of these
experiments 1s difficult to determine, partly because
no nformation 1s given as to how frequent spontineous
Jeukzrua was without treatment in the muce employed,
and partly because 1t cannot be decided whether the
cases classified as myelogencus leuhmma were not
peshaps entirely or partly cases with a non speetfic
leukeemord reaction

Bernard (1934 35 36) working on the same basis and
with the same technique as Thomsen and Engelbreth
Holm 1m therr expeniments wath fowls (p 161) attempted
to produce leukamia m mice, rats rabbus, gumea
pigs cats dogs and monkeys by injecung carcinogemc
tar mto the bone marrow  Various blood changes were
observed m these iery extensive eypermments most
frequently erythrocytosis and leucocytosis m which
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immature forms occurred  The condition developimg
n rats was prrncularly studied From 6o to 70
per cent of the ammals reacted with 1n incresse 1n
the number of erythrocytes (up to thirteen or fourteen
million per cmm)  Some of these Iater dev eloped
fairly severe hyperplisin of the marrow, wath considerable
leucocytosts  Apart from this, no definite anttomical
changes of 1 leuhemic nature were observed  The
changes were clssified under many different categories,
but no case of undoubted leuh-emin was produced
Several transmission expenments wath varied technique
were all negatne  Bernard himself characterised some
of the resulting chinges as leukhaermi?, but there seems
to be no reason for assummng that the changes
observed in the marrow and blood should be regarded
as anything but leukemoid reactions No sumlar
changes occurred 1n rats after the injection of tar into
their spleens and lymph nodes (1935)

Storu and Stortt (1937) repeated these experiments
but employed 1 2 benzpyrene (¢ 3 4 benzpyrene
according to more recent nomenclature) instead of tar
The experiments comprised 100 rats, each of which
had 1 per cent of benzpyrene i aily solution injected
mnto the femoral marrow (1 mg weekly total § mg)
Twelve out of 75 surviving ammals displayed a series
of blood changes consisting of anzmia (with many
erythroblasts) and marked leucocytosis On the other
hand no tissue changes beyond shight myeloid meta
plasia were found even in the spleen The authors
concluded and certamly nghtly, that the changes
must be regarded as non specific reactions to a toxic
mfluence  Gennaro and Graza (1937) also employed
benzpyrene but used 1t as a 1 per cent solution
benzene to pamt the shin of the backs of fifteen rats
Leukzemia developed m two of these animals myelo
genous n one and lymphogenous 1n the other, there
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was also a carcimoma at the site of pamung  Accordmg
to the description and pictures, these were eases of true
feuheemia, but it was not stated whether lenkzma
developed spontaneously m the ammals of the stram
used

Burger and Usker's (1937) esperments were of a
somewhat different nature  On the hypothesss that
carcinogenic substinces of the methylcholanthrene type,
derived from billary substances, especially cholesters),
rught possibly be formed n the organism, a seres of
mice was treated with bile  Some of the mice were
mjected with untreated bile, and some with 5o mg of
dried gall bladder bde strred m a btde water and
tcem of oliveost  Twelve muce were myected twice
a week with 025 cem of the Jatter Changes that
were nterpreted as leubemsc, hoth myelogenous and
tymphogenous, occurred m nme of these ammals [t
35 smpossible o decide from the report whether the
cases were really leuhenue or merely jevkemod The
fatter s perhaps the more probable evplanation,
especially since Merhnt (19,0} observed only leuce
cytosts and shght ussue changes of uncertam nature
m his similar experiments with seventy rats  Merhmt
considered that the changes were not leukemic

Uher (1638) also mvesugated the effect of snjecting
bile 1nto nuce, rats and rabbits  He treated the anunal
with bide and tar or with carcmogense hydrocarbons
A series of blood changes wich severe leucaeytosts and
annua, was observed but no leukemia occurred  The
reacuions produced vwere often temporary, since they
passed off even while the treatment was bemng continued

Burrows and Cook (1936) myected @ 0 3 per cent
solution of water soluble 1 2 5 6 dibenzanthracene
9 10 endo aff succate subcutaneously or ntrapen
toneally mto mce 1n doses of from 02 t0 05 cem

cwice a week.  Spandle cell sarcomata developed m six
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out of srxty wmmals  Two did, or were kalled, with
enlrged Iymph nodes and spleens and with pronounced
‘leuhostasis ' in the Iner (after 318 and 397 days,
respectively) A third mouse, with 2 Irge tumour like
formation 1n the thorix, was hilled on the 164th day
According to the deseription, the tumour was presumably
an enlarged thy mus, such s 1s often seen 1n spontincous
leukemin  Histologically, 1t was composed of lympho
cytic round cells which infiltrated nto surrounding
structures, such 1s the heart Furthermore, the
lymph nodes appeared to be enliurged  This case was
undoubtedly 4 lymphogenous leuhamin  The other
two cases were 1lso clissified as leuhemin, which was
presumably jusufitble  Burrows and Cool considered
that the lesions 1n these three cises were produced by
the trewtment and were not spontaneous since corre
sponding pathological pictures were not found in the
control amimals There was no question of leuh-emoid
changes and there w1s no concomitint tumour growth,
since tumours of other kinds were not found in the
three ammals One of the spindle cell sarcomata
mentioned 2bove was the ongin of the line of trans
plantable sarcomata which, in Parsons’s expermments,
were almost regularly accompamed by leukemoid
blood changes and changes in organs These changes
were not found in the donor animal

Nearly all the reported attempts to produce leuhzma
m mice were carried out with amimals of inbred strains,
and i many of the cases nothing was known defimitely
of any tendency on the part of the animals to develop
leuhzmia spontaneously The results of most of the
experiments were negative or doubtful, but leukzemic
conditions  presumably unmistakable and most prob
ably produced experimentally have been observed in
a few cases in both rats and mice Typical leuheemia,
demonstrated to be transmussible was not, however,

M
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produced 1n 1ny of these experiments with the regulanity
which must be considered imperatine before the expen
mental production of leukemm 1 mammals can be
accepted as an established fact

Convinemg results of attempts to produce leuhzma
1 muce by carcinogensc hydrocarbons have only recently
been attained

Lev1s (1938) mvesugated the production of tumours
by 1 2 5 6 dibenzanthracene in a stram {C3H) m
which lesions of the Iymphatic system did not appear
among the untretted ammmals There were three
lymphosarcomata among 100 tumours thus produced,
one of which pernmtted further transmussion to other
ammals of the same strun but not to anmals of other
stramns  Tumours of the lymph nodes and enlargement
of the spleen 1 addiwon to lymphosarcoma at the
site of moculation developed among the ammals
moculated with ussue from one of these lympho
sarcomata but the blood did not become leukwmic
From the fact that further transmission wath the blood
of these anumals produced tahes of Iymphosarcoma
Lewss concluded that the blood nevertheless contamed
mahgnant lymphocytes  Another of the cases produced
by dibenzanthracene revealed the feature so frequently
found m spontaneous cases—a large tumour of the
thymus with neoplastc wfitration of the hius of the
lung and auricles of the heart The three cases of
lymphosarcoma  occurred 75 115 and 237 days
respectuively after the mjection of 0 8 mg of carcinogenic
hydrocarbon (in o 4 com olwve o)

Dobrovolshaia  Zavadshara and Rouyer (1938)
ohserved similar cases 1n a stram (XXX} m whieh
the spontancous development of Iy mphadenomatosis *
was never seen It developed however, mr twa of the
102 mice treated subcutaneously i the avilla with small
doses of 1 2 5 6 dibenzanthracene and also i one



CAPLRIMENTAL ILUKRZMIA IN MAMMALS 179

out of fifty one mice 1n which ridon tubes had been
implnted subcutancously  That four out of thirty nine
muce displayed the same pathological picture after nfec
tion with Speroclketa morsus muris s more extraordiniry
Thus feature, 1nd the fact thit more tumours 2re found
n some litters than n others, presumably indicate thu
constitutional factors n thus strun pliy An essenul part
in the development of tumours, 4lthough no observation
of leuhzemia 1n untreated animals has been reported
The evpernments of Morton nd Mider (1938, 1939)
with mice of Lattle’s dilute brown stramn (dba) are of
greatinterest Spontaneous Mammary carcinoma oceurs
i from 80 to go per cent of the breeding females 1n
this strun and tumours of the lungs in less than 5 per
cent ‘ Lymphoblastoma occurs commonly n both
sexes between the ages of 650 and 800 dvys Morton
and Mider painted sixty mice of this strun with o 5 per
cent methylcholanthrene 1 benzene solution once a
week, the site of the punting being varied from time
to ume In this way the development of tumours of the
shin caused by panting was avoided  The result was
that forty eight of the sixty immals succumbed to
leuhzemin at a far younger age than 1s usual, all of
them dying withm 226 days Most of the leuhamic
cases were lymphogenous and displayed the same
picture as the spontaneous cases 1n this stram  Whether
there was a true increase m the pumber of leukwemic
cases cannot be decided, for lack of accurate information
about the controls Examunation of the blood often
revealed up to 300000 white cells, of which from
85 to 9o per cent were lymphogenous, with many tmma
ture forms  The earliest symptoms were observed after
treatment for only 69 days Experimental transmission
from one of the amimals resulted 1 takes 1n six out of
ten others with the development of a tumour at the
site of inoculation and general leukzmic changes
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produced m any of these experiments with the regulanty
which must be considered imperative before the expen
mental production of leuk-emia 1n mammals can be
accepted as an established fact

Convincing results of attempts to produce leukzma
1n mice by carctnogenic hydrocarbons have only recently
been attamned

Lews (1938) investigated the production of tumours
by 1 2 5 6 dibenzanthracene in a stran (C3H) m
which lestons of the lymphatic system cid not appear
among the untreated ammals There were three
lymphosarcomata among 1oo tumours thus produced,
one of which permitted further transmisston to other
amimals of the same strain, but not to ammals of other
stramns Tumours of the lymph nodes and enlargement
of the spleen, m addition to lymphosarcoma at the
site of moculation, developed among the ammals
moculated with tissue from one of these lympho
sarcomata, but the blood did not become leukaemic
From the fact that further transmission with the blood
of these ammals produced takes of lymphosarcoma
Lewis concluded that the blood nevertheless contamed
mahgnant lymphocytes Another of the cases produced
by dibenzanthracene revealed the feature so frequently
found in spontaneous cases—a large tumour of the
thymus, with neoplastic mfiltration of the hilus of the
lung and auricles of the heart The three cases of
Iymphosarcoma occurred 75, 115 and 237 days
respectively, after the injection of 0 8 mg of carcinogemc
hydrocarbon (in o 4 c cm olive oil)

Dobrovolshaia - Zavadshaia and Rouyer (1938)
observed similar cases mn a stramm (XXX) m which
the spontaneous development of ‘ lymphadenomatosis ’
was never seen It developed however m two of the
1oz mice treated subcutaneously 1n the axilla with small
doses of 1 2 5 6 dibenzanthracene, and also in one



CAPERIMENTAL LTUKRAZMIA IN MAMMALS 181

almost bemgn, compared with what occurred m the
cases produced by tar  The cises of leuhmia n
the expertmental sertes corresponded cxactly with those
ansing spontancously n leuhamic struns, and were
undoubtedly typical lymphogenous lecuh-emias  No
“antagomsm’ between feuhimia and the development
of carcinomn 1s 1 result of painting was observed

In the hght of these results there cin no longer be
any doubt that leuk-tmin can be produced experimentally
by carcinogenie agents, in mice of hnown genetic con
sutution  The question immediately anises as to why
this w1s not obseryed before, since the strans concerned
have been used for experiments, wnd even for the
experimental production of tumours, for 1 number of
years Brues and Marble mention the possibility that
the character of the branch of the strin employed by
them (Bagg albino) had changed by mutation This,
however, 1s hardly hkely, since analogous observations
have become increasingly frequent (see below) A
satisfactory reason for the non recognition of these
features hitherto can hardly be grnven It certamly
cannot be assumed that such leuhzemic changes were
overlooked, although 1t must be admitted that they
did not fall within the scope of previous carcmogenic
experiments 1n the strains concerned

The work of Lew:s, Morton and Mider and Brues
and Marble demonstrates then that leukema can be
produced n inbred strans in which the disease rarely
occurs spontaneously (C3H, Lattle’s dilute brown, Bagg
albino) Moreover, Brues and Marble showed that 1t
15 not every inbred strain that reacts 1n this way, since
mice of Littles C g7 black stram appeared to be
refractory 1 this respect To see the problem i its
true perspective 1t s important to discover how mnbred

stramns with hereditary and frequent cases of leuhzemia
behave under similar treatment
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Thus, 1n these experiments, the development of spon
taneous leuhaem@ wis successfully accelerated by
treatment with carcinogentc hy drocarbons

Brues and Marble (1939), who used the Bagg albmo
stramr and Latde s black C 57, observed similar conds
tions mn the one, but not n the other, after pamtng
with tar  The object of the esperiments was to
investigate the snfluence of varous diets on the
development of tumours caused by pawmung, but the
result threw hght on quuite a different problem as not
wirequently happens n experimental pathology While
the various diet groups behaved umformly, the pamting
resulted n the development of leuhaemia m many of
the ammals of the Bagg albmo stram  Four kinds
of tar were used, of which only two resulted i the
development of leuh@mia a feature presumably
connected with the greater general carcnogenic pro
perty of these two samples, as evidenced also by 2
greater mcidence and earlier occurrence of papillomata
at the site of pamung

The stramns employed were mbred and were both
Lnown as bemng ‘free from leuhamiy, which 1s to be
taken as meanmg that spontaneous leuhamia does not
oceur mn more than 2 per cent of the ammals

Leukerma developed, however, m six out of thirty
mice (20 per cent ) after pamnting in the usual manner
with a specimen of tar which produced papillomata
after treatment for 179 days  whilst another tar, which
was apparently more carcinogeme and  produced
papillomata i the course of 84 days, produced Iympho
genous leul@pya n twenty out of forty myce (50 per
cent) The same kinds of tar produced papillomata
only, and no case of leukaemia, m the mice of strain
C57 Leuhaerma was found m about 2 per cent of
about 1000 untreated ammals of the Bagg stramn, but the
progress of the disease in these cases was very slow,
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organs, the pieture thus to some cxtent resembling that
of Hodghm’s chscase  The leuhemic nature of the
diserse may perhaps be doubted, even the tuthors
calling 1t * 1 leukemin hike disturbanee with malignant
cells resembling monocytes'  As already mentioned,
stmilar pictures e seen, though rarely, 1n untreated
ammals of strun Rf and, according to the authors,
the effect of the treatment was mamly evidenced by
the fact that ¢ the incidence of this disease was greatly
enhanced by the treatment with benzpyrene  The
experiments certainly showed - distinet increase in the
number of c1ses of this condition 1n the amimals treated,
2nd the fact that the disease was of a type that 1s rare m
spontaneous cases may have been due to the method of
administerning the benzpyrene

Engelbreth Holm (1940) was able to obtam a
clearer answer to the question of the extent to which
the mncidence of a frequently occurring form of leuk
®mia may be influenced by carcinogenic agents He
used for his experiments the Aka strun of mice, which
ongated from Turth’s strain Ak From 50 to 70 per
cent of the animals 1n this inbred strain that were over
eight months old developed lymphogenous leukaemra
No spontaneous leuhzemia had been observed n animals
less than five or six months old Twenty mice of
this strain were given subcutaneous njections of 1 mg
9 10 dimethyl 1 2 benzanthracene dissolved 1n o1
cem of olive oil when they were six or seven weeks
old A number of tumours (sarcomata generally
spindle celled and squamous celled carcinomata) sub
sequently developed in twelve mice which were not
more than three months old  Typical lymphosarcomata
oniginating 1n the lymph nodes were also observed,
and 1n seven cases the leuhemia charactenstic of the
stramn occurred but with the difference that all the
ammals dymng from this cause were less than five



182 LEUKAEMIA IN ANIMALS

Furth, Furth and Breedis (1938) examined three of
these strains (S1b, Rf, and A, with sub hnes Af and AlL)
The mice were treated with 0 05 cem of a 4 per cent
solution of benzpyrene in lard, mjected nto the spleen
Closely related animals were used i the imvestigation,
one half being given the treatment and the others Lept
as controls  Only a small number—seven and eight
respectively—from strains S1b and AL, was exammed,
but forty exght ammals from stram Rf were treated
Twenty three cases of tumour of the lungs were found
among these, as agamnst nine among forty nme control
ammals, ten cases of leukema also occurred, agaimnst
one m the same number of control ammals Of the
ten leukamic cases, seven were monocytic and two
myelogenous A number of tumours developed mn
twenty two animals of strain Af—three tumours of the
lungs and three mammary tumours—but only one
leuhaemic case (monocytic leuhemia) occurred  One
case of lymphogenous leuhaemia was seen in twenty nine
control amimals The speual (intrasplenic) method of
admimstration seems to have been responsible for the
positive result, and m particular for the occurrence
of the rare monocytic form of leuheerma, which was
especially evident n stran Rf  Such cases also
occur spontaneously m this stram, though far less
frequently On the other hand, the treatment does not
stem to have tcreased the meidence of leuheemia n
stramn Af

The cases of monocytic leuhemia observed were
characterised by an overgrowth of farly large and
somewhat rrregular mononuclear cells, especiaily n the
Irver, and to a lesser estent mn the spleen and ymph
nodes The cells now and then formed small nodules
m the Liver and spleen  No blood changes were found
Varying numbers of large cells even polynuclear giant

cells, were observed between the cells 1n the affected
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organs, the picture thus to some extent resembling that
of Hodghin’s diserse  The leuhaemic nature of the
diserse m1y perhaps be doubted, even the authors
calling 1t ‘1 leukermin lihe disturbance with malignant
cells resembling monocytes’ As already mentioned,
stmilar pictures are seen, though rarely, n untreated
anmals of strain Rf and, according to the authors,
the effect of the treatment was munly evidenced by
the fact that ‘ the incidence of this disease was greatly
enhanced by the treatment with benzpyrene’ The
experiments certanly showed a distinct increase n the
number of cnses of this condition 1n the amimals treated,
and the fact that the disease was of a ty pe that 1s rare mn
spontaneous cases may have been due to the method of
administersng the benzpyrene

Engelbreth Holm (1940) was able to obtamn a
clearer answer to the question of the extent to which
the ncidence of a frequently occurring form of leuk
@mia may be influenced by carcinogenic agents He
used for his experiments the Aka stram of mice which
origmated from Furth’s strain Ak From 50 to 70 per
cent of the animals in this mbred stramn that were over
eight months old developed lymphogenous leukzma
No spontaneous leuheemia had been observed 1n animals
less than five or six months old Twenty mice of
this strain were given subcutaneous mnjections of 1 mg
9 10 dimethyl 1 2 benzanthracene dissolved i o1
cem of olive o1l when they were siv or seven weeks
old A number of tumours (sarcomata generally
spindle celled and squamous celled carcinomata) sub
sequently developed in twelve mice which were not
more than three months old Ty pieal lymphosarcomata
ongmating 1 the lymph nodes were also observed,
and 1n seven cases the leuhzmia characteristic of the
stram occurred but with the difference that all the
ammals dying from this cause were less than five
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months old  Both leukeemic and aleuhamic cases were
observed

These experiments were continued by Engelbreth
Holm and Lefevre (1941) and 1t has appeared that the
method of administration 15 of only minor ymportance,
for panting the skin of the back with a o 5 per cent
solutton of 9 10 dimethyl 1 2 benzanthracene m
benzene, two or three times a week, led to simylar results
Leuhamic or lymphosarcomatous changes, occurring
at an earlier age than m untreated anmmals, were
observed 1 ten out of eleven mice of this strain which
had survived the first months of treatment This
was 1 additon to tumours—due to the pamting—of
the usual papillomatous or carumomatous type A
specially interesting pomt in this experyment was
that lymphatic imfiltrations developed at the site of
pamnting i five of the ammals They were highly
reminiscent of lymphosarcomata, with pronounced 1nfil
trative extenston 1nto the underlying tissue (see Fig 44)
The authors concluded from these experiments that
leukzemia of spontaneous development can be accel
erated so as to occur at an earlier age than usual,
by treatment with carcinogenic hydrocarbons, and
that the lymphatic tissue of ammals belonging to this
strain has a greater tendency than that in other mce to
react to carcinogenic agents by developing malignancy
This 1s evident from the lymphosarcomatous infiltration
at the site of pamnting, even in three mice m which true
Jeukaemia was not observed

Engelbreth Holm and Lefevre also exammed mice
of the Lattle dilute brown stram, with results partally
similar to those of Morton and Muder (p 179) Expen
ments resembling those mentioned above were performed
with this strain, 1 which 50 per cent of the amimals
develop mammary carcinoma at the age of eight to
ten months without treatment and 2 per cent leuhaema
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when they are over six months old  The results were
as follows Of nincteen ammnls treated with 9 10
dimethyl 1 2 benzanthrcene (3 mg ), four succumbed
to lymphogenous leuk-emi and one to lymphosarcoma
All were less than six months old when they died
In addition, the development of mammary cancer was
observed i three ammals 2t considerably earher ages
thin n the controls Among thirty three ammals
pamted 1n the ordinary way, seven cases of leuhaemia
developed at ages less than six months, and seven
cases of mammary carcinoma (three of which were
muluple) below the age of eight months As m
Morton and Mider's experiment mn which methyl
cholanthrene was used, distinct acceleration was
observed of the leukzerma which occurs so rarely
m this stram evidenced both by a distinctly increased
mcidence (eleven out of fifty two ammals agamst
2 per cent of those not treated) and by earlier occurrence
Moreover, there was a corresponding acceleration of
the mammary adenocarcimnomata typical of the strain,
of which up to five or seven per ammal have been
found n other series of experiments i which methyl
cholanthrene was used

Thus treatment with carcinogenic hydrocarbons,
injected subcutaneously or paimnted on the skin, produced
m both the Ahka and ‘dilute brown strams an
acceleration of the forms of tumour usually encountered
therein  The ‘ accelerated ’ leukeemas 1n each of these
strains proved transmissible to antmals of the same stramn
Just like the spontaneous cases m untreated animals

Mice of Bagg s strain were used by the same authors
in symular expeniments  Only one case of lymphogenous
leukzemia developed among twenty seven anumals given
9 1o dimethyl 1 2 benzanthracene subcutaneously
This result was therefore, striking contrast to
Brues and Marble’s experiments (p 180), in which
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50 per cent of the muce of the same stramn developed
leuhzemia after betng panted with tar

Further confirmation of the ‘aceelerating effect
of carcinogenic hydrocarbons has been obtuned by
Kirschbaum, Strong and Gardner (1940) However,
MacDowell ez a/ (1938) found that benzpyrene had no
accelerating effect upon the incidence of leukzemn m
therr strain Cs8 It must be remembered that this
stram 15 the most susceptible known up to date, and 1t
may be that any further enhancement 1s impossible

EXPERIMENTS WITH X RAY IRRADIATION

Leuheemia can be produced experimmentally m mice,
or accelerated (the latter term 1s preferable), by means
of yrradiation with X rays, as well as by the influence
of tar and carcinogenic hydrocarbons

Krebs, Rask Nielsen and Wagner (1930) observed
only three cases of leukeermia (lymphogenous) m 10,500
non treated, non mbred mice of mixed origmn, whereas
nineteen cases of lvmphosarcomatous change or lympho
genous feukemia were seen In 5550 wmumals that had
been exposed to total irradiation with X rays

Furth and Furth (1936) stmilarly wrradiated a large
number of mice of strains A, R and S with from 200 to
400 r when they were 5 10 weeks old  The inctdence
of the neoplastic diseases that were seen also n the
untreated anumals was thereby mcreased It 1s particu
larly interesting that myelogenous leuhemia occurred
1 the wradiated anmmals from five to nmne tiumes as
frequently as i the untreated Lymphogenous medias
tinal tumours occurred three nmes as frequently mn the
srradiated ammals in strain R as in the non wrraciated,
and 1 stramns A and S eight times as frequently  The
cases observed 1n the irradiated amimals were m no
way different from those seen n the others General
lymphogenous leuhzemia was twice as frequent m the
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rrradiated 15 n the non wrdinted wmals of all three
struns

A consderable increase i the madence of Jeub umin
can thus be attuned, both 1 stochs of mived mice and
1n the purer struns, by means of wrridiation with \ rys
This ncrease 1s comparble with that obscrved afier
treatment with crreinogemc substances

CAPCRIMENTS WITH GSTROGLNIC SUBSTANCLS

As with mammary carainomata, it secms that the
frequency of Jeuh-emic diserses ¢n be mereased, or the
diseases themsely es produced 1n certun struns by means
of cestrogenic substances  Lacassagne (1937) reporued
fourteen cases of lymphosarcoma n mice which had
been treated with weekly njections of equilcnin benzoate,
in doses corresponding to about 500 M U per injection
He stated that spontancous occurrence of these tumours

had not been observed for five years in the struns of
mice employed

DISCUSSION OF RLSULTS

It has been mentioned already (pp 115 and 151)
that the development of Jeukenua has been accelerated
i mice by the injection of embryonic extracts
(MacDowell, Potter and Taylor, 1937), and by the
mjectson of assumedly cell free extracts of leuhzemic
nissue (Engelbreth Holm and Irederiksen, 19385) But
1t 15 impossible as yet to form any definite opmion as to
whether the accelerated development of the morbid
processes attatned 1n these expeniments 1s similar to
or different 1n principle from, that which can be attamed
by treatment with cestrogenic substances, carcinogenic
hydrocarbons and X rays

That lenhemia can be caused 1n mice by means of
tumour producing influences 1s beyond discussion  The
question then remamns —How are we to Yegard the
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50 per cent of the mice of the same stramn developed
leuheemia after being painted with tar

Further confirmaton of the *accelerating effect *
of carcnogenic hydrocarbons has been obtamed by
Kirschbaum, Strong and Gardner (1940) However,
MacDowell ef a/ (1938) found that benzpyrene had no
accelerating effect upon the modence of leuhema
their strata C 58 It must be remembered that this
stram 1s the most susceptible hknown up to date, and st
may be that any further enhancement 15 impossible

EXPERIMENTS WITH X RAY IRRADIATION

Leukama can be produced experimentaily in mce,
or accelerated (the latter term 15 preferable), by means
of wrradiation with X rays, as well as by the influence
of tar and carcinogenie hydrocarbons

Krebs Rask Nielsen and Wagner {1930} observed
only three cases of leukmia (lymphogenous) m 10,500
non treated, non mnbred mice of mixed ongmn, whereas
nineteen cases of lymphosarcomatous change or lympho
genous leuhzerma were seen In 5550 anumals that had
been exposed to total irradiation with X rays

Furth and Furth (1936) stmilarly srradiated a large
number of mice of strams A, R and S with from 200 to
400 t when they were 5 10 weehs old  The maoidence
of the neoplastic diseases that were seen also m the
untreated animals was thereby mncreased It 1s particu
larly interestng that myelogenous leukeerma occurred
wm the wradiated animals from five to nine umes as
frequently as 1n the untreated  Lymphogenous medias
unal tumours occurred threa tames as frequently mn the
wradiated amimals 1n stram R as n the non srradhated,
and 1 strains A and S exght times as frequently  The
cases observed 1n the wradiated ammals were mn no
way different from those seen n the others General
lymphogenous Jeukeemia was twice as frequent n the
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1s not necessary for the occurrence of 1ny leuhaenma
at all, even with the strongest extrinsic influence
possible This cannot yet be decided with certamnty
The experiments of Brues and Marble may, however,
pont in that direction, since two inbred strains reacted
very differently to the same mfluence, one developing
a 50 per cent incidence of leuhemia, the other not a
single case  Nesther of the struns was a ‘leukemic
strain’  The interpretation of this observation may
concen 1bly be that there are strams 1 which leukma
cannot be produced at all, a question the closer invest:
gaton of which will be of great importance In this
connection 1t 1s nteresting to note that, in most of the
strains 1n which the experimental production of leukzemia
has succeeded cases of leuhzma havealso been observed
among the untreated ammals, though extremely rarely
m some of them
Lewis (1938) stated expressly that no spontaneous
leukzema 1s hnown 1n stram C3H mwhich1 2 5 6
dibenzanthracene produced three lymphosarcomata
among over a hundred ammals  Dobrovolshaa
Zavadshaia and Rouyer (1938) reported the same
about therr lignee XXX 1 which three cases of
lymphadenosis were produced among 153 animals but
these authors gave reasons for beheving that a hereditary
disposition co operated m the occurrence of such cases
The view that a certain hereditary predisposition 1s a
condition for the experimental production of leukemia 1s
perhaps supported by the fact that the cases produced
m the experiments are preponderantly of the same
type as those which also occur spontaneously in the
strains concerned the various types of leuhzemia being
mherited individually 1n certain nbred strains, such as
those used in Furth’s expenments Among these
lymphogenous leukzmia 1s by far the most frequent
form in one stramn (AL) and myelogenous in another
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relation which seems to exist between the spontaneous
hereditary tendency to develop the disease and the
tendency to react to the external tumour producing
mfluences with increased or accelerated occurrence of
the same morbid processes? The further question
arises  Can the conclusions drawn from the leukzemia
investigations already quoted be considered vahd also
for other hinds of tumours ?

In the discussion of MacDowell and Richter’s
mnvestigations nto the heredity of leuhemia i nbred
stramns of mice (Chapter VI), 1t 1s emphasised that an
nterplay must be assumed between the intrinsic, genetic
factors and the extrinsic factors which contribute to the
development of leuhemia  This pont 1s illustrated by
a strain 1n which the animals were genetically uniform
as regards the development of leuhzemra, but 1n which
10 per cent faled to develop the disease  These
leuhzemia free ammals had—as was evidenced by their
offspring—the same genetic constitution mn respect of
leuhaemia as the other go per cent, so that the failure
to develop the disease must presumably have been due
to extrinsic influences, or to the lack of them  Analogous
reasoning in the case of another stramn, only 2 per cent
of the ammals of which developed leuhzmia, led to the
assumption that the development of the disease mn these
must have been due to extrinsic influences

The observation of an accelerated or a numerically
augmented tendency to leuhzemia mn these strams under
influences of a carcinogenic nature s quite compatible
with such assumptions  Whereas the intrinsic, hereditary
charactenstics of the untreated ammals ordinanly play
by far the larger part, the extrmsic factors can be
mcreased experimentally to such a degree that the
hereditary characteristics play a relatively small part
i the leuhzemas produced i such experiments But
1t 1s @ question W hether a certain hereditary constitution
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or the myelord system in consequence of inherited
characterstics, 15 we do of those produced by treatment
with carcinogenic or cestrogenic substances, or X rays,
and we nre still without knowledge 1s to whether these
intrinste and extrinsic influences on the cells are similar
n nature or essentially different, though they co operate
1n the production of mahgnancy

We Lnow that vanious factors which can cause the
development of tumours dividually can mtensify each
other s action when they are 1pplied simultaneously this
has been shown by Mottram (1938) with radium irradia
tion and punting with benzpyrene, by Rous and Kidd
(1936 1938) with tar and the Shope papilloma virus
by Andrewes and Ahlstrom (1938) with tar and the
Shope fibroma virus by Clemmesen (1938) with X ray
irradiation and the Shope fibroma virus * by Mayneord
and Parsons (1937) with X ray irradiation and treatment
with carcinogente hydrocarbons and finally by Perry
and Ginzton (1937) with dibenzanthracene and theelin
But we do not know whether the co operation between
the imhented tendency towards leuhzmia and the
extrinsic carcinogenic influences 1s of an analogous
nature or whether the hereditary tendency 1s not rather
a factor of quite another hind whose presence 1s possibly
an absolute condinon for the successful action of the
extrinsic tumour producing mnfluences

We have learnt that carcinogemc hydrocarbons
X rays and probably, cestrogenic substances are some
of the extrinsic non hereditary factors that may be
of mmportance—in some cases even of overwhelmng
importance—in the development of leuherma It 1s

* Clemmesen emphas: ed that 1t 1s possible and in some cases perhaps
even probable that irrad m such as these should
be regarded not as a carcinogemc influence ger e but only as a factor
lowenng res: tance the action of which 1s analogous to that seen when
resistance to tran planted tumours 1s broken down by \ rav irradiation
before inoculation
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(Rf), whereas both types are observed m a third (S)
(Barnes and Sisman, 1939)

The features of leuhzmia are presumably analogous
to those of other forms of tumour For nstance, a
hereditary disposition has been shown many times to
be important in the development of tumours produced
by pamting the shin  The production of mammary
carcinoma by means of cestrogenic hormones may be
mentioned as a striking analogy Lacassagne (1938)
showed that treatment with cestrogenic substances will
wcelerate the appearance of mammary carcinoma
mbred strains 1 which these tumours are observed
spontaneously, but not in other strains which are free
from mammary cancer The acceleration manfests
iself 1n an increased number of tumours and also in
therr earlier development This acceleration 1s thus
quite similar to that attamned by means of carcmogenic
hydrocarbons 1n leukzemic strains  An increased number
of tumours, and therr earlier development, are observed
in both instances, but 2re confined in each case to
strams 1 which the same type of tumour 15 seen
spontaneously The very different reactions of various
kinds of animals to the same nfluence may possibly be
regarded as an indication of geneucally controlled
constitutional  differences i suscepubility to the
neoplastic diseases For example, the attempted pro
duction of carcinomata or even of papillomata, by
pamnting with tar was unsuccessful i the case of fowls,
and, agamn, many differences of reaction are observed
even among the various hinds of rodents Sumilarly,
it may be that the production of leukzmia, such as 15
seen m mice, will never be attamned in rabbits, for
mstance, 1n which spontaneous leukzemia i 1ts typical
form 1s not known

‘We know just as hitle of the changes in the direction
of malignancy which occur mn the cells of the lymphatic
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or the mycloid system in consequence of inherited
characteristics, as we do of those produced by treatment
with carcinogenic or cestrogenic substances, or X rays,
and we are sull without knowledge as to whether these
mtrinsic and extrinsic mnfluences on the cells are stmilar
n nature or essenuially different, though they co operate
mn the production of mahgnancy

We Lnow that various factors which can cause the
development of tumours individually can intensify each
other s action when they are applied simultaneously , this
has been shown by Mottram (1938) with radium rrradia
tion and punting with benzpyrene by Rous and Kidd
(1936, 1938) with tar and the Shope papilloma virus,
by Andrewes and Ahlstrém (1938) with tar and the
Shope fibroma virus by Clemmesen (1938) with X ray
rrradiation and the Shope fibroma virus * by Mayneord
and Parsons (1937) with X ray irradiation and treatment
with carcinogenic hydrocarbons and finally by Perry
and Ginzton (1937) with dibenzanthracene and theelin
But we do not know whether the co operation between
the inherited tendency towards leuh@mma and the
extrinsic caranogemic nfluences 1s of an analogous
nature or whether the hereditary tendency 1s not rather
a factor of quite another hind whose presence 1s possibly
an absolute condition for the successful action of the
extrinsic tumour producmg nfluences

We have learnt that carcinogenic hydrocarbons
X rays and probably, cestrogenic substances are some
of the extrmsic non hereditary factors that may be
of importance—in some cases even of overwhelming
mmportance—m the development of leuheerma It 1s

* Clemmesen emphasised that 1t 15 posslblc and in some cases perhaps
even probable that d mn penn s such as these should
be regarded not as a carcinogemc influence ger s¢ but only a a factor
lownenng resistance the action of which 1s analogous to that seen when
resistance to trznsplanted tumours 1s broken down by \ rav uradiation
before inoculatign
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probable that other influences may play a part, but
we do not hnow what they are Young (1922) and
Cherrv {1929) thought they had observed that such
an nfluence was exerted by bactena (among others
by the tubercle bawmllus), their experiments, however,
did not uphold their contention, s was proved by
Richter and MacDowell (1935) Simlarly, Dobrovol
shua Zavadshaa aind Rouyer (1938) beheved they had
observed the development of leuhemia after infection
with Spirocheta morsus muris  Such claims, however,
must be regarded with scepticism, so long as a purely
hereditary origin 1s not entirely out of the question
and perhaps especially so long as it has not been proved
convincingly that the changes 1n question are leuhzmic
and not merely leuh®moid reactions, such as are of
common occurrence 1n mfections 1n mice
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CHAPTER }
NATURL OI" THE ANIMAL LEUKZEMIAS

OrinNtons concerning the nature of the morbid processes
in the ammal leuheermias have, as 15 only natural,
passed through the same stages as those concerning
human leuhzemias Research on the former has
however, resulted in the now widely accepted opinion
that these diseases both in amimals and 1n man, are to
be regarded as neoplastic

The wfectron theory was abandoned after a com
paratively short ttme  Even though Ellermann and
Bang agam raised this hypothesis for fow! leukemia,
after their discovery of a virus that transmuts the
disease, 1t was not long before 1t became clear that
leukzerma cannot justifiably be regarded as an infectious
disease erther m fowls or n mammals Almost all
the features typical of infectious diseases are laching
i leukzrmma The disease 15 not contagious and the
anatomical changes in the organs present no char
acteristics that can justify theirr being considered as
mflammatory

These facts are not altered by the extremely rapid
progress of some of the cases i which the pathological
picture may be remuniscent of sepsis  stll less are
they affected by the occasional demonstration of microbes
1n a leukzemic lesion, which 1s most often due to secondary
septic infection 1n an orgamsm weakened by leukema
The not uncommon leukzmoid reactrons which as
mentioned before occur mn various infections—especially
m fowls and mice—have also helped to confuse attempts

to define the nature of the leukaemic process, as they
05
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have not infrequently been erroncously diagnosed as
leuhzerua  In some cases the microbes concerned
(generally streptococcr) have even been acclaimed as
the cause of leukeemia, because of the somewhat similar
pathological pictures they produce when inoculated
mnto other ammals, generally mice These pictures,
however, have nothing to do with leuhzemra, they too
are leuheemord reactions to septic infections

Nor has Ziegler’s correlation theory proved tenable
This hypothesis, which was purely speculative, was
based on the normal existence of a balance between
the lymphogenous and myelogenous systems, and the
suggestion that 1f one of these systems was for any reason
damaged or had 1ts development mhibited, hyperplasia
of the other would occur Repression of the lympho
genous tissue 1s certanly often observed i myelogenous
leukeemia, and e versa, but it by no means follows
that this disappearance of the elements of one system
15 primary, stil less that 1t 1s the cause of the leuheerme
proliferation of the other This hypothests must also
be regarded as abandoned

The tumour theory first advanced by Ribbert m
his Geschwulstlehre (1904), 1s based on the assumption
that leukzemia 1s a tumour formation of the myelogenous
or lymphogenous tissue  Since 1ts first publication this
hypothesis has sometimes been discredited  Investiga
tions of the animal leukeemias during the last ten years
however have made 1t clear that leuk emuic changes are
neoplastic m type, although the question whether the
growth 1s a true malignant tumour, or whether leukeemic
proliferations should be hkened rather to benign hyper
plasias 15 still open to discusston  Whether or not
lymphogenous leuhemia be regarded as a benign
hyperplasty, the corresponding undoubtedly malignant
tumour 15 certainly the lymphosarcoma  Now 1t
appears unmstakably, from the experiments with mouse
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leuhemia which have been described above, that no
clear cut border line can be driwn between lympho
genous leuh-emin and lymphosircoma n muce, and
that the former, at 1ny rate in these a1mmals, must,
like the latter, be recognised 1s a malignant new
formation

The diffuse nature of leuhemic changes, 1n contrast
to the more defined, nodular formation in ‘true’
tumours, has been especially urged 1s an argument
against the tumour theory That there 1s 2 difference
between the leukzermias and other malignant tumours
1s ncontestable, but 1t 15 extremely doubtful whether
one 1s therefore justified 1 charactensing leuhemua as
fundamentally different from other tumours Many
cases of leukemia have been known mn which the
changes were not general but were localised to more
or less imited regions of the system concerned, and
cases characterised by quite locahsed nodular formations
(lymphosarcoma, myeloma, etc), of whose neoplastic
nature there can hardly be any doubt, are also not
unusual Again a comparison between leukeemia and
tumours 1n other tissues cannot be made unless the
normal differences between the blood forming tissues
and blood cells on the one hand and the non blood
forming tissues on the other are taken nto consideration
The blood forming tissues occupy a special position
among the tissues of the organism 1n being scattered,
with no sharp boundaries, and especially in producing
cells that lack the ability to form cohesive tissue  If a
hypothetical mahgnant new formation be imagined as
proceeding from these tissues the result can hardly be
thought to be other than the very picture that 1s seen
i typical generalised leuhzermia

Another pomnt which has been emphasised by the
opponents of the tumour theory 1s that leukzemic
tissues do not metastasise It 1s true that a typical
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Prumary tumour and scattered nodal metastases are not
found 1n leukzenia, but 1t 1s extremely doubtful whether
this means that the changes are not of a neoplasuc
nature, for the charactenstic structure of the hamo
potetic tissues, made up of 1solated cells, will cause the
supposed primary focus and the * metastases ’ proceeding
from 1t to spread and not to appear as compact nodules
Moreover, this question of whether metastasis does or
does not occur n leukzemic processes 1s sull open to
debate It has not yet been definitely decided whether
the changes which spread universally throughout the
organism 1n both myelogenous and Iymphogenous
leukaemia are to be considered as indicating that the
whole system, once and for all, undergoes conversion
to malignant tissue, or whether 1t should be assumed
that leukamic processes arse 1 one place, perhaps
even m one cell m the system concerned, and then
spread throughout the orgamsm as a diffuse metastasis
of 1solated cells Arguments have been advanced n
support of both theories

As already mentioned, 1t appears from experiments
on leukzemia transplantation mto mice that diffuse
leukeemic processes can be mitrated by the mtravenous
moculation of a smgle cell  Cases of leukeemia are not
nfrequently seen m mice~—as also m man—mn which
only single sections of the lymphogenous system become
leukzemic  Whether these are to be regarded as cases
m which general changes would have appeared, had the
1ndrvidual concerned Iived longer, can hardly be decided,
but they show, at any rate, that m cases of leul zzmia
all the sections of 2 hemopotetic system need not be
leuhzemic ssmultaneously

Although these obsery ations indicate that the changes
begmn relatively locally, later to become ‘generalised’,
thev do not necessarily mean that the leuhzemic process
arises by the metastasis or colomsation of leuhemic
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cells from n prnimary leuh®mic ‘tumour’ In this
connection severnl ficts indicate that in leuhemia the
hamoposetic tissues undergo certun changes throughout
the whole of their extent, which may mean that the
disease 1tself 1s systemaused from the very beginning,
and here the metabolic changes found in Potter and
Victor's expeniments 1n the lymph nodes of mice, at
periods when there was no other evidence of leukzemia,
come to mind Moreover, experiments in which the
development of spontaneous leuhzerma 1n mice has been
accelerated by local treatment with carcinogenic hydro
carbons indicate the presence of such a general
preleuhemic  state since the mamfest leukemc
changes n such cases have been found earliest and most
pronounced on the sites selected at random where the
carciogenic influence has been active  As already
mentioned by pamnting the shin lymphosarcomatous
mfiltrations can be caused to develop subcutaneously in
ammals that would later have developed lymphogenous
leukamia spontaneously
The truth les, perhaps midway between these two
opmmtons It would not be unreasonable to suppose
that the mherited tendency which has been shown to
be of the greatest importance for the development of
leukzmia in mice determuned a change or state, pre
lenhzemic  1n nature throughout the whole of the
lymphogenous or myelogenous system  As a result of
exogenous influence or influences 1t mught then be
thought that the real leuhzmic process arose in a
limited area mn the hazmopoietic system The further
development of this process—generalisation—mght be
supposed to take place just as much by metastasis
as by the transformation, under the same exogenous
influences of other sections of the system m a leuheemic
direction Such a multicentric ongm of neoplastic
processes 1s hnown 1n the case of other tissues, although
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primary tumour and scattered nodal metastases are not
found 1n leukzma, but 1t 1s extremely doubtful whether
this means that the changes are not of a neoplastic
nature, for the charactenstic structure of the hamo
potetic tissues, made up of 1solated cells, will cause the
supposed primary focus and the * metastases * proceeding
from 1t to spread and not to appear as compact nodules
Moreover, this question of whether metastasis does or
does not occur i leukemic processes 1s sull open to
debate It has not yet been definitely dectded whether
the changes which spread umwversally throughout the
organism 1 both myelogenous and lymphogenous
leukemra are to be considered as indicating that the
whole system, once and for all, undergoes conversion
to mahgnant tissue, or whether it should be assumed
that leuheemic processes arise m one place, perhaps
even 1 one cell in the system concerned, and then
spread throughout the organism as 1 diffuse metastasss
of 1solated cells Arguments have been advanced in
support of both theories

As already mentioned, 1t appears from experiments
on leuhzmia transplantation into mice that diffuse
leukzemie processes can be mmutiated by the mtravenous
moculation of a single cell Cases of leukaemia are not
infrequently seen 1 mice—as also 1 man—mn which
only single sections of the lymphogenous system become
leuhzemic  Whether these are to be regarded as cases
1n which general changes would have appeared, had the
ndrvidual concerned lived longer, can hardly be decided,
but they show, at any rate, that in cases of Jeukanma
all the sections of a hzmopoetic system need not be

Jeukzemic simultaneously

Although these observations mdicate that the changes
begin relatrvely locally, later to become generalised’,
they do not necessarily mean thit the leuheemic process
arises by the metastasis or colonisation of leukemie
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cells from 2 primary leuhmmic ‘tumour’ In this
connection several facts indicate that n leuhenua the
hemopoietic tissues undergo certun changes throughout
the whole of ther extent, which may mean that the
disease 1tself 15 systematised from the very beginning,
and here the metabolic changes found m Potter and
Victor’s experiments 1n the lymph nodes of mice, at
periods when there was no other evidence of leuhema,
come to mind Moreover, experiments mn which the
development of spontaneous leuhzrma in mice has been
accelerated by local treatment with carcinogenic hydro
carbons indicate the presence of such a general
preleuhaemic  state since the mamfest leuhemic
changes 1n such cases have been found earliest and most
pronounced on the sites, selected at random, where the
carcmogenic mfluence has been active  As already
mentioned, by pamntung the shin, lymphosarcomatous
infiltrations can be caused to deselop subcutaneously m
ammals that would later have developed lymphogenous
leukzerma spontaneously
The truth les, perhaps, midway between these two
opintons It would not be unreasonable to suppose
that the mherited tendency which has been shown to
be of the greatest importance for the development of
leukzerma m mice determined a change or state, ‘ pre-
leukzemic  1n nature throughout the whole of the
lymphogenous or myelogenous system  As a result of
exogenous influence or imnfluences, 1t mught then be
thought that the real leukzemc process arose m a
ltmited area in the hzmoposetic system  The further
development of this process—generalisation—rmught be
supposed to take place just as much by metastasis
as by the transformation under the same exogenous
mfluences of other sections of the system 1n a leukeemic
direcion  Such a multicentric origm of neoplastic
processes 1s known 1n the case of other tissues, although
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1t 1s rarer than isolated tumours  As examples, mention
may be made of Krompecher’s carcinomata 1n the skin,
which are frequently multiple, bilateral suprarenal and
ovarian carcinomata , multiple intestinal carcinomata
neurofibromatosis etc

1t may be argued, then, from the foregomg that the
peculiarities which distinguish leukzemia from other
turmours, and are considered by the opponents of the
tumour theory to disprove the neoplastic nature of
leukzemra, can be easily explamned as consequences of
the special features which normally charactenise the
hzemoporetic tissues  Moreover, recent research on
leuhzerma 1 ammals has supplied a large number of
observations which directly support the theory that
leukzemic processes are mahignant tumour formattons

According to the extensive mnvestigations of recent
years (Furth and co workers Jarmai, Oberling and
Guerin, Engelbreth Holm, Rothe Meyer and co workers,
and others) there 15 1 the fowl leuhemias (erythro
leukzemia, myelogenous leuhemia and lymphogenous
leuhzmia) an unrestricted multiplication of blood cells
m their earlier stages, accompanted by a lack of ability
to mature Where these cells appear 1n the tissues they
form infiltrattons and localised nodes here and there
(erythroblastomata, myelocytomzta lymphosarcomata)
which possess all the characteristics lad down for
malignant tumours The ndividual cells in the infil
trations and m the blood similarly present morphological
and other features supporting the view that they are
tumour cells  As in the case of many other malignant
tumours pronounced enlargement of the cell nucles, or
rather an alteratton in the ratio nucleus / cytoplasm
(and especnally of the ratio nucleolus / nucleus), 1s often
found For mstance, the nucler of the basophil erythro
blasts of fowls with erythroleuh@mra are undoubtedly
larger than the nuclet of the normal basophil erythro
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blasts (Engelbreth Holm, 1933), and the nucleols 1n the
pathological cells are also surprisingly large

Such features re quite compatible with the tumour
theory, though they hardly proveit Nor have attempts
to produce fow! leuh-emia experimentally with tar or
carcinogenic hydrocarbons gren such umform results
that the neoplastic nature of the disease has been
thereby established, although many of the cases
apparently so ‘ produced ’ have probably been authentic

But the study of the mixed leuhzmia sarcoma
strains has shown, with all the clanity desirable, that
fowl leukzemnia and fowl sarcomata are closely similar
diseases since they appear in many strams alternately
or simultaneously and are produced by the same virus
The results of experiments with such strains as those
of Furth, Oberling and Guerm, and Rothe Meyer and
Engelbreth Holm leave no room for doubt as to the
neoplastic nature of fowl leukeema, unless 1t be doubted
whether the virus produced fowl sarcomata are them
selves malignant tumours Thus no differences have
been demonstrated between the properties of the viruses
producing pure sarcomata ¢ g the Rous tumour no I,
and those of the viruses causing the development of
pure leukzemia, or leukeemia combined with endothelial
sarcomata or other tumours There exist indeed many
fowl tumours caused by viruses, including fibrosarco
mata myxosarcomata, endotheliomata and the leuk
@mias with forms of transition from one to the other

In the same way, the sum total of observations on
the leukzmias of mammals, especually the mouse
leukemias necessitates the assumption that neoplastic
processes are mvolved

As with the bird leukermas, the typical changes i
the tissues observed in mammalian leuhamias present
features strongly mdicaung that the cells are neoplastic
There 15 no question here of normal immature blood cells,
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but rather of atypical cells with special morphological
charactenistics which are preserved consistently through
out transplantation passages The nvasive growth of
the nfiltrations nto the surrounding tissues and the
characteristic features of the mdividual cells, especially
their lach of ability to differentiate, which has been
established by the studies of MacDowell, Victor and
Potter, and of Furth and his co workers, and which
15 typical of neoplastic tissue, can hardly be interpreted
on any other supposition than that the cells are tumour
cells with malignant characteristics

Cells from the leukamic tissue of mice further
display certain metabolic anomalies which are essentially
of the same sort as those found with other tumour cells
The facts 1in this connection are, however, somewhat
difficult to evaluate, because from a metabolic pomt of
view the blood cells deviate even normallv from most
of the other cells of the body

The problem of the nature of the morbid process 1n
mammahan leuhaemas can hardly be solved by investt
gations of cell metabolism, and by morphological
studies alone As m the fowl leukaemas, we meet
with difficulties arsing from the pecubarities of the
tissues concerned, and certain features mn the leuhaemic
processes give them a position among the tumours
which 15 1n some respects unique But, just as the
problem of fowl leuhzmuas was solved ndirectly
through the results attamned from muxed strams, so
has the nature of the tumour in mouse leukamas
become apparent from experiments in which leukeerma
was produced experimentally

Leukeemta 1s mherited 1n inbred strams of mice
which the frequency of vartous forms of the disease has
become constant through a scries of generations, in the
same way as tumours By means of mbreeding,
¢ leukeerma stramns’ are produced m which one form
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or another of the disease predominates, while strains
that are free from leuhzmia are also produced It has
been shown that an interplay of intrinsic (inherited)
and extrinsic factors 1s necessary for the occurrence
of leuhemmn, as for that of other mahgnant tumours
Transplantation experiments with strains (such as those
of MacDowell and his co workers, and of Furth and
his co workers) have also shown that the same facts apply
to leukzemnia as to other tumours, as regards the cond:
tions for trinsmission and the development of immunity
to the transplanted tissue  On no essential pomnt have
differences been demonstrated between the leukemic
stramns and other strains of tumours mn mice, so that it
would be unreasonable to consider that mouse leuhema
1s not of a neoplastic nature The final and incontestable
proof of this contention 1s supplied by the experiments
mentioned at p 183 1n which leukama was produced
experimentally by means of carcinogenic agents While
the epithehal tssue reacted with the development of
carcinoma, and the connective tissue with sarcoma,
the hamopotetic tissue reacted with leukeemia

The carcinogentc hydrocarbons have proved, 1n the
case of leukzema as with other mahgnant tumours, to
be the most effecttve of all the Lknown exogenous factors
which may combmne with hereditary predisposition to
produce mahgnant transformation of the cells m a
ussue They are able to accelerate the manifestation
and to increase the number of cases of the disease
n mbred strains 1n which the incidence of leuheemia 1s
already relatively high

Other nfluences capable of co operating m the
development of malignant tumours can also cause
an 1ncrease 1n the number of cases of leukzmia
in these strans This has been proved for X ray

wradiation and, 1n a single experiment, for cestrogenic
hormones
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The most important result of recent leubzemma
research has thus been that both ammal and human
leuhemias have been almost unammously recogmised
as neoplastic diseases, as malignant tumours of the
hzmoporetic tissues * Leukzemia research has thereby
become a hink 1n general tumour research, and the results
which may be attaned 1n future from the invesugation
of lenkemic diseases will presumably be of value
relation to the understanding of cancer and other
tumeurs

THEF RELATION BEIWEEN HUMAN AND
ANIMAL LEUKRZEMIAS

The relation between human and animal leukemias
has been a subject of discussion and argument since
the observation of the first case of ammal leuhzemia
Warmngs have often been given agamnst companng
human diseases with those of the lower anmmals  ‘ Mice

* On the basis of tissue cultures of bone marrow taken from human
cases of acute myelogenous leubmmia Israels (1940) suggests that there
may be a fi 1 d; between leuk 1w mace and m man
In the former case he admits that the disease 15 neoplastic n the latter
he disputes this view on the grounds that immature cells rapidly disappeared
from his cultures which soon consisted almost entirely of more mature
forms There are several reasons for rejecting Israels ¢ argument Very
similar results are obtained with tissue cultures of the admittedly neoplastic
mouse leukzermmas The malignant cells die out rapidly and explants soon
contam nothing but fibroblasts and mature myeloid cells (MacDowell ¢ a/
1928) Even if 1t be true as Israels belteves that the observed result 15
due to differentiation of myeloblasts this does not disprove the neoplastic
nature of human leul A sq celled
and Potter mamtams that the malignant cells of mouse leukzernia al o do
so (p 152) The argument would be conclusive only if mouse and human
Jeukamias were studied m tissue culture side by side and were shown to
be fundamentally different It 15 possible however that certain cases of
Jeukzmia though clinically typical may not be fully neoplastic  MacDowell
et al (1939) have described the induction of such border line cases 1n mice
followwrg the njection of stenle trypan blue Such conditions would
correspond to the carcmomatoids etc and serve only to accentuate the
simtlanty between leukzmia and other neoplastic diseases

general
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are not men’ 1s 1 familiar truism, and on these grounds
the experimentt! study of ammal leukzmia has been
described by 1ts opponents as purely ‘ acdemie’ and
of no practical significance to human medicine  Such
views can hardly be justfied It 1s obvious that there
are differences between fowl] leuhaemia, for instance, and
human leuhamia, just as there are charactensuc differ
ences betw een the hzmopoiesis of fowls and that of man,
but 1t has been established almost beyond peradventure
that fowl leuheemia and human leukzerma are analogous
diseases  Nearly 1ll who have engaged 1n research on
these subjects 1n recent years are agreed on this pont
But the analogy between mouse leukhzerma and human
leuha@mra 15 sull more strihing  The similanty here 15
remarkable—so perfect, right down to the smallest
detail that doubt as to the identity of the two diseases
can hardly be entertained  The clinical course 1n acute
human cases and that seen 1n those with a slower rate
of progress, are repeated 1n muce, and the pathological
picture 1s amazingly uiform 1n both  The same forms
of leukzemia are found—Iy mphogenous and myelogenous
most frequently monocytic leukzermia and the atypical
forms, e¢g cases charactenised by megakaryocytic
elements, more rarely—in mice as 1n man
Only one form of human leuhzemia — plasma
cell leuheemia—and the related multiple myelomatosis,
have not yet been observed in lower ammals Whether
this 1s a pure matter of chance—z¢ whether these
conditions do occur in amimals but have not yet been
observed—or whether myelomatosis and plasma cell
leukzerma are pecuhiarly human forms cannot yet be
decided  the latter explanation would hardly appear
likely
Altogether there can be no legiimate grounds for
doubt that leuheema in anmmals especially i mice,
is the same disease as leuhzmia 1n man  The pecuhar
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features presented by the disease m some species,
espectally birds, are more reasonably explaned as
being due to the special characteristics of these species
than to the possibiity that fow! leukzmia, for example,
1s a disease of an entirely different nature from leuhzmia
1 other ammals or 1n man

With the solution of the problem of human leukaerma
as the final goal, the study of the nature of the disease
and of 1ts varous features i ammals must therefore
be regarded as abundantly justified, smce the results
attained are lihely at the same time to elucidate the
corresponding features of leuhzemta n man
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