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PREFACE

Sir Henry Dale, Professor T.. J. Witts and Dr. F. HL. K.
Green made the suggestion carly in 1953 that it would be
valuable to have an opportunity to discuss informally on an
international level the present status of rescarch in leukemia
and the directions in which further research might most profit-
ably be pursued., They put forward this proposal on behalf of
the (European) Scientific Advisory Committee of the Lady
Tata Memorial Trust, a charitable Trust founded by the late
Sir Dorabji Jamsctji Tata of Bombay in memory of his wife,
which has become world-famous in the last twenty-one years
for its support of research on discases of the blood, and more
especially leukemia. The Director of the Ciba Foundation
very willingly agreed to organize such a symp on the
hines of the previous conferences held at the Foundation,
and he is particularly indebted to Dr. Green and Professar
Witts for much essential advice in 1ts arrangement, and to
Sir Henry Dale for Ins whole-hearted support both of the
project and of the actual meeting in November, 1953,

To those to whom this book serves as an introduction to
the activittes of the Ciba Foundation it should be explumed
that it 1s an international centre, wlich 1s established as an
educational and seientific charity under the laws of England.
It owes 1ts mception and support to its founder, Ciba Ltd.
of Switzerland, but 1s administered independently and
excluswely by its dlstmgunhcd British Trustees

e F jort for
workers who visit Londun from abroad, organizes and holds
nternational symposia, conducts {in conjunction with the
Institut National d'Hygiéne) a post-graduate medieal ex-
change scheme between England and France, arranges -
formal meetings for discussions, awards an annual lectureshup,
assists international congresses and other scientific societtes,
v
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is buildmg up a library service in special fields, and generally
endeavours to give aid in all such matters as may promote
international co-operation in scientific research.

Leading rescarch workers from different countries and in
different disciplines are invited to attend the symposia or
colloquia. The stze of the groups is, however, very strictly
limited in order to obtain a free conversational manner of
discusston—although the basic timetable of the programme
is strictly observed, The smallness of the groups necessarily
means the exclusion of many other workers active and
nterested in the subjects discussed, and therefore the pro-
ceedings of these confercnces are published and made available
throughout the world.

It is hoped that the papers and discussions in this book
will prove not only informative and stimulating, but will also
give to readers a sense of participation in an informal and
friendly oceasion.
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CHAIRMAN'S OPENING REMARKS
L. J. WITTS

THE impulses which drive men to cngage in rescarch are
dnubtlcss numerous nnd complex, but in opening tlis
on leuk arch 1 shall mention only two.
Thc l‘mt is the spirit of cumosity, a curiosity both intellectual
and msthetie, and the second 1s the desire to relieve human
suffering. The study of discases of the blood is of mntense
interest n its own nght. The physical appearance of the
blood cells and their movements have always had a faseina-
tion, whether seen through the primitive instruments of
L hock, Malpighi and Sw dam i the seventeenth
century or through the electron microscope today. By
staming the blood cells we can produce pictures of great
beauty, and at least one American hematologist has a hand-
painted neck tie which 1s an accurate delineation of a marrow
smear. Equally subtle techmques are available for measuning
the rate of formation and of destruction of the blood eclls
and for studying many aspects of ther life history in health
and disease.

Leukemia 15 an obvious subject for inquiry because m
leukeemia bizarre changes occur m both the appearance and
the behaviour of the white blood cells. We are made to
wonder at something we had perhaps too easily taken for
granted, the homeostatic mechanism which normally main-
tains within well defined limits not merely the total number
of white cells but the several members of the white-cell series
w the peripheral blood, and which silently takes care of their
entry into and ther dcparture from the circulating blood
stream. Tlus h ds to infections,
stresses and other factors which alter the complexion of the
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white blood count by mechanisms which are still imperfectly
understood and whose disturbance m leuksenmia may therefore
form & point of departure for physiological studies.

It is rarely possible, however, for the medieal researcher
not to be aware on oceasion of the human or emotional aspects
of the problems which he is studying, and few diseases are
more tragic than feukmmia or more inexplicable in terms of
human suffering. A pgeneration ago it might have been
regarded as & relatively rare and unimportant disease, but
this is no fonger the case. Leukemia now accounts for mere
deaths m childhood than all the commeon acute infections put
together, and 1t forms a significant portion of mahgnant
disease m later hfe. In animal husbandry likewise it takes an
umportant toll from our herds and flocks.

This Ciba Foundation type of conference has established
the vale of bringing together workers from different nations
and different disciplines in « smalt and wformal conference in
which there i1s time and room for the cross.fertilization of
ideas, but we alve had another purpose i mind i this par-
ticnlar symposium. A number of foundations are now
specifically interested wn the problem of leukemis and our
meeting this week grew out of a discussion between the
secretortes of the Ciba Foundation and the Lady Tata
Memonal Trust. We who are on the Seientific Committee of
the Lady Tata Memorial Trust are proud of some of the work
which 1t has sustmned or to which i has contributed dunng
the Jast twenty years. It will not be invidious for me to refer
to the pioncer studies of Professor Engelbroth-Holm
Copenhagen, of Jacob Furth at Cornell and of Professor
Roussy 1 Pans, and to say what a pleasure # 13 to have
Engelbreth-I{olm and Jacob Furth with us here today
Steady progress has been made m the understanding of
teukmma and there has been some small but measurable
improvement in methods of treatment.  Our programme
shows that the difficulties of research in leukicmia have not
dissuaded fwrst-class workers or prevented sgmficant dis-
coveries.
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We felt there was o striking contrast between the high
level of these researches and the lack of inspiration and
knowledge revealed in some of the applications we have
received for scholarships and grants.  Project research is
always open to the enticism that it encourages the irrespons-
ible or mercenary applicant, but we have to aceept the fact
that project research s likely to be with us for some time to
come and that considerable funds are already earmarked for
research on leukemia. Morcover, one feels less diffident about
this than about some other forms of project research, for
teukerma appears to offer a promusing salient n the fight
against malignant disease. In addition 1t brings together 1n
an unusually intimate way those who are working in the
basie scientific fields and those who may more properly be
called clinical workers, because of the fact that man himself
1s often the most suitable animal for experimental work on
leukremia,

This symposium should therefore be of great value to those
of us who are members of research committees and may here
discover those laboratories and foa of activity to which
research students n leukmmia may most profitably be
directed.  Sumlarly, the publication which we hope to see
emerge from thrs symposium will be of great value to younger
workers or entrants into tlus field who may thereby learn
which areas of knowledge are already fully developed, which
problems are clearly defined and which techniques at the
moment appear to be most promusing  As they arc young
we may also hope that the newcomers will see the openings
which those of us who are older have overlooked

Most of us—I know not all of us, but most of us—feel that
leukzmia 15 part of the total pmblem of cancer und for this
reason many of the cytological and physi 1 methods
of study are common to the wholc field. I hope you will find
that these various approaches are well covered n our pro-
gramme If there 1s a hiatus, and doubtless 1t will be filled
during the course of the discussion, 1t 1s the guestion of the

nutntional '\ of the leuk cell and the
Leox pza
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possibility of influencing the disease by nutritional means, of
which some hints have appeared from time to time in the
hterature. We have allotted relatively hittle time to the clinical
aspects of leukamia, with the exception of the newer forms of
treatment. The incidence of the disease in Western Europe
and North America, its classification, morbid anatomy and
natural history, and the effects of established treatments
have now been worked out with considerable accuracy. Here
too, however, there remain certain areas which stilf require
exploration. The first is the geographical pathology of the
disease, For example, 1t 1s said that lymphosarcoma is unduly
frequent m the natives of South Africa, and this is the type of
finding that would be worth confirmation and cxplanation.
The second elimeal or demo"raphlc problcm hes in the evi-
dence that Jeuk {req y in Western
Eumpe and America and chmmmfv n thc distribution of the
various types, and this 1s an aspect of the disease that might
well be worthy of sustamed and accurate observation.




ON LEUK/EMIA RESEARCH
J. ENGELBRLTH-HOLM

Ix this paper I shall endeavour to outline some topics
within Yeukmmia research, ehinical as well as experimental,
which in my opinion should be investigated, including topies
in which interesting observations have already been made but
which have not, however, been further examined.

At the present time the classifieation of the leukemias is
rather obscure, even more so than ten to twenty years ago,
and the relation between leukemias 1n man and animals has
become more vague. In the myeloid leukmemas difficultics
anise as to w hich attitude to udnpt towards myeloid meta-
plasia, myeloscl and hemic myeloid spleno-
megaly, polyey thmmms and leukemic ery thmb]astosle In
ammals where mycloid leuhemia has been investigated,
conditions are less obscure than in man  In the former the
tumorous nature of myeloid leuhmmias cannot be denied,
whereas 1n man the qutstmn may be whether one tumour
group should be d the el 1 myeclo-
genous leukmmm, particularly the myeloblast leukemias and

ta myelowd leuk 1 fowl and mouse),
and another non-tumour group, including chromie myelo-
genous leukmemias, polycythzmias, myosclerosis, ete. It 1s
very interesting to notice that myelogenous leukermas, found
m fowl, are excited by the same virus as that which exoites
erythroblastosts and which m certan slowly progressing
cases brings about myelosclerosis. However, 1t 15 question-
able whether one 15 Justified to draw an analogy between the
above discases and those with similar names in man.

Recently, Dameshek (1951) put forward the hypothesis
that all the conditions mentioned above were different re-
actions to a myelostimulatory principle, The theory 15 o
pleasing one, but if all these diseases are to be considered as

5
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an entity, it 1s almost impossible to explain the nature of the
pathogenetic processes, It is beyond doubt that true
leukxmias in fowl and mouse are of tumour nature whereas
myosclerosis, myeloid metaplasia, and non-leukemic myeloid
splenomegaly 1n man are definitely not tumorous.

In this respect we arc confronted with a pecuhnr feature.
It is generally agreed that true leukemias should b dered
as malignant tumours. But what are the corrcspcnding
benign tumours? It has often occurred to me that in this
respect something is amiss in our classification. I am aware
of no other tissue which may become the site of mahignant
tumours without the capacity of developing benign tumours.
Might not some or more of these leukeemoid conditions be
considered as the benign counterparts of the malignant
Jeukamria?

When we come to lymphogenous leukemra we find diffi-
culties of a different kind. Tius type of leukzmia has been
marnly investigated mn fowl, mouse, and cattle, as well as in
man. Whereas the mouse leukeemas offer no obstacles as to
their classifieation-—all of them bemng obviously tumorous—
there (s doubt as to the disease m fowl and man. Certamn
chromc lymphocyte forms deviate somewhat from the more
acute forms. So far the chromie form n fowl has not been
proved to be caused by a virus, as opposed to the acute form
{and the neurolymphomatosts, a disease spectfic to fowl);
and Bethell (1942) and Wiseman (1942) voreed the possibility
that chronte lymphoeytic leukamia ts different from the
tumorous leukermas and 1s possibly of a metabolic nature.

It 1s still uncertain where to place cattle leukeemia. In
some cases 1t has been defined as a metabolic disease, but 1ts
origin 15 still being discussed.

It 1s also bemng discussed whether the chrome, slowly
progressing 1y mphogenous leukemia must be considered as
deviating basteally from the acute Iymphosarcomatous
conditions, or whether it should be classified as a more highly
differentiated, relatively bemgn tumour of the lymphatic
tissue.
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Now, the most important problem is to determine which
course to follow in order to clucidate further the classification
of the leukemia diseases. Tt 1s hardly practicable to proceed
by purely morphological and clinieal studics, but & quantita-
tive morphology, combined with measurements of nuclei and
cell sizes (as attempted by, e.r, Heiberg (1930}, and Engel-
breth-Iolm (1933) ) might help to elucidate our present rather
uncertain classification.

Another sphere in which continued and intensified investiga-
tions are desirable 1s the wtiology and interrelation of the
different causative agents of the leukemias, Much knowledge
has already been gathered in this respect. It is a fact that
tumour-exciting snflucnces hke hydrocarbons and radio-
activity may be concurrent causcs for the development of
leukeemia, and 1t is not unreasonable to include inheritance
as a factor. But other conditions which may have a decisive

i level leukemia must alo be taken

on the develop of
nto consideration 1 am thinhing in particular of the very
‘nteresting finding of Saxton, Boon and Furth (1944) that
underfeeding of mice reduced the incidence of spontancous
Teuhmoma from 65 per cent to 10 per cent. Twonder why thus
observation failed to lead to more extensive qualitative studies
on the importance of food in the development of leukema
Hovwcever, some examinations have been performed. Lysime
and try defi y, for mst: , seem to have no
inhibiting en‘ec: on the development of leukerma in mice,
whereas eystine deficiency in the food reduces the leukemia
nadence (White, White and Mider, 1048). Such conditions
are 1n my opimon of the utmost importance and should be
investigated much more thoroughly. Several sinmlar investiga-
tions have been performed on other tumours, but 1t holds
true liere as in the other types of mahgnant tumours that no
generalzation 15 justifiable among the vanous tumours,
However, the restriction of the caloric intake of ammals
seems to reduce the Tcid of many spont us
besides lenkemza,
In this connection the investigations into the various
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i 1 infh on the devel of leukremia should

T
be mentioned. In several strains of mice there is a definite
difference in incidence 1 males and females. Here it is note-
worthy that in man chronic lymph leuk: oceurs
most frequently in elderly men. (Estrogens play an important
role in causmng leukzmia in certain strains, whereas testo-
sterone is inhibutory. Cortisone too has a dcﬂmte inhibatory
effect on the develop of I } in
mice (I\aplan ¢t al., 1951; Woolley and I‘etcrs, 1958).

The various hormonal mnfluences during the development
of leukwemia deserve further investigation, although, as
stated by Furth (1952), “hormones appear to be madifiers
rather than direet ineiting agents.” It goes without saying
that it would be of the greatest importance to have the
actual retiology of leukeemia disentangled, to find out whether
a single mtiol I agent 18 d, or whether it is a
combination of various factors, as is the case in several other
tumours.

To assume a single mtiological agent 1s for all practical’
purposes almost 1dentical to the assumption of a virus as the
causative factor in leukamia in man and mammals, as has
been found m fowl It should, however, be remembered that
a virus needd by no mcans be the only cause of lenkemis,
merely one of several co-operating factors which finally
result 1n the development of the disease. Such conditions arc
known, e g in breast carcinoma in mice the mitk factor is
apparently one of several necessary factors

In 1951 Gross reported experiments with imjections of
extracts of Jeukzeme cells or of normal embryos of the
leukaenue strmn AK into C3H mice less than ten hours old.
Many of the treated C3H mce developed leukzemua later 1in
ife, as opposed to the non-treated C3H mice. These very
interesting expermments, indicating a virus as the cause of
the leuksemia 1n AK mrce, have been sulnect to enticism, but
I shall leave them for the present time, sinee we shall have the
opportunity of discussing those conditions tomorrow when
Dr. Gross will talk about lus recent experiments,
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It is not surprising that I take a keen interest in these
experiments when it is borne in mind how I thought I had
transferred AK Jeukemin with cell-free matenal, in experi-
ments which Jater falled to be repeated by both myself and
MacDowell. However, I never succeeded mfinding the “flaw”in
the first series of eight experiments (Engelbreth-Iolm, 1948).

Experiments on this and similar lines are urgent and must
be anticipated with the highest interest,

Experimental therapy of leukemia will not be discussed
here, since we shall in the course of our symposium hear
several papers on chemotherapy in man and ammals. 1
shall confine myself to directing your attention to the very
interesting experiments 1n recent years on the infection of
tumour-bearing ammals with various viruses, particularly
neurotropic ones, which will kill tumour cells when growing
mn them (e.g. Moore, 1951). Most of the experiments were
performed on tumours other than leukmemias, Turner et al,
{1948) reported, however, that vaceima virus has aninhibitory
effect on AK leukzmia mn the mouse. Quite recently Southam
and Epstein (1953) examined the effect of several viruses on
AK leukzerma. They found that the Russtan spring-summer
encephalitis virus inhibited leucocytosis and organ infiltration,
The survival time, however, was not affected. Five other
viruses showed shight anti-leukemic action whereas nme virus
strams were meflfective

Further experiments on this line mught be of interest,
plban-k expoareste] thoree - "

HE 1 N
tumour cells and the corresponding normal cells  Almost all
therapy of leuk®mias and other tumours (apart from surgical
therapy purporting to remove tumour tissue from the
organmism) attempts to kil tumour cells, whereas a rational
therapy should aim at restoring the abnormal cells to normal
conditions.

This leads directly into the Jast but not least mmportant
field m which ¥ think future research should be conducted.
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Our knowledge of the factors regulating the normal produc-
tion of the cells, which in leukzemia proliferate in a tumorous
way, is rather scanty, and we know little or nothing about the
factors which are necessary for the normal differentiation of
blood eells and which are absent or defective in the leukzmias.

One single factor—vitamin By,—is known from research
on pernicious anzmia to be fundamental to normal differentia-
tion, not merely of the erythrocytes, but of all marrow cells.
There may be other, hitherto unknown factors, which are
lacking in leukemias.

In 1940, Nettleship reported that extracts of marrow
and leucocytes are inducers of leucocytosis, and in the same
year Menkmn published his first paper on a factor liberated
from injured cells 1n exudates capable of inducing a leuco-
cytosis i animals. Ie further developed this observation
(Menkin, 1948), and 1t 1s of particular interest to our present
issue to notice that he says: “it seems as if repeated sub:
cutancous 1njections of the leucocytosis-promoting factor of
mflammatory exudates, when repeatedly administered to
expenimental leukemic mice, induce a shift in the differential
leucocytic formula with a concomitant nise mn the percentage
of mature polymorphonuclear leucocytes occurring in the
arculating blood.”

If tins hypothesis were substantiated 1t would be highly
mmportant. Any ease whatever of increased differentiation of
tumour cells requires our urgent attention smee the most
obvious feature in malignant tumours seems to be a defective
or even lost differentiation. .

Cases of splenogemie marrow inlibition may also be

les of absent diffe 1ation factors. Johansen (1930)
put forward the hypothesis that splenic anemia and
other nstances of splenic marrow intubition might possibly
be explained by assuming a factor necessary for the normal
development of the different cellular elements of the marrow,
this factor being absorbed by the reticulo-endothelil elements
of the enlarged spleen and thereby depriving the marrow of
the factor. In tissuc-culture experiments lte actually found
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some evidence of the presence of tiis otherwise unknown
factor.

Every single indication of factors which scem to be of
importance 1 the production or differentiation of bone-
marrow cells deserves careful investigation 1n animal experi-
ments, and as far as possible in tissue cultures, In the study
of white blood cells the tissue-culture techmque has hitherto
been of only minor importance. It should be possible to
develop more refined and rehable techniques by which to
vestigate these cells as well as their normal or abnormal
precursors.  Factors necessary for differentiation, and the
effect of amino-acids and other food constituents could be
evaluated 1n far more detail than in ammal experiments.

It seems essential to ncrease our knowledge as to the
normal develo of the p of the white blood
cells. YWithout achieving this the danger s that we shall have
only small suceess in interfering rationally with the diseased
cells of the various leukzmias
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Our knowledge of the factors regulating the normal produc-
tion of the cells, which in leukemia proliferate in a tumorous
way, is rather seanty, and we know little or nothing about the
factors which are necessary for the normal differentiation of
blood cells and which are absent or defective in the leukemias.

One smgle factor—vitamin B,,—is known from research
onp ia to be fund 1 to normal differentia-
tmn, not merely of the erythrocytes, but of all marrow cells.
There may be other, hitherto unknown factors, which are
lacking n leukseemias

In 1940, Nettleship reported that extracts of marrow
and leucacytes are inducers of leucocytosss, and in the same
year Menkin published his first paper on a factor hberated
from mjured cells m exudates capable of ind z a leuco-
cytosis m amumals, He further developed this observation
(Menkin, 1948), and it is of partjcular interest to our present
1ssue to notice that he says: “it seems as if repeated sub*
cutaneous 1njections of the lencocytosis-promoting factor of
inflammatory cxudates, when repeatedly admmistered to
experimental leukemic mice, induce 2 shuift wn the differential
leucocytic formula with a concomitant rise mn the percentage
of mature polymorphonuclear Jeucocytes occurring in the
circulating blood.,”

If thus hypothesis were substantiated it would be highly
mmportant. Any ease whatever of ncreased differentiation of
tumour cells requires our urgent attention smce the most
obvious feature m malgnant tumours seems to be a defective
or even lost differentiation,

Cases of splenogente marrow mhlbmun may also be
examples of absent differentration factors. Johansen (1950}
put forward the hypothesis that spleme anemia and
other mstances of splenic marrow nhibition might posstbly
be explained by assuming a factor necessary for the normal
developnent of the different celiular elements of the marrow,
this factor bemg sbsorbed by the reticnlo-endothehal elements
of the enlarged spleen and thereby depriving the marrow of
the factor. In tissue-culture expertments he actually found




THERAPEUTIC CORRELATION BETWEEN
MOUSE AND HUMAN LEUK/EMIA*

JOSEPH H. BURCHENAL

Tums afternoon I would Jike to discuss with you the correla-
tion between mouse and human leukemia. Furth, Ferris
and Reznikoff (1) have demonstrated that almost all forms
of human leukemia may be mimicked by mouse leukemia,
with the possible exeeption of the small cell chrome lympho-
eytic leukemia. Today, however, I would like to consider
with you the biochemical correlation between human and
mouse leukzmias in their response to treatment. Those of
you who are clinicians do not necd to be reminded, I am sure,
of the great differences in regard to response to chemo-
therapeutic agents which can occur between two patients
with acute leukzemia whose disease morphologically appears
to be identical.  Sumlarly, mouse leukmmias are not all
1dentical biochemucally and their response to differing agents
vanes as much as i the human leukzmas. The responses
of human leukemias to the conventional agents are well
known; and simlarly the effect that may be produced on
most of the well-known transplantable stramns of leukenua
by conventional agents has been studied. Today I propose
to consider some nme physical and chemical agents which
are useful mn the treatment of leukamia 1n man and show the
correlation between human and mouse leukzmras 1n regard
to these agents.

In discussing the effects of physical and chemical agents
which inhibit leukzemias 1n mice and man, one must rely to a
Jarge extent in mice on the data gamed from vanous lines of

wFsom the Chemotherapy Service, Memonal Center for Cancer and Alhed
Diseases, the Division of C

lmm;l:'erzx::i Sloan-Kettering Drvusion of Cornell University Medea College,
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The important point js to have some way of piching up
agents which will be useful in the patient. We are not
interested in curing mice. If we were, we would not have
given them the lenkemia in the first place,

In the correlation between cell type and response to
chemical agents, the generalization can be mnde that the
chrome myelocytic types of leukamia showing many pro-
mycloeytes, myelocytes, metamycloeytes, ete, in both
mouse and human leukemias will respond to one group of
agents; whereas the more ncute stem-cell lenhwmias will
respond to another group. Deyond this, however, the class-
fiention according to morphology breaks down. In hoth
patients and in mice two acute leukmmias having similar
Alininal teme indictinmuchabla mammbalacianlly and snsgioe

that 1n the future, human laukemias, particularly of the acute
type, will be clasaified more and more according to their
biochemical characteristics, as shown hy thew response to
chemotherapeutic agents, and less by their morphologieal
charactenistics, on which 1t 1s often hard to get three morpho-
logical haxxmatologists to agree.

In man, X-ray 1 a valuable form of therapy in the chronie
myelocytic and chrome lymphoeytic leukmmuas. It has
generally been thought that although 1t increased the useful
and comfortable hfe of the patient, 1t did not nerease s
K;\ctunl survival, but recent figures from Osgood (8) seem to
}mdlcate that regularly spaced titrated doses of irradiation
may cause actual increase in survival time as well. In chrome
myelocytic leukemia, radiation therapy either by localized
X-ray over the spleen, total body spray, or by the oral or
mt: use of rad phorus remains the most
thoroughly studied and most widely employed form of
therapy, but it obviously can he employed only in it 1on
with qualified radiologists

In mce, Furth and Kabakpian (4) showed a definite increase
i survival time with Line A85 transplanted leukzmia
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transplanted lcukxmia. To quote from Kirschbaum’s
excellent review of rodent Jeukamia (2):

“It must be recognized that the transplanted leukemia is
quite different from either the induced or spentaneous
discase, in that the cells of the leukemic animal did not
undergo their malignant transformation in the host, but
arc the progeny of cells which were malignant when
mtroduced.

. Although delaying or inhibiting the development of
transplanted leukemia by instituting treatment within
one to four days after transplantation may have signi-
ficance, and although drugs demonstrating this effect
have usually had the greatest effect upon human lesions,
it must be recognized that mmhibiting transplanted mouse
leukemia is a far ery from fully treating sp
mouse leukemia, not to mention human leukemia.”

Wlulc I ugree thoroughly with the revieswer that there is 2
tr T between t lanted and sp
or induccd leukama, stll I would like m thus short discussion
to show that even in the transplanted leukema there is
good correlation with the human disease in respect to response
to therapeutic agents. The reason for using transplanted
leukeeria s that it lends rtself much better to large-scale
screemng studies; reproducible results ean be obtamed re-
peatedly on relatively small scries of mice, and much less
time and smaller ammal colomes are needed for such ex-
penments.

From the practical pont of view of the chemotherapist,
the important factor 1s the correlation between the response
of human leukzmas and any other experimental system. It
xs not re'llly important whether or not the experimental

bles human lenk hol lly. In
fact, 1if a b’wtenal system eould be dxscovcred which would
show a very close therapeutic corrclation with human
leukwemia, because of its snmpllclty it “uuld be much more

valuable than any mouse k prog
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also noted by Law in 18 eases of spontaneous leukemia in the
€58 and R1L inbred strins of mice (15},

There are several useful agents that can be considered m
the group of alkylating sgents. The first of these to be used
was the nitrogen mustard, methylbis (B-chloroethyl} amine,
known by the code name HIN2. Tts use stemmed from wartime
research of the Chemical Warfare Serviee on the tove effects
of these vesicant ngents on the bone marrow and Iymphoid
tissues (16, 17, 18, 19). In patients with chronie myelocytic
feukemaia, remisstons lasting from one to s1x months may be
achieved by a course of HIN2 therapy and this may be repeated
several times. Renussions may also be achieved in chronie
lymphacytic leukemia, tut no benefictal effeets can be
expeeted in patients with acote stem eelt leukaemia (20).

The mtrogen mustards have alse shown defimte effects
chloroleuhemia 1894 sn the AK mice and ta a lesser extent in
the lymphod leuksemia 9321 {13)  The lymphosarcoma
GCITED was inhibtted by the wnjection of zen 3
m either intact or adrenalectomzed animals by the adminis-
fration of the mustards—a fact wiich tends o show that this
effect 55 not medsated through the adrenals (21).

Triethylene melamme (TEM) causes remissions in the
chromie leukemas i much the same way as the mtrogen
mustards, but has the advantage that it causes httle or no
nausea and vomting and may be given by mouth as mam-
tainance therapy {22). TEM appears to act in mouse lewkema
n a fashion similar to the nitrogen mustard HN2 and causes
an wmcrease m survival fime m AK4 leukserma in the AKR
strmn {23} and inhiubits growth of the 8-azaguantne resistant
vanant of L1216 1 the DBA stram (24)

In a report ongmally submitted 1w 1942 and pubhshed 1n
1943, Heilman and Kendalt showed that cortwone had a
markedly whiutory effect on the growth of a transplanted
lymphosarcoma and would even cause TEMPOrary regressions
of tumours which had grown to 30 per cent of the total
weght of the mouse (25) When the tumours returned,
however, they were completely refractory to further eortisone
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which were irradiated by the use of a radium source. Similarly,
Kirschbaum et al. (5) have shown that in the F strain of mice
at least a 50 per cent increase in survival time could be
obtained 1n Line 15 myeloid leukamia by irradiation,

Of the chemotherapeutic agents available for the treatment
of chronic myelocytic leukmemia, arsenic was the first to be
employed by Lissauer in 1865 (6). When given orally in the
form of Fowler’s solution, this compound will produce definite
remussions in the early stages of the disease (7). Its admini
tration, however, is often accompanied by nausea and vomit-
g and for this reason cannot be tolerated by some patients.
Many strains of leukemia can be ihibited by potassium
arsenite. Among these are leukaemia 106 in the AK mice (8),
and myeloid Lines 15, 686, RE, and 86 in F stramn mice (5).
Line I tn the C58 mice is also inlibited by this agent (9).

Chnically, benzol has been employed extensively by
Kalapos (10) and Koranyi (11) who reported excellent results
in the treatment of the early stages of ehronie myeclocytic
leukzemia, This compound was shown to be a highly effective
agent in increasing the survival time of AK mice with chloro-
leukeemia 1394 and myeloid leukzemia 106 (8), and also caused
some ncrease 1n survival in Line 15 of myeloid leukzemia in
the F stramn (5), and in Line I 1n C58 mice (9). It had no
significant effects mn myelord Line 686, RE, or 86, or lymphoid

Line 291 1n F muce (5), or lymphoid Lines 1032 or 1630 in AK

mrce {8).
The abihity of urethane to cause remissions in patients with
chronie leuk was first d rated by Paterson ef al.

1n 1946 (12). The oral admimstration of two to four grams
daily of urethane induced remussions 1n a high percentage of
these cases. It has also been reported to have a beneficial
effect on patients with multiple myeloma and plasma cell
leuksemia. Urethane has been shown to cause a prolongation
of survival time in certain forms of mouse leukzmia, such as
myclod Lines 15, 686, and RE in the F strain (5), chloro-
Jenkerma 1394 in AK mrce (13, 14), and in Line I (9) and
Line 825 (15) i the C58 mice. Definite palliative effects were
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the hormones docs not develop and the patients may be
maintained for long periods of time on hormone therapy
alone. In the chronic myelocytic leukmmia, however, there
seems to be no beneficial effect from cortisone and there are
many investizators who feel that in the granulocytic
leukemias of either the acute or chronic variety and 1n the
monocytic leuhremias, ACTH and cortisone are actually
contra-indicated.,

The folic acid ponists, Aminopterin and Amethopterin,
were [irst successfully used in the treatment of leukemia by
Farber ¢t al. (36) in 1948 in the trentment of children with
acute leukemia, Folie acid and citrovorum factor, its
biologically more active counterpart, are vitamins necessary
for the growth and maturation of normal erythroid and
myeloid tissue of the marrow. Fortunately, from the point
of view of the chemotherapist, they are even more necessary
for the growth of the cells of some forms of acute leukmzmia.
The antagonists of folic acid, such as Ammopterin and
Amethopterin, differ from folic acid matnly by the substitution
of an amino group for a hydroxyl group 1 the 4 position of
the pteridine ring  Treatment with either of these agents
causes a relative deficiency of citrovorum factor throughout
the body which specifically damages certain types of leukzemic
cells. By treatment with a folic acid antagonist, good hemato-
logical and clinical remussions, 1 which the child returns
temporarily to normal health and i which the marrow has a
total of 30 per cent or less of lymphocytes and blast cells,
ay be obtained in 30 per cent to 50 per cent of cluldren with
acute leukemia. In a complation of reports of the treatment
of 425 children with acute leukemia reported at the Second
Conference on the Folic Aerd Antagomsts (37), 68 per cent
were considered as having been improved by therapy (88).
Tn our own series (89), 44 of 119 children, and one of 36 adults
with acute leuksemi peri d good | logical and
climeal after with Amethop or other
related folic acid antagonists. It 1s important to note at this
time that only 37 per cent of the children responded to this

s

1oUx nes
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therapy. Other investigators have since demonstrated the
shibitory effects of adrenal cortical extracts {26, 27), corti-
sone {28}, and Comy 1 F (28) on transplanted and spon-
taneous leukemias in the €58 and RIL (AKR) strains of
mice, transplanted leukemia of rats, and transplanted
lymphosarcoma of mice. In other lines of leukmemia, large
doses of cortisone have been shown to deerease the leukemic
infiltratron and to lovwer the white count, but because toxic
doses of the comy d were 'y to hold the leukemi.
in check, there was no increase in the survival time of these
mice. In other strains absolutely no beneficial effect was
noted, even at toxie doses of the drug (29).

The treatment of Jeukemia with the hormones, ACTH and
cortisone, was fiest reported by Pearson et al. (30, 81), and
Farber et al. (32). A summary of the mvestigations conducted
throughout the country was given at the Second Chnical
ACTH Conferenee (33). In 80 of 175 children, and 14 of 60
adults with acute leuksema, good chinical and hematological
remussions were achieved. These remussions were charactenized
by a fall m the total leucocyte count to normal levels and a
return of the marrow in most cases to s relatively normal
functioning state. In our experience, such remssions were of
relatively short duration, lasting one to twelve weeks, could
not be repeated in adults, and could be repeated only a second
time in children. Some mvestigators, however, have reported
oceasional third and fourth responses. As with all other
agents used in the treatment of acute leukerma, resistance
develaps also to the hormones; and resistance to cortisone 15
ususlly associated with resistance to ACTH and vice versa,
On the other hand, there does not appear to be cross resistance
between the hormones and the fole acid antagomsts or
mercaptopunne {84).

The hormones are also useful mn the treatment of chronie
lymphoeytic leukaemia (30), particularly in those cases where
there i1s an assoctated thrombocytopenia or hemolytie
anemia. Pearson ef al (35) feel that in chronie lymphoeytic
leukeenua, 1n contrast to the acute leukmmia, resistance to
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the hormones does not develop and the patients may be
maintained for long periods of time on hormone therapy
alone. In the chronic myelocytic leukwmia, however, there
seems to be no beneficial cffect from cortisone and there are
many investigators who feel that in the granulocytic
leukzemias of either the acute or chronic variety and in the
monocytic leukremias, ACTIL and cortisone are actually
contra-indicated.

The fohe acid gonists, Aminopterin and Amethopterin
were first successfully used in the treatment of leukemia by
Farber ¢ al. (36) in 1948 in the treatment of children with
acute leukemia. Folic acid and citrovorum factor, 1its
biologically more active counterpart, are vitamins necessary
for the growth and maturation of normal erythroid and
myeloid tissuc of the marrow. Fortunately, from the point
of view of the chemotherapist, they are even more necessary
for the growth of the cells of some forms of acute leukena.
The antagomsts of folic acid, such as Aminopterin and
Amethoptern, differ from folic acid mainly by the substitution
of an amino group for a hydroxyl group 1n the 4 position of
the ptendine ning  Treatment with either of these agents
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logical and climeal remissions, in which the cluld returns
temporarily to normal health and in wiich the marrow has a
total of 30 per cent or less of lymphoeytes and blast cells,
may be obtatned 1n 30 per cent to 50 per cent of children with
acute leukzzmia. In a compilation of reports of the treatment
of 425 children with acute leukema reported at the Second
Conference on the Folic Aeid Antagomsts (37), 68 per cent
were considered as having been improved by therapy (88).
In our own senes (39), 44 of 119 children, and one of 36 adults
with acute leukemua, expenienced good hzmatological and
clinical remissions after treatment with Amethopterin or other
related folic acid antagonists. It 1s important to note at this
time that only 37 per cent of the children responded to this
s
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drug and that many with what appeared to be morphologically
identical discase did mot respond, so that in children with this
diseasc morphology may give no indication of response to the
folic acid antagonists.

The folic acid antagonists have been studied in many
strains of transplanted leukeemia in mice. Responses have
varied from no effect in chloroleukemia AK 1894 (40) and
myeloid Line X in the F strain (41), lymphomas 1 and 2 in
strain A mice (42), and L1858 in DBF, mice (42); to slight
effect in myeloid Lines 15, 686, and 765 in F mice (41); to a
doublimg or tnpling of the survival time, as scen 1 AK4
leukamia (43); marked inhibition of growth of subcutaneous
tumour masses and ncrease of survival time in L1210 in
DBA mice (42); to frequent complete cures in Line I in the
C58 mice (9).

Another antimetabolite, 6-mercaptopurine, has recently
been shown to be useful in the treatment of acute leukemia
in both mice and patients. The synthesis of mereaptopurine
was a result of a ten-year study of possible antagonists of
precursors of nucleic acid by Ihtchings, Ehon, et al. (44, 45,
46, 47). In the studies on Lactobacillus caset, 6-mercay ne
was demonstrated to be a purine antagonist although studles
1 animals have not shown that either the toxic manifestations
or the anti-leukazmic effect of this compound ean be reversed
by sinple purines The anti-tumour effect was first demon-
strated by Clarke ef al (48) 1n Sarcoma 180 in mice, These
investigators reported that mercaptop not only inhibited
the growth of Sarcoma 180, but actually caused complete
tegression of up to 30 per cent of such tumours, With this
compound again there 15 a marked range suseeptibility
among the various strans of leul The AK4 leu}
which 15 so susceptible to treatment with Amethopterin 1s not
affected in regard to survival time, but with very lgh doses
of mercaptopurine a defimte leukotoxic effect 1s notcd on

the leukemic cells, with reduction in count. Line I, which s
also very sensitive to Amethopterin,is relatively unaffected
by mercaptopurine alone, but I/A (2 vaniant of Line I which
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has been made resistant to Amethopterin by many passages
through treated animals) is quite sensttive to mercaptopurine
and considerable increase in survival time may be achieved (9)
Both Amethopterin sensitive and resistant variants of L1210
in the DBA miuce are susceptible to mercaptopurine (9, 40)

Thus drug will produce clinical and hmmnto]og:cnl remissions
in acute leuk in children and ionally in adults (50,
51) i both previously untreated pattents and those whose
disease is resistant to Amethopterin and cortisone, but at
least three weeks of therapy and often up to eight weeks are
needed before these rermssions are achieved, In 68 cluldren
with acute leukeera, hematological and clinieal remissions
were nchieved 1n 29 children (16 new, 13 previously resistant
to cortisone or Amethopterin).  Partial remissions with
considerable chinical benefit and improvement in the peri-
pheral blood occurred in 14 (five new, nine previously resistant
to Amethopterin or cortisone}, and 25 were considered falures
(nine new, and 16 previously resistant to Amethopterm or
cortisone) In 40 aduits, !’\e hematological and chmeal

i sIX partial r and 29 failures were re-
ported. Remussions in such patients last from one to more than
nine months, and patients who become resistant to mer-
captopurine may still respond to the folic acid antagonists
or to ACTH and cortisone. This compound 1s useful, not only
mn treating the acute leukemias of children and adults,
(mcluding the monocytic vartety), but also chronic myelo-
cytic leukserma. It also appears to have a unique therapeutic
quality mn that 1t has some very temporary beneficial effect
even in the terminal acute stage of chronie myelocytie
leukeermia, This particular stage has been unaffected by all
other compounds previously used wn the chemotherapy of
leukeemta.  In our experence, it is without beneficial effect
in chronie lymphacytic leukemia,

In addition to the fact that various strains of transmitted
mouse leukemia will respond to each of the mine different
agents therapeutically active against human leukenua, there
1s & close similanty between the acute leukemias of man and
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mouse in their ability to develop resistance to chemothera-
peutic agents. Heilman and Kendall in their original report
(25) noted that the lymphosarcoma which was initially so
sensitive to the inhibitory effects of cortisone eventually
became wholly resistant to this drug. The development of
similar resistance in patients is all too familiar to clinical
hematologists, Swartz and Robbins (52) demonstrated the
ability of chloroleukemia AK 1394 to become resistant to the
effects of benzene. It has long been known in patients with
chromic myelocytic leukemia that although benzene is
beneficial in the early stages, eventually the disease becomes
totally refractory to such therapy.

The development of resistance to the folic acid antagonists
has been studied in great detail (53, 54, 55, 56). In both
mouse and human leukamia, resistance eventually develops
to these agents and there 1s complete cross resistance between
all the 4-amino antagonists of folic acid so far studied. There
is no cross resistance, however, to 6-mercaptopurine or corti-
sone in erther species (9, 51, 57). Resistance to 6-mercapto-
purine develops in both mouse and human leukzmias and
here there 1s no cross resistance to the folic acid antagonists
(49, 58).

In closing I would ke to emphasize that strains of trans-
planted mouse leukzmia exist which will respond to every
agent effective agamnst chinical levkeerma. No one mouse
leukena will respond to all the various agents any more
than will any one type of human leukemia. In the acute
leukzemias in particular all the varations in responsiveness
to the folic acid antagomsts, the purine antagonists, and the
steroids which are noted 1n the clinte are also seen 1n the mouse.
TFhere 15 often similarly i both speeies a lack of correlation
between the morphology of the leukemic cell and its bio-
chemical properties as reflected 1n its response to chemo-
therapeutic agents.

Two agents of ¢onsiderable value in the treatment of clinical
leuL’nmxa have been discovered through the use of mouse

1 and lympl comas. These are cortisone and
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triethylene melamine. The anti-tumour effect of 6-mercapto-
purine was first noted against Sarcoma 180, but the effective-
ness of this compound was subsequently demonstrated on
mouse leukemia before elinical evaluation was begun.

The value of a screening technique depends on its correlation
and 1ts simplicity and economy of time and effort. If bacterial
or protozeal systems could be found whose response to
chemotherapeutic agents closely paralleled that of human
leukserma, they would be preferable to mouse leukemia
because of the simplicity and y of the i
involved. No such correlation has been discovercd as yet,
however, and therefore because of the close correlation which
does exist between mouse and human leukema in regard
to response to therapeutic sgents, I submit that transplanted
mouse leukemua is today the best experimental tool for
studying the complex problems of the chemotherapy of
leukemia,

\ s . N . .
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THE SHORTCOMINGS OF
ANIMAL RESEARCH IN LEUKZMIA

M. C. G. ISRAELS

ANY clinician who works in & department mainly interested
in blood diseases has become conscious of the increasing
frequency in his clinics of patients suffering from leukzmia.
Part of this increase is undoubtedly due to better diagnostic
methods; many cases formerly dismissed as ‘‘refractory
anxmia” or “aplastic or aregenerative anemia” will nowa-
days, after fuller investigation, be classified as leukemia.
Making a correct diagnosis is not nccessarily a matter of
academic tidiness, 1t has an influence on the methods we use
m attempting to control the disease.

I think it is fair enticism to say that although it is over
twenty-five years since the transmssibility of mouse leukzmia
was established, the chmaan, batthng with the tragedy of
human leukemia, hes derived hittle benefit from the immense
amount of work that has been done, and the money expended,
on the study of mouse and fowl leukemia. Such new methods
for the treatment of leukzmia as have emerged are not due
to animal researches. Experimental mouse leukzmia is now
used for “screening” new mitotic poisons, but the orginal
stimulus for the use of such materials came from drrect
studies on human subjeets, even the results of screening have
to be treated with great reserve; 1t cannot be deduced that
because a compound appears safe and effective in the control
of mouse leukzmua that 1t will be equally safe and effective,
or even effective at all, in human leukzmia of an apparently
corresponding type.

The use of nitrogen mustards and the analogous compounds
smee developed sprang from the observation that the prepara-
tion of this substance as a war gas caused leucopenia in

26
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exposed workers. The use of folic acid antagonists comes from
observations on the leucocyte-stimulating properties of folic
acid in states of malnutrition—and 1t is worth recalling that
studies on rodents had given no hint that folic aaid would
have such a startling effect on human megaloblastic anzmia.
{The work done in Prof. Witts’ department on blind-loop
anzmia in rats came later.) The use of cortisone in human
acute leukemia owes nothing to research in mouse leuhamia;
in fact, 1 am not aware that results analogous to those seen
in human leukezmia have been obtamed in experimental
mouse leukzmia.

The mmportant facts that have been learnt from the
voluminous studtes on mouse leuk®mia are briefly these:—

1. The genetic make-up of the host influences decisively
the susceptibility to a transmutted leukserma. This nherited
susceptibility 1s often extraordmarly himmted and may only
be effective when one particular strain of leukzmia 15 trans-
mutted,

There 15, however, httle evidence that heredity 1s of any
practical importance in human leukzmia. Some leuhemie
farmilies are known, and 1t 1s odd that most of them have been
found in Denmark by one worker (Videbaek, 1947). Although
most chmeians know about this possibility and are on the
look-out for other cases in the family, physicians outside
Denmark have little to report. e have seen some 600 cases
of leukzmia 1n Manchester in the past twenty years and, 1f
Videbaek’s d of fanmhal had
we should have seen some 48 patients with at least one other
member of the family affected. In fact, we have seen none

2 Exposure to doses of X-rays or other 1onizing radiations
sufficient to put the blood-forming tissues out of action for a
time greatly the pubility to t ed
leuksemia 1n the mouse, Here there 1s some evidence that
exposure to 1omzmg radmation can increase the incidence of
human leuk@ma. radiologists seem to be more hable to
leukerma than other doctors; an ereased mncidence of
leukmia has been reported 1n the surviving populations
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exposed to afomic explosions in Japan. But here again, this
factor can hardly be of practical importance in the majority
of eases of buman Jeukemia.

3. The third fact concerns the changed properties of the
leukeemia leucocyte. Furth (1951) and many others support
the hypothesis that the essential change in leukserma resides
in the leukmmia cell and consists of an acquired inability of
mmature leucocytes to respond to forces normally regulating
therr proliferation and maturation. “The change,” Furth
says, “is essentially that termed neoplastic; the end-result
is a new type of cell with a wide range of fixed abnormalities
as concerns behaviour and appearance.”

Now every clinician is familiar with cases of lenkzmia that
seem to exhibit this fixed property of immature leucocytes;
the case is usually one of acute leukzmia, there are numerous
myeloblasts—or other i e cells—in the peripheral
blood and bone marrow; the course is little influenced by
treatment, and at post-mortem much infiltration of the hver,
spleen, lymph glands and other organs is found. In trans-
mitted mouse leukenma, Engelbreth-Holm (1942) has pointed
out in what a large proportion the disease 15 1n an aleukemic
phase for much of its course; in human acute leukzma too,
this feature 1s common, In transmitted mouse leukerma the
cells remain fixed in type, but tissue culture methods applied
to human acute lenkzrmas show that these cells are not
fixed 1n type. My onginal idea was to obtain tissue cultures
of human leukeme leucocytes from bone marrow so that
therr properties could be thoroughly studied. Although I was
careful to choose patients whose marrow contained pre-
domrmantly primtive cells—say myeloblasts with no detect-
able myelocytes on the smears—I always ended up with 2
culture contamning myelocytes and not myeloblasts, so I could
no longer be sure that the cells differed from normal (Israéls,
1940). These results were reproduced some years later by
Hoogstraten working 1n Sir Lionel Whitby’s department.
Engeibreth-Holm has suggested as an explanation that some

cases of human leukzmia may not be “fully neoplastic”—
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but such an explanation does admit that mouse and human
leukzemias may not be so analogous as they seem.

In recent times the piece of new knowledge that is most
striking to the clinieian is the fact that it has proved possible
to induce a remission 15 some pallcnts with lcul\mmm by
giving cortisone. 8y in leuk has
been kngiwn for many years, especially in clildren, and such
remissions may last for some months—the longest I have scen
is five months. During the remission it may not be possible
to detect, from blood or bone marrow, that the patlent has

ever had leukemia, Instances of are
known in both animal and human tumours and :hc existence
of sp in leuk cannot be quoted as

evidence against the neoplastic theory of leuksermuia. But the
cortisone-induced remissions |n human leukzmia are not, in

my opinion, idental T they occur
too frcquently and the pattem 1s different. Most of the
prolenged and plete cortisone thnt we have
seen occur in the leuk lympt k. of

children. This condition often presents chmcall} more hke
an aplastic anzzmia than a leukzmia: the child is anxmue,
there may or may not be moderately enlarged lymph glands
and spleen; the leucocyte count 1s low and there 15 a variable
preponderance of mature lymphocytes; marrow puncture
shows a cellular marrow, most of the cells bemng lymphocytes
in various stages of matunty, but there are only few lympho-
blasts. The onset of a cortisone-induced remission 1s usually
signalized by a rise m the platelet count, followed by a rise
in the leucocyte count and the appearance of a more and
more normal differential white cell count There may be a
concomitant nise of reticulocytes, and lastly the hemoglobin
and the red cells nise to normal levels. Bone-marrow exammed
at this stage will show quite a normal active picture, Once
the remussion is induced, it does not scem to matter whether
cortisone 15 given or not; it seems to have hittle mnfluence on
the occurrence of relapse, and 1n our experience, as 1n that of
others, relapses are much more hkely to be resistant to
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treatment. Qut of 45 cases of acute leukemia treated with
cortisone, we have seen 17 partial or complete remissions
lasting from a few weeks to many months. In other forms of
acute leuksemia cortisone induces only few remissions and
they are rarely complete or prolonged.

Now, so far as I am aware, this effect of cortisone has not
been reproduced in the transmissible lymphatic leukemia
of animals. The effect of cortisone in animal lenkemia,
according to published work (Kirschk , 1951), is to retard
the rate of spread of the disease, but no more. The effect is
much more like that seen in the human condition that I have
called elsewhere lymphoid reticulosis. In this disease the
emphasis is on organ involvement rather than on the blood
changes; the patient has enlarged Iymph glands, especially in
the bd and the medi: and il t of the
liver and spleen, but the peripheral blood shows no more than
a mud anemia and a polymorph leucocytosis. The histology
of the glands shows mfiltration with small lymphocytes with
loss of normal architecture. Quite soon excesstve lymphocytes
accur 1 the bone marrow, but a leukemuc picture in the
peripheral blood comes at the end of the course of the disease.
Cortisone given to these patients merely reduces temporarily
the size of the gland masses without influencing the course
of the disease. In fact, I think that transmissible lymphoid
leukzemia of mce is much more analogous to this human
lymphord reticulosis than to the true leukemias; the human
reticulosis can end sometimes as a true lymphosarcoma, as
the mouse leukemia seems to do,

The fact that cortisone produces a fundamentally different
effect 1n human and transmitted mouse leukzmia confirms
the clinicians® susptcton that the ammal researchers are not
studying a really analogous discase. The important thing to
do now seems to be to find out how carnsone induces these

d tra ble mouse leuk s un-
suitable for this study.

1f ehnicians have been relatively quiet about therr mis-
givings about the value of contemporary ammal research in
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leuhzemia, it 1s for several reasons. One is that the neoplastic
theory answers many of the questions about leukemia and
still forms the theoretical basis for much of the treatment
apphed; another is that it has proved very difficult to get
evidence that human leuk ias are signi ly diff
from the transmissible mouse leuhamias; a third reason 1s
that clinicians have been unable, till now, to point to any
alternative line of rescarch that promised useful results. The
cortisone effect at least suggests an alternative.

The study of mouse leukzzmia, and fowl leukamia, seemed
to have reached an impasse, and the literature suggests
that thesc conditions have been studied in late years more for
the hght they might throw on the gencral propertics of
tumours than for any hope of clucidating the nature of
human leukemia,

1t is, therefore, very encouraging to find that these doubts
have at least spread to some workers in the antmal ficld. These
doubts have come about because of the recogmtion of dif-
ferences between ‘‘dependent” (or d d) and
*‘autonomous” neoplasms—the subject on which Dr. Furth
is to speak this afternoon. Furth (1953) has recently suggested
that there exist grades of leukzma: those with seemingly
normal cells and those with fully autonomous cells. In animals
the only type that has been studied so far is the type in which
the leukzeme cells are fully autonomous, and are capable of
overwhelming the regulatory mechamsms i the host and
proliferating until death of the host Analogous types of
leukzmia do occur 1n man, as I have pomted out, but they
are not common, nor are they the types that we have been
able to influence by treatment, Furth states that i some
human leakemias the cells are “immature but not altered
and may lack autonomy.” And he admits that though such
leukemias do occur 1n animals they have not been adequately
studied

8o the climeian 15 Justified at last and he 1s encouraged by
another aspeet of this problem that fits in with his experence.
This 1s the work of Huggins and his co-workers (Huggns
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and Bergenstal, 1952) which shows that control of the
hormonal environment can prevent progression of dependent
tumours to autonomy. Is this perhaps the way in which
cortisone works in leukemia?

For the first time for many years the clinician sees some
ray of hope that help may come from the study of animal
leukemia. But it is clear that these studies will be so different
from those made so far, that time must elapse before we can
hope to see results.
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DISCUSSION

Wirts Ths di T think should be on the question

of the analogy of expertmental and human leukemeas. Prof, Engelbreth-

Holm did raise 8 number of other issues, but they could perhaps be
postponed.

WmTey: As the result of work in my department, I have concluded

that the case for the malignant nature of leukzemia, and therefore for

[} which erose originally from anomal expenments; my
experience has been much the same as hus, that 6-mercaptopurine is the
only treatment that I have found to have any effect 1n acute monocytic
leukenua m the human subject,

EnoeLsrea-Howsr: Dr, Istaels mentioned that I had said that some

el .
of man which are anal to the mouse
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the frank tumorous cases, Rut it is obvious that some of the clinieal
cases called Jeukamia today ate certainly not analogous ta what we see
n mice. Dr. Israéls in that case used the term leukemua in the wrong
way.

Israkrs: It depends what you mean, doesn’t 1t? From a purely
clnteal point of view, we wouldn’t mind so much what happened to the
relatively few cases with fully autonomons leukemias if only we could
deal with the much larger numbers which don't appear to be sutonomous.
‘The {den of the Lady B to find some means of
Aant e el 4 st -

leukacrma, Thwenty years ago Castle studied the gastric juice in leukzenua
because of some such ton

Hapnow: We are indebted to Dr. Tssagls for bas provecative paper
and point of view, but 1t would be a pity to regard these matters as at
all exclusive  Surely the study of the whole subject would be set back
3 we were deprived of the animal Jenkeimuas, and equally if we were to
obtan no smulation or nformation from the human side.

The case of urethane has always interested me in this connection.
‘The work was inaugurated entirely from the aspect of 1ts action on
ammal and plant cells, and only later did the substance’s interesting
properties seem to justify chnical tnals. These proceeded for nearly
three years before 1ts apphication to human leukermia was detected by
Dr_Paterson

p por that after the expenditure of 50

yutetly as he humself would wish, but as a matter of policy we must
decide to what extent this 1s & crusade, designed to lead to some practical
contribution, I thisk we must welcome information from any field,
human and ammal And as far as the underlying chemieal differences
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‘between normal and leukemic cells are concerned Y fail to see how we
can ever elucidate these from human material alone.

E~cerprern-Hors: Another thing that Dr. Tsraels mentioned was
the work of Dr. Videback on the heredity of human leukemia We are
not convinced that Videbaek is nght. He collected two hundred cascs
of leukeemia and two hundred without leukamia, very similar groups,
and then investigated their familes. If he had only nvestigated the
parents and siblings, 1t would have been all right, but he took in more
distant relatives. If you cut them out, there is no proof of heredity
m the paper.

Law: Considering the h of the human ion, 1t is not

Jacopson: I have a question which in my own mind is basie to the

1

Funra: I should hike to underhne what Dr. Jacobson says, namely
our profound ignorance with respect to the relation of the reticulum to
the more mature hxmopoietic cells. In the neoplastic expertmental
leukemias of ammals, the e myelot and the
Iymphoblast, which multiply without maturation or with hmted
maturation, and the altered cell perpetuates itself in the course of
continued subpassages. But this 15 not the whole story Decrease of

incid y h cannot be caused by
virtue of di ion of adult I , because they live but a
few hours, and 1t seems that a change 1n the thymic reticulum is the key
to the problem of by & and i
prevention by cortisone.

Fagrarys: Have the workers who found an effect of cortisone on
mouse leukermua any proof as to whether it is an effect on the dif-
ferentiated cell or a prevention of the differentiation of the reticulo-
endothelial cells? So far we have found that cortisone has no effect on
antibody-formung cells once they have reached & certain stage of
differentiation; 1t has to be given before the antibody production has
recany started.

1t

.l .
' .
and mouse leukzmmua, mentioned that in mice you get a transplanted
Jeukzmia by graft, but only 1n animals with the same genetic consti-
tution, and in humans you would have to transplant 1t to identical
twins. Now 1in mice you can transplant 1t from one strain to another,
provided that you use new born ammals. To my knowledge no attempt
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has been made to transmit human leukemia to a newbormn baby—
nobody would think of doing 1t—but attempts to transplant leukzmin to
adult individuals have failed. Symularly in mice, attempts to transplant
leukemic cells or blood, to adult mice of a different strain, in most
instances fail also.

Bunen It scems te me that we have two posséble ways of
e 5 L e e T AT -

—tn A o,

LBm‘tcmzNu_: That 13 particularly true of the nutntion of some of

precursors

L T
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treatment of acute leukwmia in children with rohc ncxd antagomsts.
I believe this was based on Farber’s e work o
sarcomas in folic acid deficient rats, and also on \vark ul Lesisohn and

collaborators

L Y\ PSR S Foo e e
L ' '
a
-
' . . .
tion of the disease, For that reason he d the folic acid

rather than folicacid conjugates There 1s no doubt that the Lewisohn ex-

penments led to the folic antagomsts, but in a rather roundabout way.

DE Bruvyy. Because it 1s so difficult to do expertments with patients,

it might be helpful to cultivate the tissues of pattents, The effect of

drugs and rrradiation could then be studied on human tissues as well as
on mouse tissues cultivated in vitro.

Kierer: In spite of the efforts of several investigators we have no

y method for the of human bone marrow 11 t1ro

Only s_urvwal for a hrted period has been obtawned 5o far. However,

'

dividing for two weeks, but how long 1t wll go on I don’t know.

ExerrererH-Hows, Do they differentiate?

KisLer: Yes, but they may stop later on~I don’t know,

Burcnenar: There is evidence of growt)

Kierer: There 1s evidence of growth, mxtasls, and increase in the
number of cells.

WirTs: Dr Bessis, you did some very mteresting work on the study
of remussions n the human being after large transfusions

Bessis: We have the large i but the
results are quite clear  After large blood exchange-transfusion, one sees
30 per cent renmssions, We assumed that there was a maturation factor
m the plasma, but tlus was deﬁmtely not true, becnusc before the

DusTiv. Dr. Burchenal mentioned benzene as one of the agents
capable of being used in the treatment of leuka:ml'al, but I, tl:mk all
. hotipnl. Sl YNPGRS ANy Ao

PRIV
carbons, a carcmogen or not?
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Oneruxa, We found that benzene had no effect on rats even with
very large doses.

Israiirs: I work in an industnal area where there are larpe chemical
works, and benzene is much used 1n the rubber industry. If anyone in
the rubber industry ever gets leuhwmua, immediately this paper 1s
referred to and one hopes to get compensation. We Rave never
able to establish 1t, usually the man has stopped working with benzene
ten, fifteen or twenty years before. It doesn’t seem as if benzene worhers
get leukemia any more than people who work m other parts of the
tactory. The Industrial Health Unit at Manchester has tried to go inta
this matter.

Furtn: Are benzene-induced leukznuas myeloid?

YsraZrs. They are said to be lymphatic.

Furin In spite of o more specsfic action of henzene on the hone
‘marrow?

Israkrs- That 1s smd. But the ones T have seen have oddly enough
been Iympbate, . e

LUK 1A U 13 INPIOSAICOING BL ML 30 1 Liunk LIEEE 13 50me factor
m benzene wiuch stimulates neoplasia, On the other hand, in Switzer-
land, restrictions for benzene workers are very well controlled, we use
1t very hittle  Out of about $30 leuhzzmias we have seen 1h the medieat
department, 8 cases were in benzene workers one gcute myeloblastic
leukemia, one chronic lymphatic, and one chronte myelogenous T
think there is no doubt, if you go through the Literature, that there 13
about nine to ten times more leukamua in benzene workers than in the
normal population

Excererrra-IloLsr It might be 2 good idea to try to accelerate the
development of leukiemias 10 & strain with about 10 per cent spon-
taneous lenkermas It 1s a much more sensitive way of testing than to
produce them 1 @ strain with no lenkemuas, Prolonged treatment in
muce of that kind would perhaps answer the question

Furtu In C57 Black muce, the mcidence of leukenua 1s about
1 per cent, and this can be raised by 1onming irraduations to 5~70 per
cent, depending on the method of adminsstration. Most induced mouse
leukzeiruas originate in the thymus There are, however, strains of mtce
in which jonszing irradiations produce myeloid leukemia, so T would
not be surprised if, with proper selection of strain and technique, the
leuhzmogeme power of benzene could be dernonstrated



THE CONCEPT OF CONDITIONED
AND AUTONOMOUS NEOPLASMS

J. FURTH

ApiLiry of unrestrained proliferation was at one time con-
sidered a distinguishing feature of neoplastic eclls until it
became known that many if not all normal cells are capable
of unrestramed proliferation in tissue cultures. Obviously
there are restraming forces in a complex organism containing
hundreds of different types of cells keeping each within a
wanted limit, as there are specific stimulating forces which,
in case of deficiency, raise the number of these cells to the
desired level. If this phystological h tie (*feedback™)
mechansm 1s deranged, and the balance is steadily tilted to
domance of the prol 1ve forces, a tumour-like growth
may result, Recent experimental studies have disclosed the
existence of several such situations, of which I shall mention
a fewi—

(a) Pituitary & g thyrowd stimulating hor-
mones can be produced by destroying the thyroid and thereby
creating a sustained need for thyroid hormone (Gorbman,
1949). These tumours can be grafted on hosts whose thyroid
1s depressed, and n such hosts they grow, metastasize, and
are as fatal as common cancers, but they cannot be grafted
on normal hosts (Furth and Burnett, 1951). Such eonditioned
tumours can be controiled by admmistration of the physio-
logteal restraining force, the thyroid hormone. Conditioned
t 1f ined, freq ly give rise to gutonomous
cancers which grow 1n normal hosts and cannot be restramed
by thyrod hormone, and are sometumes even stimulated by
it (Gadsden and Furth, 1953).

(b} Similarly thyrod tumours can be induced by blocking
TH synthesis by anti-metabolites, which do not abolish

as
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P of the epithelial cells of the thyroid to the
thyrotrophic hormones of the pituitary which stimulate
them, and this sustained stimulation leads to the development
of thyroid tumours. Such tumours can invade lymphatics
and metastasize to the lung, but can be grafted only on hosts
whose thyroid-hormonal synthesis is similarly blocked. Thus
they are conditioned neoplasms, but, when sustained, they
can give nse to cancers (B: howsky et al.,
1949, Morns et al., 1951).

(¢) Adminsstration of stilbeestrol causes the development of
pituitary tumours which grow in hosts simlarly conditioned
by this ccstrogen but not in normal hosts (Dunning ef al.,
1947).

Using a different technique, Greene (1951) has demon-
strated that in the course of therr development tumours
may acquire autonomy not present at their inception.

VWhile the growth stimulating and restraining forces are
best known in the domain of the endocrines and their target
organs, it can be presumed that the underlying principle
holds for most other cell types, It1s certain that the leucocyte
levels are well regulated 1n normal hosts, and 1t can be pre-
sumed that there are specific forces which stimulate or restrain
their production and regulate their delivery. On the basis of
events with other regulated cells 1t can be postulated that a
permanent disturbance of the homeostatic balance might
result i leuk®mas in which the proliferating cells are
essentially unaltered, and which could be controlled at therr
inception by restoration of the deranged equbibrium of the
regulatory forces

Earher puzzling observations on some leuk®mias can be
explaned by the supposition that they were conditioned
growth disturbances. I shall cite a few.—

{a) Pumitive cells of acute leukzermas of man have been
stated to mature rapidly in tissue cultures, This points to
the presence of a maturation factor 1n the normal plasma,
or to the existence of blocking or restramming factors m
leukzmie hosts. These expertments deserve renewed study. If
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confirmed, they may yreld an assay technique of a physiological
force regulating heemopoiesis.

(b) Scveral investigators studying the metabolism of human
leukmemic cells concluded that premature hzmopoietic cells
from leuksemic and normal hosts behave alike.

(¢} Many hzematologists have pointed to difficulties—even
to the impossibility of distinguishing immature hemopoietie
cells in some leukemias from immature, normal, hemopoietic
cells. The cytological eriteria of malig y do not
apply to immature cells of many leukaemias.

(d) The difficuities of distinguishing between extensive
extramedullary hemopoiesis and chronic myeloid leukemia
m muce are well known. Years ago two associates (Barnes
and Sisman) described their distinctive features, and sub-
sequently we have attempted to obtain a biological differentia-
tion between myeloid leuk s and n lignant extra-
medullary hemopoiesis by means of transplantation studtes
in normal hosts. This proved to be a long-drawn-out work
because of scarcity of available material, the long latency
period of most grafted chronic leukemas, and the natural
occurrence of both conditions in the same recipient strain. It
is regretted that during and after the war other problems
made us lose track of this one. While spontaneous leukemias
ansing mn the high leukamia strain AK proved transplantable
to every young member of the strain, chronic myelod
leukemias ansing 1n the equally inbred RF strain did not. In
retrospect, 1t seems that some of these chromc myeloid
leukanas may have been conditioned neoplasms  Attention
should be directed to those types of chronic leuk@emras which
are not transplantable m the highly inbred stram of origin.
I propose the working hypothesis that if a neoplasm arising
m an inbred strain 1s not transplantable in that stramn it
should be presumed to be conditioned

When 1t was discovered that leukamie cells of inbred
strains of mice are altered cells, and that a single one of them
will proliferate 1n a new host, causing leukeemia, we scarched
enthusiastically for, and studied, graftable leukzmias of
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different types, ignoring warning signs that transplantability
in normal hosts may not be universally true for the leuksemias.
1 was among those who ignored the wiser colleagues who have
argued that what we call a neoplasm or a tumour is a state
in which cells proliferate cither because of alterations intrinsic
in the cells or alterations in the host.

Whether conditioned leukamias actually exist, and, 1f so,
how frequent they are, only future studies will tell. This
hypothesis 1s, I believe, worthy of further special experimenta-
tion. A spontaneous neoplasm can be certified to be condi-
tioned, but autonomy can only be guessed at. Autonomy is a
relative and quantitative and ever uncertain characteristic.

Years ago, when I came to the conclusion that the mam-
mahan Jeukemias then studied were composed of permanently
altered cells, I was dep d by the i\ of this
conclusion, for control of leukzmea, like that of common
cancer, would call for an agent which selectively destroys all
leukzmic cells without harming their normal prototype. The
hypothesis that some leukmmas are conditioned neoplasms
has at least one virtue: it raises the hope that some leukzmias
rmght be controlled by restoring the normal balance, and may
lead to renewal of h-needed h on forces 1
normal hemopoiesis.
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DISCUSSION
Gorer. Dr Furth spoke about fatlure of transplantation 11 an mbred
stram as the eniterton for a conditioned neoplasm, I am not sure that 18
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a proper criterion. Y belu:vc I ean transplant normal bone marrow,
g 1 mice hich I call bone marrow.
" There is another point whwh 1 think is technically. mportant in
scrcem It not that you are !

R A

ous leukzemuza,
the standard
tuluvuls uae L brdiger l.-lll,luU‘lu.
BURCHENA! thmk thm‘. isa very pmnl. Lme 1

focncbasnn =

o Ta Vool

ExceLsreTa-ITory: Did I understand, Dr Furth, that no morpho-
logical ditferences were found between the normal marrow cells and the
Jeukzmic ones?

Fyrrti Some d of cells
with no known cytologieal features wl'uch would enablc them to be

'rom normal

EncELsrern-Hory. Does that mclude the measurements of the
nuclei?

FurTm: Yes,

ExceusreTit-Hows
measured the nueler
prompabhcibin i

: Because wn 1932 Hetherg in Copenhagen
rom dxﬂ‘eren humzm leukmmms and ccmpared

Arley who tried to apply quantum theory to tumour development?
They tlunk that, instead of a gradual change from normal to malignant,
there are three or four or more sudden stepwise changes in the Iife of the
nucleus.

Furtse I have no doubts, on the basts of transplantation studies,
that there are stepwise changes. When you begin with a spontancous
case of leukznua and tmnsplani it from anmial to ammal, you will
find that the latency pentod 15 likely to become gradually shorter,
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forces which restrain that cell? The answer was yes, these cells do not
grovr i the presence of the normal restraining force. - Nevertheless,

chromatin m normal cells lrom that in leukxmic cells, both in mno(lc
and in interphasic nuclel.

Osrruva: Bungeler (Ferh. disch. path. Ges., 1052, 35th Session, p. 10)
has made n very good survey of this subject, and has given many
examples of !umoun which are conditioned and autonomous.

Funere My teview on the subgect (Cancer Res , 1058, 13, 477) cites
many instances contained in Bungeler's carher atticle (Zischr, f.
Krebsforsch , 1051, 58, 72). Bungeler supposes that the majority of
berugn tumours are such conditioned growth disturbances, I agree with
him, and expennments should be directed towards finding out, for
example, to what extent disturbances of calcium and ]‘ihmphoms meta-

bolism can influence wth, or elect
adrensl growth Bungeler's observ nﬂans are based almost exclustvely
on human Fis studies in ammaly

O reminder tor thase wh oy about the wse of animalsin the study
of uman neoplasms.

n " . .

stage of development )
Isuafis- T would have said that it 1s practically mpossible to dif-
ferentiate between things like

and [ think people who say they can are decewving lhemsel\'es So far
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nls l:ve know, if you get a sufficiently priniitive cell they all look exactly
alike,
Excererern-Hors: That is true for the methods hitherto appi.d,
FurTa. There are other matters to be considered, such as the rate of
ltiphcation. If the cell ) rapidly or is overstunulated,
morphological abnormalities may appear.  There are also nuclear dif-
ferences between an cmbryonal cell and 1its adult homologue.
IsraELs: A Iot of histochemical methods have been produced, but if
you put a cell under the mieroscope and ask “Is this a Iymphoblast, a
myeloblast or a monoblast?” 1t's a pure matter of chance what answer
you get. I've tried many histochemical methods for this purpose but
Tnone give better results than properly performed standard methods.
Gorzr: There is also the question of the way they move in tissue
culture. Wintrobe, and I think Lew:s and Rich were able to differentiate
primitive cells in this way.
IsraxLs: Human tissue culture is a very difficult procedure, as every-
one who has tried 1t has found to his cost.” You s0 often end up with cells
you aren’t mterested in.




THE METHOD OF QUANTITATIVE
DETERMINATION OF
FOWL LEUK/EMIA VIRUS

ASTRID FAGRAEUS

Wiex starting the investigations on the distribution of
the leukmmic agent in the cell we were faced with the problem
of how to d ine the virus q tatively in various
fractions. As no serological methods existed, it was obvious
that we had to titrate the infectious capacity and judge the
virus content by the infectivity titre. We procecded in the
usual way for determining +irus infectivity in tissue material
by using tenfold dilution steps in order to estimate the 50
per cent endpomt, according to the method of Reed and
Muench.

When reviewing the literature we found that rather few
quantitative assays 1 this field had been made, and the ones
published did not seem very promising for the application of
the Reed and Muench estimation techmque, as they showed
2 very large spread of infectivity meidence over many dilu-
tions, and usually gave no 100 per cent take in the lowest
dilution. Furth (1932) published some series on the concen-
tration of erythroblastic leukemic agent i whole blood,
washed blood cells and plasma  The test ammals were four-
to five-month-old chickens, and the highest percentage of
takes was 71 4 for whole blood, the titrations showed a spread
over a very wide range, with sometimes a lngher percentage
of takes m a lower dilution. Later, in 1951-52, the Beard
group published rather extensive studies on the dose-response
relationsiip 1 asian ecrythromyeloblastic leukows (Eckert
et al,, 1931, 1952). They used three-day-old chicks and a very
impressive number of ammals in each group. The njection
dose was 0 1 ml. As shown in ther tables, the mcidence of

45
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positive inoculations was spread out over a very wide range,
and a dilution of a thousand timesonly decreased thencidence
from about 60 to 20 per cent. On the other hand, they found
a hnear relationship between dose in Jog ml of plasma and
the reciprocal of the latent period, and that relationship was
useful for the bioassay of leukosis viras. They write that “ne
point of veference has yet been devised, such as the 50 per
cent endpoint employed with many viruses, for comparing
the levels of infectivity of different preporations containing
the erythromyeloblastic leukoss virus™ {Eckert ef al., 1952),

Our experientce after many titration series using different
matenal 1s not quite as negative. We have on the contrary
found it possible to use the 50 per cent endpoint determina-
non.

Material: We used an erythromyeloblastic strain kindly
provided by J. Engelbreth-Holm.

Test anwmals: Five- to eight-day-old chicks from an inbred
Leghorn stram.

Tutratipn® Tenfold dilution steps of the various extracts
and suspensions were made, using in the Inst experiments
10 per cent normal rabbit serum as a diluent. ©+5 ml of each
dilution was mjected mtravenously into five to six chicks.

FPreparation of ccil material: Spleen tissue from Jeuksemic
chickens was cut in small peces, passed through a metal
sereen and suspended in sabpe or Tyrode solution. The frag-
ments in the susp were ehiminated by rep d filtration
through stentte gauze The loose cells were destrayed either in
2 glass homogemzer or m & Warmg Blendor, as indheated m
the Tables. These suspensians are referred to as total suspen-
sions In some expenments the spleen tissue was cut directly
m a Warmng Blendor Centnifugation at 8,500 r.p.m. folloved
of tissue extracts were to be examuned,

Results
Our results shoned noe certain evidence for a seasonal
vartatian, often referred to i earher publications. As van be
further seen in the Tables, we often found a 160 per cent take
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in the lowest dilution used. In some of the experiments,
however, we did not consider it necessary to use the lowest
dilution possible, and thus did not get a 100 per cent mormhty
in the first group. It is interesting to sec how often the in-
fectivity incidence was lugher in a lower dilution group. We
found that this rarely uccurrcd when we were dealing with
virus material homogenized in a Waring Blendor. An uneven
distribution was more frequent when we used cell suspensions
treated with the less cffective cell destroyer, 1¢. the glass
homogenizer. When a rather inhomogencous virus matenal,
such as the so-called nuclei fraction or mitochondra, was
injected the irregular spread of inetdence was quite typreal.

Discussion of results

We have thus found a certain deviation from earler titre
figures published, in that we mostly have a 100 per cent
ncidence 1n the first dilution, #f this 1s low enough. We also
have evidence for !he assumphon that the distnbution of

d 1 the d varies with the material
mjected. This has been shown earlier for whole blood,
but n this case 1t was assumed that the leukemic cells
proliferated 1n the new host We get this uneven distribu-
tion also with destroyed cell matenal, when tins could be
expected to be int What 1 10n can we
find for the difference between our results and those published
by, for example, the Beard group?

1 The virus strans are different. There is tnfer alia a great
difference 1n the mncubation period. The latency time m our
experments 1s only eight to twenty days (Table ITI), whereas
1t varies from twenty to seventy-two days 1n the experiments
of the Beard group

2. The susceptibihity of the host might vary much more in
their experiments. A certain resistance to virus has been
postulated, though Rothe Meyer (1934) pointed out that
resistance could never be found in chickens younger than
eight weeks,
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Table I

Latent Perion arves IsiectioN or Dhiytions oF Virus (Sreex Tuser
Exrtnacr, Exren, 63).

8-5 ML o zace Divvrn 1o Ei Cacrs
Doy after snpectian Dduten
o ELd 1o [l klad 0
1
30 2 4
n 1 1 2
12 2 2 1
13 2
14 2
15 1
18
Positsve out of chicks
iy 16 | oo o6 | 35 ys | o8

8. The dose varies. We mject 0-5 ml. and the Beard group
gwves @ 1. It should be preferable to mject 0-5 ml., as that
duninishes considerably the likelthood of a technical error.

4. The virus matertal used by the Beard group might be
inhomogeneous. There is no certmmnty that the virus is evenly
distributed within the plasrma. They have a long incubation
period and & rather long time elapses from the appearance of
first Jeuksemie ecells 1n the blood to the time when the animals
die. In a later paper the Beard group discusses the fact that
the plasma from chuckens with & very long mcubation time
has a very low wnfectraty titre 1 spite of the fact that the
plasma contains the particles they assume to be virus. They
suggest the presence of some inlubiting matenial i the plasma.

Summary
1. The titration of avian erythromycloblastic virus in five-
to eight-day-old chicks has mostly given cven titration series
permitting the infectivity titre to be estimated according to
the method of Reed and Muench.
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2, Some irregular titration series were found. The connec-
tion between these scrics and the material injected is discussed.
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[Discussion of this paper was postponed until after the paper by
Dr. Thorell.—Ed.]



STUDIES ON THE ENDOCELLULAR
DISTRIBUTION OF THE TRANSMISSIBLE
FOWL LEUKZMIA VIRUS

Bo THORELL

Tuoe primary task when starting our studies on fowl
leukzmia was the localization of the transmussible agent
within the leukemic cell. From earher eytochemical analyses
of blood and bone marrow cells we knew that leukemie cells
exhibit some characteristic properties, for example their
content and distnibution of* nucleic acids (Thorell, 1947).
From the pomt of view of cellular and virus biochemustry
many questions present themselves. For instance, do these
nucleie acids totally or in part belong to the virus {or the
cell)? Do we have two different metabohe systems winch can
be studied separately? If so, we should be able to investigate
the relationship between cell proliferation and virus synthests.

When separating the different structutnl constituents of
the leuk cell 1t 15 impossible to d ination of
one fraction by another. Thus it 1s clear that the determina-
tion of the virus activities in the different fractions must be
quantitative. The paper of Dr. Fagraeus has given you some
1dea of the possibilities of quantitative leukemia virus deter-
rmnation when using our stramn under our experimental
conditions.

As regards the preparation of the leukemic cells, I will
only mention a few points, which are being pubhshed m more
detail elsewhere (Fagraeus and Thorell, 1954).

Fig. 1 shows the crythrolenkotic cells in a smear from
the peripheral blood. Fig. 2 is a section from the greatly
enlarged spleen, the parcnchymn of which is filled with
Jeukeemic cells. Fig. 3 shows a smear from a splente cell
suspension in Tyrode salt solution. Such suspensions were
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freated in o plastic-glass homogenizer at high speed untl
many eclls hiad lost their eytoplasm (Fig. 4. Counting the
etlls and nuclel before and after the treatment revealed no
sigmficant destruetion of nuclel.  After centrifuging ot a
moderate speed a clenr supernatant was obtmned, desinated
the “eytoplasmic fraction.”

Yot comparison, o tatal ccll suspension was homopenired
in a Waring Ilendor at ugh speed. In some expersments s
preparation ealled “nuclei” was made as well by differential
centrifugation.  Hoth this and every cytoplasmic fraction
were also trented in the Wanng Blendot to ensure sitmlarity
of treatment. Of course ofl operations were carried out 1
the cold.

The virus activities in the different preparations were
determined by titrations on eght-day-old clucks.  Dr.
Fagracus has discussed the quantitative aspeets of ths
{Fagracus and Thorell, 1053) Representative results are
given in Table I, which shows that the virus activity of the

Tabte T
LXPERINENT 20

Sedument
Fotat Cytagt Nucted rom
wlls Sraction homaogenized

wp
cent end-

T 0 v TR RTSTI ETOTR Rer

D iy g e 1 508 9 150 9 620 9 480
Tomdant < mi feal 0 430 00333 | 0118 2 190
Tatwt ¥ mg 'ml L{ aoi0 | 600318 0 mem1l o oivas
NP BT 81 91 93
Acnwty 1N 32 1o o1 Ga

£y toplasmic fraction is approxmately the same as the activity
int the total distntegrated cell, caleulated per umt of nitrogen.
As the cytoplasmee fraction is a clear hquld, it is easy to
handle and suitable for further punfication. Table IT shows
that 1t contams comparatively large amounts of pentose
nucleie scids, as determined by a modification of Dische's
cysteine rexctions {Brody, 1953},
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Table JI
ANALYSES OF THE CyToPLASMIC EXTRACT
4 Seh:
Exir. N P g’;:lz:c‘ nld';h‘:{b: PNAPIP, 100
mg jml mg [ml, acd P mg fml reaction
34 0-0206 | 0-0040 0 00139 {~) 35
36 00676 | © 0085 0 00268 (—) a2z

For further studies of the eytoplasmic fraction the method
of absorption on silica or similar substances looked promising
(Pontén, 1954), Table IIT shows an example of absorption
and elution with NaCl and distilled water. A gradient of
pentose nucleic acid was obtained.

Table HI
FracTioNaTion oN Siuca Corvmy (PonNTEN)
—’ Time of ug [PNAP

[ PNAP; v
ctmounal i | WIPNAPY | g i |
Onginal epl-extr. 40 —_ 22 0712 31
Fraction I .. 42 | g0 8 0 430 10
Fraction II (Phys. NaCl) | 20 | 30 6.2 0 109 a1
Fraction IIT (Phiys NaCl) | 23 | 30 11 0 017 65
Fraction IV (aq dest ) s0 | 20 16 0:016 100

Table IV presents activity titrations of these different
fractions. The activity per unit mtrogen shows an increase of
about ten times compared to the onginal cytoplasmie extract.

Table IV

ACTIVITY-TITRATION OF THE FRACTIONS DILUTED TO EQUAL
AMOUNT NITROGEN PER bb. {1 7X107%10)

e ipARI [ LTI | g |t

mg Nimi
cpl evg. . . . 52 214 0/3 o5
¥ractionI . . . 32 1/5 0/5 0/5
FractionIl . . . . 1.]5,0‘2 gﬁ ; //: 355
or. . . / 5
FrcoaIv . . . 160 8/5 af5 0/5

Fraction IV
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Simultancously, the pentose nucleic acids are concentrated
three times,

1 should also like te mention the fractionation of the
structural constituents of the cytoplasm by differential
centrifuging in sucrose media. The cells of fully developed
leukeemia showed a fairly equal distnbution of the wvirus
activity between the “mitochondria™ and the *“microsomes,”
whereas the supernatant contained relatively small amounts
of activity. These results are not yet unequivocal and further
studies are needed.

Tinally T want to stress that results from isolation n bulk
of particular ccllular constituents have to be regarded with
great care and cnticism when discussing the topographical
relationships 1n the single cell, It scems to me, however, that
work along the abowvc-mentioned lines mught offer some
possibilities for studying the interplay between cellular and
virus metabolism.
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ceny

1 mould have thought that redistribution was certam.

chondrial fraction which ¢annot be freed from the virus, whereas
other fractions of the cells he doesn’t find the vitus  But if he takes the
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brains when the animals start to die, then he can wash the mitochondria
free from the virus, and he finds it in the microsome fraction.

Damicrr. If that is your trend of thought, I should like to draw your
attentson to the fact that there is a great deal of work showing that sf
the mitochondria come from really healthy cells, and are prepared
under optimal conditions, one can secure dramatically rapid redis-
tribution of substances dunug the process of isolation.  The simplest
example of this 1s that the mitochondnia of muscle cells will take up
from the eytoplasm, during the process of isolation of the mitochondria,
the whole of the calcium from the muscle. Now if the mitochondria
suffer any slight damage, as may happen due to an imperfect isolation
procedure, or due to an unhealthy condition of the cell before the iso-
lation procedure begns, then this type of rapid transfer of activity of a
substance or of & particle may be completely inhibited. It seemed to me
that since in a procedure hike this you have a cell which is to some degree
ma hol 1 state, the ia under diferent physiological
conditions would suffer different degrees of damage. You have an
enormously difficult task to try and decide what was on the mito-
chondria before 3ou hegan thus fractionation procedure.

FacraEus Why do you expect the mitochondra to be so much more
susceptible?

Dawmierur I think ali cytologists would agree that the mitochondria
are among the first things to show sbnormalties when a cell is gettmg
mto a bad condition.

. Cratcic: What evidence 1s there that your virus 1s complitcly stable
d a

in and nuclear under the
tion? Have you carried out any tests with cytoplasmic and nuclear
fractions from normal cells? Is the virus more labile in one type of
preparation than n the other? Or may ureversible adsorption oceur?

Facraevs. The two fractions were subjected to exactly the same
procedures Dut something we haven’t done 1s to see if the virus could
be adsorbed on so-called normal tissue  This has been done i the
experiments on bram tissue and Theiler virus by Gard and Ostlund,
where they saw that virus matenal eould be adsorbed on normal tissue.
But 1t 15 of course difficult to find a normal tissue matertal whose compo-
sition corresponds to leukiemua, where you have 93 per cent unmature
cells.

Crarcie. Let me put 1t thus way. If you keep the various {mctmm

cell tnntenal as a control, because there were not enough erythroblasts
T think 1f you bleed controls a long time, you get about 80 per cent
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erythroblasts 1a the bone marrow. T think you could make controls
which would be very convincing 1l they were negative.

Facrarus- We have not done that,

Funi: It 14 8 long time since T worked with fond leukosts virus, but
some of the unsolved problems are still present today. One difficulty
encountered was the instability of the virus, particularly in attempts at
purification as one gets away from its “natural” medwum. One of the
problems in titration tests is the choce of n medium which 13 not
dc!'(:cnous.

body were mtroduced 1nto the complex host, one might be able to
wisualize the site of the virus by Tt fs not

that with concentrated virus one could get serological reactions analo-
£ous to those obtained with bacteria  The wirus 13 faitly large, 1sn'tat,
about 50 micrn!

Winngreres Won that apsbat s m nmana Ve bos o o3 b o

an anmal you can cause adsorption on normal matenial or only on the
leukrmie material

Wavsourr Dr. Thorell said he used Tyrode to separate the cell
components. ¥ should have thought that for obtaimng cytoplasmic
fractions of gnod morphological appearance, \f nothing else, the use of
Tyrode would be most objectionable. Is there any obyection to the use
of suerose? Is the vitus less stable in the presence of sucrose?

TuonFLL: We have no fundamental objections to the use of sucrose,
but 1t 15 difficult to wash away and therefore may interfere with the
smero-determination of the nucleic acids  And we are not only interested
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in the disttibution and structure of the morphological components of the
cytoplasm. One of our main intentions was to get some fractions from
the cells which we can study metabohieally with 1sotope methods,

DarceL: I am very mterested in the numbers that you have used in
your titration techmques, Dr. Fagracus,

Facraruvs- There are five to six in each group. If you use this Reed
and Muench estimation technique, you accumulate your matenal,
positive as well as negative, and you measure your titre on a larger
total number of anitnals than if you make a direct interpolation,

Darcer: What sort of error is invelved in that titration on limited
aunbers?

Facrarus. If we consider one error, that 1s variation in resistance of
the test ammals, you can rule that out if you get a titration curse like
the one I showed in the last table (Table IXI). When you have such a
variation, and you copsider your material homogeneous then you get
a titration curve, say n the ten different dilution steps, such as 80, 60,
50, 30, 20

Darcer- Is there any decrease in stability of the virus in the higher
drlutions?

Facrarvs: I don’t think so  As diluent we have added 10 per cent
normal rabbrt serum—it was a control for a neutrahization test—an
then 1n the negative test we added negative serum, the same antount as
we had posttive serum, to get the neutralization index for that
serum,

Darcrt. Do you find the latent period a less reliable index of activity
of the different doses?

Facraevs In this way we get a certamn relationship, as I shoned in
the last table {Table ITI). If you can get a direct figure as we do here, it
15 easier than to take the incubation time. There 15, however, a persistent
trend towards longer neubation time with Jess virus.

Tuorerr I shauld Like to add that we had no spontaneous leukxmia
in this strmin of chickens—it 15 a stram which has been inbred for ten
years

Israpts T am not very clear whether you are trying to find the
nature of the fowl virus, or what the virus does to the cell. Thisisa
disease which 1s transmussible by cell-free filtrates. Why then are you
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important. T understand that what really Wills off the fowl in large
numbers is o lymphatic leahemia wlhich is not transmissible.

TnoreLL. We are most interested in how the virus affects cell meta-
bolsm, I think that making preparations of the different cellalar
constituents 18 one way in which we can study the changes m meta-
bolism induced by the virus.

Fagracvs I can't see any objection to the fact that if your team
Pila iy Hi fihia: St g

ExceLorern-Howst. I think the main thing, which we have almost
forgotten in the course of the discusston, 13 that it has been shown, mn o
different way from previous worh, that the virus 15 found in the eyto-
plasm, and not 1n the nucleus. We must also remember that this Work

Facrarus. No,

the eytoplasmuc fraction when you smash the cell up. That 1s sometfung
quité different

“arus 15 synthesized

Facnarus T know that method of Coons quite well It has been
applied to antigens of other viruses, for mstance mumps virus, and they
are alnays found 1n the eytoplasm. So far nobody has with certamty
found any virus in the nucleus  But the difficulty m our case was to
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get a pure antivirus serum, That is what X am really interested in now,
-why [ am trying adsorption on the red blood cells, But I agree mith
you, it is absolutely the best way., So far the methods of tracing a
specific material ike virus, for instance the X-ray method, and even
the electron microscope and ultraviolet methods, fail because you
cannot tell if the absorbing matertal is a virus; it 1s only with im-
munological methods that this 15 posstble.



SOME EXPERIMENTAL OBSERVATIONS ON A
STRAIN OF TRANSMISSIBLE ALEUKZEMIC
LEUKZAMIA (RPL 12 LYMPHOID TUMOUR)

C. LI Q. DARCLL and G, NEGRONI

Introduction and Pathology

Tic spontancous leuhotic discases of the fowl most fre-
quently encountered are believed to be lymphoid in origin.
Although a few transplantable tumour strains have been

blished from lympl is (Pentimalli, 1941; Olson,
1941; Burmester, 1952) the more frequent failures have been
cmp]mslzcd by Engelbreth- I[olm (19:")

The of m ths
country, as in the Umtcd States, 15 luﬂh. and the problem in
its practical aspects has been under study for a number of
years. In addition to field studies of tlus disease certamn
aspects of the growth and pathology of the RPL strain of
Burmester have been studied (Darcel, 1953).

Following the subcutancous noculation of chicks with
RPL tumour matenal, one of the most striking features ob-
served was the frequency and rapidity with which extensive
tumour cell wnfiltration of the hiver oceurred in the absence
of any sigmficant rise 1in the level of immature cells in the
circulating blood. Blood from these chichs can mduce the
formation of local tumours when inoculated subcutaneously
11to others, a feature not observed following the inoculation
of cell-frec extracts of these tumours (Burmester, 1052) This
suggests that tumour cells are present mn the blood in numbers
too few to be d 1n normal diffe 1 counts The

y that a virus might also be
wvolved could not be excluded, and studies on the tumour-

induemng properties of the blood were made and will be
discussed n this paper.

61
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The tumour used in most of the experiments to be described
was strain RPL 12 (Olson’s tumour). This strain was obtained
from a spontaneous casc of “lymphomatosis” (Olson, 1941)
and has now becn passaged almost 400 times through inocula-
tion of chrcks.

Following the subcutancous inoculation of young chicks
with tumour RPL 12, a tumour develaps at the site of injee-
tion after four to eighteen days, dependmng on the number of
viable tumour cells inoculated and the rate of microscopic
growth (Darcel, 1952). Death of the chicks usually occurs
two to three days after the appearance of the tumour, with
marked tumour infiltration of the liver, the normal archi-
tecture of which is destroyed. In early stages of growth in
the hiver the majority of cells lie immediately beneath the
endothelial iming of the sinusords (Fig. 1). Through the
courtesy of Dr. Burmester we have had an opportunity of
exammng sections taken from early passages of some of the
RPL tumour strains, including a section of the liver from the
case of spontaneous lymphomatosis from which the apparently
similar strain RPL 16 was established. In the section, tumour
nodules were scen, but there was an associated leukemia,
many tumour cells bemng observed within the hepatie smu-
sords. In a hiver section from the fifth passage of this tumour,
hawever, the cells showed a sirmlar distribution to that scen
n hiver sections from RPL 12

In clncks noculated with strain RPL 12, tumour cell

wfiltrations are seen far less frequently in organs other than
the hver The spleen and bone marrow are rarely involved;
thrs 15 1n contrast to the usual replacement of these last two
structures in chicks mnoeulated with stramns of erythroblastosis.
Subcutancous tumour growth is first seen as a thin layer of
tumour cells lytng between the connective tissue, and there 1s
ittle evidence of any stromal reaction. Following the rapid
growth of the tumour, there 15 a great tendency for extension
to the pectoral muscle  Invasion of the larger blood vessels
by tumour cclls 1s often scen. Growth of cells along what
n})pcnr to be lymphatics 1s also occasionally observed.



Tic 1 Sectionof Iner from chick moeulated with stram RI'L 12,

showing the location of the majority of the tumour cells

tmmedately outside the hepatic snusids  Hxmatoxyhn and
eosin

[To face page 62
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The tumour used in most of the experiments to be deseribed
was strain RPL 12 (Olson’s tumour), This strain was obtained
from 2 spontaneous case of “lymphomatosis” (Olson, 1941)
and has now been passaged almost 100 times through inocula-
tion of chicks.

Following the subcutancous inoculation of young chicks
with tumour RPL 12, a tumour develops at the site of injec-
tion after four to eighteen days, depending on the number of
viable tumour cells inoculated and the rate of microscopic
growth (Darcel, 1952). Death of the chicks usually occurs
two to three days after the appearance of the tumour, with
marked tumour infiltration of the lver, the normal archi-
tecture of which 1s destroyed. In early stages of growth in
the hiver the majority of cells Ire immediately beneath the
endothehal hinmng of the sinusoids (Fig. 1). Through the
courtesy of Dr. Burmester we have had an opportunity of
examunng secttons taken from early passages of some of the
RPL tumour strains, ineluding a section of the liver from the
case of spontaneous Iymphomatosis from w hich the apparently
simular strain RPL 16 was established. In the section, tumour
nodules were seen, but there was an associated leukezemia,
many tumour cells beiny obsersed within the hepatic sinu-
soids In a hver section from the fifth passage of this tumour,
however, the cells showed a similar distribution to that seen
n Iiver sections from RPL 12,

In clicks moculated with strain BPL 12, tumour ccll
infiltrations are seen far less frequently mn organs other than
the hver The spleen and bone marrow are rarely mvolved;
this 18 1n contrast to the usual replacement of these last two
structures 10 chicks moculated with strains of erythroblastosis.
Subcutancous tumour growth 1s first seen as a thm layer of

tumour cclls lying between the connective tissue, and there is
Iittle evidence of any stromal reaction, Following the rapd
growth of the tumour, there s a great tendeney for extension
to the pectoral muscle Invasion of the larger blood vessels
by tumour cclls 15 often seen.  Growth of cells along what
appear to be lymphatics ts also oceasronally observed



TraxsuissipLE FowL LEUKEWIA 65

activity are shown with the corresponding number of tumour
cells estimated for each sample in Fig. 3. The results suggest
that betwcen 1 and 200 cells can result in & tumour. The fact
that local tumours appeared in chicks in all positive dilutions

following sub inoculation suggests that these tumours
CONOR HAEMATOLOGY TUMOUR INDUCING
ACTIVITY
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developed from moculated tumour cells, and not as the result
of infection with a virus-like agent.

The number of tumour cells required to induce tumour
formatton 15 probably smaller than the results mdicate—
since other experimvental data suggest that the simple
dextrose or physiologcal saline solutions used 1n our experi-
ments may be mcompatible with maximal survival of the
cells in the ugher dilutions

In the last donor chick a true leukemic picture was ob-
served  This has also been seen 1n a very few other chicks
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the disease have been undertaken. Chicks were inoculated
with frozen tumour mince of known activity and groups of
these chicks were bled at regular intervals after inoculation.
Citrated cardiac blood from each group was pooled and then
inoculated without further dilution in 0-2 ml. amounts into
recipient chicks. The results of these inoculations are shown

KEY © KILLED BEFORE APPEARANCE OF TUMOUR
G NO TUMOUR ® TUMOUR
INDICES = LATENT PERIOD

DONORS SAMPLING TIME RECIPIENTS

©O® — 3 HRS AFTER INOCULATION @ DO OO
o—— @oPE’
eee — 5 00— Q00000
060 — 6 vo— —  Seeeee
¥o0 — 7— o

6066 -8——o0— — oeeee

Fic 2 Lymphod tumour strain RPL 12 —tumour-inducing
activity of cardiac blood from chtcks inoculated with this strain.

Q9O — 3oars

1n Fig. 2. This shows that blood taken at nearly all times after
moculntmn was capable of producing tumours.

Preliminary attempts have been made to correlate tumour-
mnducing activity with the number of tumour cells detectable
1 the blood. Failure to recogmze significant numbers of
tumour cells 1 differential counts based on 200 cells led to an
extension of the count to 1600 cells based on May-Grunwald
and Giemsa stained smears. Individual chicks were bled from
the wing vein, and the blood used for titration for tumour
activity. The results of the titration for tumour-inducing
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is important in view of the claim (Weisberger et al., 1951)
that the lungs in man and animals rapidly remove transfused
normal and leukienue leucocytes from the cireulation, Al-
though the cytological cvidence suggests that the RPL
strains arc more closcly related to erythroblastosis than the
term “lymphoid” would suggest, there is an important
difference between them, namely the case with which it is
possible to obtam active celi-free preparations from erythro-
blastosis. The question naturally arises whether it is the
presence or absence of virus that is responsible for the dif-
ference in pathological features in these two strams.

The cell-free  tumour-inducing agents observed by
Burmester and his associates 1n stramm RPL 12 (Burmester,
1932) are more reminiscent of the Bittner agent than an
oncogenie virus of the Rous type, in that their nctivity and the
tumours induced are similar to those obtamed following the
inoculation of young chicks with extracts of normal chick
embryo and other tissue, It 1s improbable that they play
any major role in the extremely rapid cellular growth of
strain RI'L 12.

Failure to develop tumour strains from “lymphomatosis™
n the hen has been the usual experience. In view of our
findings the question of whether Burmester's successes are
m any way related to 2 fugh flock meidence of aleukamic
erythrob ting viseeral Iympk is I 1ts
gross pathology, would seem to ment consideratton. This
suggests that a valuable contribution could be made 1f

t surveys of sf 1 mn fowls were
to be undertaken with o view to conclahm Instologieal,
cytological and virus transmission studies

Summary
Observations on transplantable fowl tumour strains
(RPL 12 and RPL 16) previously designated “lymphomn"

but thought to be an aleul variant of erythrok

are descnibed. They differ from typical erythroblastcsxs

not only in the almost ble absence of leuk but
rex. aes.

I3
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inoculated with this strain. Since blood films prepared from
these chicks present features identical to those seen in blood
films from chicks with typical erythroblastosis, this is regarded
as supplementary evidence that these strains are alenkzmic
variants of erythroblastosis.

Discussion

In spite of the stmilarity of the cytological features of the
cells of strain RPL 12 and erythroblastosis, there are
differences in the gross pathology which remain to be inter-
preted. That the former disease is aleukzemic, with extra-
vaseular distribution of tumour cells, and the latter disease
leukzemic, 15 of considerable interest. A comparative study
of these two diseases might have a bearing on the problems of
the liberation of tumour cells into the blood. Our observations
of the change in type of growth between the spontancous
and later passages of RPL 16 already mentioned probably
are significant in this connection. It 1s possible that the
method of moculation was responsible, namely repeated sub-
cutaneous inoculation, instead of intravenously as is usuaily
practised with erythroblastosts If tins is so, attempts to
develop typical erythroblastosis from these strans by choice
of suitable donors, should finally meet witls success.

The reasons for the alenkeemic characteristic of strain
RPL 12 have not yet been elucidated. In the experiment
described in which chicks were inoculated with tumour
material at the extreme tip of one wing, 1t was not possible
to demonstrate a lugher level of tumour cells in blood from
the wing vein of the moculated side compared with the
unmoculated side. This type of experrment must be extended
to include titrations for tumour-inducing activity, since these
may reflect more accurately than counts the number of
viable tumour cells present. Falure to obtain any significant
difference in activity between blood samples taken during
the initial stages of growth of the primary tumour would
indicate that the lungs and other organs are not removing a
high percentage of the tumour cells from the crrculation. This



¥i, 3 (ay Dmpreswon smear from byer (RPL 12) showang

proerythroblust cells (type 1)  May-Grunwald and Gieresa

() Impression smear from dser (ersthroblastosw)  May-
Gromwald and Gremsa  Compare with {a)
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also in the organ sclectivity of the tumour cells. Tumour-
inducing activity of the blood can be demonstrated at nearly
all stages after inoculation and appears to be related to the
number of circulating tumour eclls, The number of cells
required to induce a tumour is small, probably less than one
hundred.

I . Y
t . .
and others.

APPENDIX

Attempts to correlate tumour-inducing activity with the
number of tumour cells in the blood would be meaningless
unless the cells can be recognized with accuracy. This, and
the need to determme the position of these cells in relation to
the classification of the cells of the lympho-hsemopmenc
system, were the main reasons why a study of the eytology
of these tumour cells was made.

Three mam types of cells have been obsen ed in the present
study. Type I (Fig. 4a). These are 12 y in mean diameter,
and ovord, with nuclear cytoplasmic ratio in favour of the
nucleus. The cytoplasm 15 deeply basophilic, often with a
paler zone next to the nucleus. There are no granules in the
cytoplasm but vacuoles are often observed. The nucleus
has a well-defined nuclear membrane and shows a very fine
structure rich i chromatin, umformly distributed 1n a thread-
like pattern interrupted only where nucleoli, more or less
promment, are secen. Type II (Fig 5). These are approxi-
mately 18 ¢ 1n mean diameter, but are very difficult to measurc
because of the irregular and ill-defined eytopl
The eytoplasm 1s Tess basophilic than in the first type but 15
free of granules. The nucleus also shows a well-defined
membrane but is less rich in chromatin and has a reticular
structure. Type III (Fig. 6): These are very large cells with
a mean dismeter of 21 u. The cytoplasmic characters arc
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similar to these of Type I. The nucleus, however, is very
large and sph I, with an ill-defined structurc. The
chromatin is relatively searce.

With regard to the nature of these cells, we feel certain
that Type I must be classified as pro-erythroblastic in
accordance with the classification of Ferrata and Storta
{1948). The deep basophilin of the eytoplasm of these cells
1s typical only of the immature red cells of the series and 1s o
differentiating feature from lymphoblasts  The latter are
usually slightly smaller, with a very narrow rim of umformly
staining and slightly basophilic eytoplasm  Another difference
is the tendency of the ct tn of lymphobl. to form
clumps attached to the surface of the nuclear membrane n
preparations staimned with May-Grunwald and Giemsa  As s
result the nucleus appears almost empty and very poor in
chromatin, with the usually single nucleolus beecoming very
prominent.

Whilst Type I 15 easily classified as pro-erythroblastic,
the nature of Types II and I1I remams obscure. Although
different morphologieally, both are obviously related to
Type 1, but whether they are to be regarded as degenerative
or more or less differentiated forms of these cells 15 an open
question.

However, not one of these three types 1s suggestive of an
atypieal cell of the lymphotd series. For this reason we con-
sider that 1t 1s misleading to designate transplantable tumour
RPL 12 as a “lymphoid” tumour, although on the basis of
the macroscopic appearance at autopsy m the onginal bird,
such a terminology mght appear justified. In this connection
it should bLie noted that Engelbreth-Holm (1942) has observed
that erythrobl a are often 4 1 association
with erythroblastous A difference of mode of growth of the
tumour cells 1n present passages from those of typical erythro-
blastosis now exists, but we do not regard this extravascular
growth as adequate evidence of its lymphoid nature. The
intravascular growth n the onignal bird from which Strain
RPL 12 1s dernved and the present extravascular growth




Frc 5. Imy smear fram tumour (RPL 12}
showing stem-cells {type 1I)  Vay-Granwald and Gremsa.

Fra 6 Impression smear from ver (RI'L 12) showing one mang
cell (pe L) May-Grunwald and Gremss
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similar to those of Type I. The nucleus, however, is very
large and sphencal, with an ill-defined structure. The
chromatin 1s relatively scarce.

With regard to the nature of these cells, we feel certain
that Type I must be classified as pro-erythroblastic mn
accordance with the classification of Ferrata and Storti
{1948). The deep basophiha of the cytoplasm of these cells
15 typical only of the immature red cells of the series and is 8
differentiating feature from lymphoblasts. The latter are
usually slightly smaller, with a very narrow nim of umformly
staining and shightly basophilic cytoplasm. Another difference
15 the dency of the ch mn of lymphobl: to form
clumps attached to the surface of the nuclear membrane
preparations stamned with May-Grunwald and Giemsa. Asa
result the nucleus appears almost empty and very poor in
chromatin, with the usually single nucleclus becoming very
prominent.

Whilst Type I 15 easily classified as pro-erythroblastic,
the nature of Types II and III remains obscure. Although
different morphologieally, both are obviously related to
Type 1, but whether they are to be regarded as degenerative
or more or less differentiated forms of these cells is an open
question

However, not one of these three types 1s suggestive of an
atypical cell of the 1ymphold series. For this reason we con-
sider that 1t 1s misleading to d tr 1 ble tumour
RPL 12 as a “lymphoid” tumour, although on the basis of
the macroseopic appearance at autopsy 1n the onginal bird,

with erythroblastosis A difference of mode of growth of the
tumour cells in present passages from those of typical erythro-
blastosis now exists, but we do not regard this extravascular
growth as adequate evidence of 1ts lymphoid nature. The
mtravascular growth m the ongmal bird from which Strain
RPL 12 1s derived and the present extravascular growth
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has already been described in the main paper. We therefore
suggest the name “erythroblastoma” for this condition and
regard this as an alcukazmic form of erythroblastosis. A
comparative study of the biological behaviour of these strains
and erythroblastosis is in progress.
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DISCUSSION

Crarcie, The chuef reason for choosing the RPL strains for spectal
study was that these so-called Iymphoid tumours seem to provide
experimental materal for the development of techmques to achieve
greater certainty regarding the prescnce or absence of an oncugemc

agent which might etude ques for the
of virus or virus-hke agents So far, the evidence 1s that the RPL slrmns
have no assocrated oncogemic virus having the short latent period
f eryt _wirus, the ewstence of a ik

hosSts 1n WHICHL LIE Uis€dse JtdU PIOLIESSEG LIOUL & Uepenuentt of con-
ditional ) ' to the of Pproperties, thus
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rather a very young type of leukosis and some of the pictures resemble
closely the ories I shall show which are derived from Murray-Begg's
endothelioma,
Our strain of leukosss, which at the begmning was 2 pure erythro-
Diastosis, clmnmd gradually and became a hemocytoblastic typc, with
the reticulo- cells in bone-marrow, hver,
spleen, and 1t was at that time ﬂml thc s:u-comzn nppcnred So, 1t seems
to me that this 1s not. ery type,
I wnuld say n is pmbabl) a hmmocytnblunc {orm

the tumour cells ave seen 1 the spleen they do not seem to have any
relation to the normal lymphatic tissue of the orga
Apart from any other considerations, ¥ feel strongl, that 1t is possible
to recogmize a cell of the red series easly fromt the first stage of
maturation onwards,
Furta I too was puzzled by the pictures. It 1s one matter to tdentify
a cell and another to hnow sbout the jnter-relationship of vanous cell
types  Lymphocytes are mottle cell; erythroblasts are not, and there
are many other cytolomeal differences between them. I have never
m the d to the ety type Lympho-
Tmatosss often does not involve the bone marrow, and there 1s no anema
with it, the lymphaid filtrations are usually extra- and not intro-
yaseular, 5 m erythroleth oss Iro“ever. m many mstances there 15
bone marrow
anema with secondary erythroblaswm whm both _ cell types are

whether the pervescular space you showed 15 analogous to the
Iymphatics of man (Djsse’s space) In erythroblastosis the mtravascular

of feature, while the
Iymphocytes tend to get out, of vessels. The classical picture of Iympho-
matosss 1s that of perivascular infiltration, with portal infiltration i the

h;lerdand infrequent and vanable mntravaseular accumulation of lym.
phou

The terms *1 ' used b
almost meaningless to us A; you have shown, the blood ean transmu
the alekemc drsease. It has also been shown that mouse leakmma
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is usually preceded by an aleukiemic form during which lymphocytes
circulating in the blood in very small numbers ¢an transmit the disease.
True aleukzmic lymplmma 1s also rare in man I recall one patient with
the clnical and p tem of I in whom
review of the sections showed a marked lymphostnsn in the cnpxllnnes
of the ludneys suggestive of “true™ leukmmia, Presumably, such a
lymphosarcoma would transmut the disease. Therc is a great deal of
uncertainty about the term L tes from

lymphomnlosxs cend to produce a prcdommnntly uleukmmlc type ol‘

d b 1.

DARrcEL We were very i y the
at one time, and thought that this was the essential difference betwneen
these phoid tumours and ery , we now think
that the change in type of growth between the spontaneous case in
which RPL 12 ongmated and the fourth passage is very important.
It is quite possible that the present appearance of thew tumours might
be the result of the technical upproach. Becan jonally get
these leukamic p -t == - - g T “ehakla
from erythroblas
donors, as Dr. Fy
blastosts stram. * .
are quite encours
than we had ever observed before by intravenous passage of blood from
leukeemic chicks, The pathology in these cases 1s showing less tendency
for the ext and more y for the int 5=
tribution of cells,

Moescnuiv I think we have to be careful in eases like this and should
Just speal of a blastic type of cell We have probably all seen such cases

call )
A promusing approach was made recently by Diman's group (m;-du‘al

Dept , Malmo, Sweden), for the of the e

type. He showed m a case of human erythroblustosn zlmz you can

Facraets: Yes, you can
Escernreri-Hots, There is another way perhaps. We are up
agawnst the usual problem of differentiating or dassifying the stem cell,
and T quite agree with Dr. Moeschhn that from purely morphologcnl
features 1t is next to impossible in many cases. Some thirty years ago
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the icebox for about twenty-four hours before you fix 1t. Then the

opiniony expressed so far were agamst viruses. T believe that it has
been proved that lymphomas can also contain a virus and that there
are several such viruses®. it is relatively easy to prove that a tumour
has & yirus and difficult to certify that it has not.

Another point 13 the range of tissue affinity of the viruses Some of
them affect only one type of cell and others several types of cell

“ " ~ wore L

Nrgrowt h was impossible to produce the disease by injecting
filtrates

Wrtrs Dr Turth rased this point of sleukemic and leuhzmie
Teukamias, suggesting that 1t was something nherent m the cell I
wonder whether there are any comments on that

Blmcm:‘nl. I thunk all chmcmns have noted (h:n. if a duld vnth

relapse the count goes u
Jacossav. But of coutse one doesn't know the natural hustory of the

dIvor references see Burmester, ok (94 Concer Res. 7, 780,

Durmester, and Gentry, R. F (1954) Concer Rer, 14, 34, Duran.
Teynas, ¥. (um) Amer, J, med , 8, 490
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discase in this latter situation, The child seen for the first time may
have already passed the early leucopenic phase of the disease. A recent
report by Block has stressed the appearance of a leucopeme phase in
the peripheral blood and a relative aplasia in the marrow for months
prior to the onset of a frank diagnosable acute leukenue.

Gorer: A lot of these acute leukiemras come in as allegedly per-
nicious anemuas. We had the impression that when we gave them liver
they tended to become leukenue, and I should be nterested to know if
other people have scen this

Mocscnus, It has also been scen under folic acid therapy,

OserriNg: The influence of liver extracts might be related to the
question of leukemic and aleukzmic forms which have been studied
now for years in a strain of rat myelosis Thus strain started as a myeloid

‘hloro-I; with the ic factor P mn the
following passages and the Iesion was then transplanted for about ten,
years as a pure myeloma  Then we tried to go back to the leukemic
type. and we were able to do this by transplanting cells into rat embryos
Just before birth; when the rats were eight days old they came down
with leukemua. We found that the factor involved was probably
nutritional, because in adult rats too leukzrmeas could be obtained when
the tumour-matenal was injected mnto animals fed a regune nch 0
wheat germ  Now we are trying to find out the factor i wheat germ
a1l which promotes ths leuhemic type.

MoEescyury: I think there are different reasons why one patient or
mouse has leukzmic and another aleuhamic leukamia. One reason is
the location where the cells are groming. Usually in aleukwmic cases
we find that the bone marrow is mvolved and not the giands and the
spleen (see Moeschlin and Rohr, 1039, Ergebnisse der Kinderheilkunde,
57, 123) As soon as the spleen gets involved and enlarged, usually the
patient’s count starts to nise. T thunk this 1s the explanation for the type
of patient that Dr. the al patient whose
count goes down when there 1s a relapse  In unlese atients there is nr:

for some cases
ExceLpreTi-Ifory I am very glad that Dr Moeschhin brought out
*3 theory about the explanation of the aleuhmmic states. I can

rtng srelinnting that foe cama reaean the hana maseaw
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Wirrs' Of course we still may get back to Dr. T'urtl's pomt, that what
may be inherent 1n the cell is this tendency to colomize ergans like the
spleen  There 15 no contradiction of fundamentals

Gross: I have been i in the leuk and It
leukemuas 1n our mice, but 1 have no explanation as yet. In many

death.
Gonrn There 13 another point about Jeukzmia and aleukerma, and
that is where you take the blood from In mice you may find that the
blood from the tml vein is aleukzemic and the heart blood leukemec.
TsaLrs: Surely one of the answers to this problem is, as D Jacobson
said, that in 50 many cases you don't know the natural history of the
disense  For example, if you find leuhemia by o bone marrow puncture

ke these tumours They are predominantly mfiltration tumours, If

o

i
<
«
«

different natural history.

\



TRANSMISSIBLE MOUSE LEUK&MIA:
BIOLOGICAL PROPERTIES OF THE MOUSE
LEURAEMIA AGENT*

LUISVIK GROSE

Levkamia s essentially a rare disease in mammals. Yet,
by pedigreed mbreedmg of descendants of leukwemic mice,
famulies of mice were eventuaily obtained in which very large
numbers of ammals of hath sexes would spontaneously
develop leukamia. Furth and his co-workers {1933) developed
{Cole and Furth, 1943) a stran of albino mice, designated by
the symbol AK, having a remarkably high incidence of
spontancous feukwmua. We had the good fortune to reeeive 2
Iitter of AX muee, in Novermber 1845, from Dr., Furth, then at
Cornell University, and have rossed thus far twenty-fve
generations of these ammals by brother-to-sister mating. In
our eolony of AK muce, over 80 per cent of beth males and
females spontaneously develop lenkemn ot an average age of
8 & months.

The diagmosss of feukenmia has been made 1n our faboratery
on the hasts of typieal, enlarged, pea-sized peripheral lymph
nodes, a large eyhndrienl white and friable tumour n the
mesentery, greatly, sometimes enormously, enlarged spleen
and hver, and in some wstances afso the presence of a farge
tumour i the mediastinum  In all instances mieroscopic
secttons were made of lvers, showmg nfiltration with
lenkamie cells. The nhite cell count (tan blood) vaned from
30,000 to 240,000 per mm.?, with a differential eount fres
guently showing ymmature white celis and a high predomy
nance of iymphoeytes on the smear. Oceasionally, however,
the periphieral wlute blood count appeared to be nornal, even

#A:ded, 1 part, by a gront frow the Damon Kunyon Memorsal Fund for
esearch.

Cancer B
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though the sacrificed mice presented a typieal picture of
leuhemia. The bone marrow picture was more consistently
typical for leukeemia, We found, however, that the general
clinical picture, such as a very large splecn and liver, pea-sized
peripheral lymph nodes, a large tumour in the mesentery and
in the mediastinim, and particularly the infiltration of
organs, such as liver or kidneys, with leukzemic cells (evident
on microscopic exnmmahon), were more rehable in establish-
ing the diag of leukiemia than ination of the
peripheral bloed.

Is Mouse Leukemia caused by a Transmissible Agent?

The question remained to he answered whether the develop-
ment of spontaneous leukeemia 1n mice of the AK inbred line
is caused by an obscure process of mutation, or whether 1t
could be attributed to a transmissible pathogenic agent. Since
the demonstration, by Ellermann and Bang (1908), that
chicken lymphomatosis is caused by a filtrable agent, the
Possibility had to be considered that in other species also,
and particularly 1n the mouse, leukemia may be caused by a
transmissible, cell-free agent, Attempts, however, to demon-
strate the presence of such an agent n mouse leukzrma
failed, until newborn mice were used for the moculation of the
leukeemic extracts (Gross, 1951a)

It should be emphasized that under the current exper-

mental d the p ofa pic, mvisible
agent, p bl P ble for the develop of a
tumour, or of leuk can be d d only by a biol 1
assay Inthe case of mouse the

of the mammary carcinoma agent could be determined by
moculating a biological sample, such as a tissue extract,
tested for the presence of the agent, into ten- to twenty-day-
old suckling nfant mice of a susceptlble Iine, free from
in order to find out
Whether the inoculated ammals would develop “spontaneous”

Mmammary ecarcinornas after they reach middle age. It was
therefore anticipated that, should mouse leukema also be
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caused by a transmissible agent, such an agent could be
detected by a similar bioassay. Such a bioassay would,
therefore, consist of injecting biologi les, pr bly
containing the leukamic agent, into very younf' mice of an
inhred line known to have been hitherto free from this
disease, with the purpose of determining whether the inocu-
lated animals would develop “spontancous™ leukzmia after
middle age.

We had in our laboratory mice which appeared suitable
for this type of experimental tests, namely mice of cither the
€311 hine, or of the foster-nursed, 1e. free from mammary
carcinoma agent, C8H, subline. Our C3H colony has been
raised, by brother-to-sister mating, from a litter obtained
m July 1944 from J. J. Bittner of the University of Minnesota;
this colony 15 now in its 20th generation. On April 2, 1949, 2
htter removed by Cwmsarean section from a pregnant (at
term) C3H female, was foster-nursed by a €57 {black) female,
and from this foster-nursed C3I1 litter another colony has
been ramsed in our laboratory by brother-to-sister mating,
and designated by the symbol C3Hy: thus subline 1s now mn its
eighteenth generation. Mice of cur colony of this subline,
bemg descendants of foster-nursed C3H muce, do not carry
the mammary carctnoma agent. Accordingly, mammary ear-
cinomas develop 1 the great majority of females 1n our
colony of C3H nuce, but only very rarely in those of the foster-
nursed €3Il subline. Leukzma, on the other hand, 1s
extremely rare m either the C3H hne, or win the C3H, subline.
We have scen only four eases of spontancous leukemia among
the 6,000 C311, and 2,100 C31, mice observed n this labora-
tory. It s true that among the U311 females of our colony
many died from mammary tumours, and many other males
and females were sacrificed before reaching the advanced age
at which spontancous leukemia might have developed. We
hatve observed, honever, 1n our own laboratory, at least 1,000
C8H and C3H, males and females through their full fe span,
and can assume that the percentage of spontancous leukrema
among these ammals 1s extremely low, far below 0-5 per eent.
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(Thc incid jenkemia among 208 C3H
mice obscrved by Iur!h, Cole and Boon (lm"} was 0-3
per cent.)

Accordingly, mice of sather the €311 hine or of the fosters
nursed C3H, sublme appeared cminently suitable as test
animals for the snoculation of extracts presumably eontaining
the Jeukwmmic agent, Newborn, suckling wmfant mice were
used for inoculation, because sn the case of mammary ear-
cmoma, young suckhng mice had bieen used for the biclogical
assay, adult aninals betng for all practical purposes resistant
to wnoculation with the mammary carcinoma agent (Bittner,
1944 Andervont, 1945; Dmochowski, 1915). Whereas, how-
ever, in the case of mammary carcinoma, young mice up to
twenty-one days of age could be readily infected with the
mammary tumour agent {(Bittner, 1944), it soon became
evident that in the case of mouse leukierma, the inoculation,
tn order to succeed, should take place within sixteen, and
better within twelve Aours after the lurth of the anenal
{Gross, 1951a and b).

The tentative plan of the experiment was, therefore, as
follows- extracts were to be prepared from AK mice; these
extracts were to be mjected inta newborn, suckhng C3H, or
C3H muce; the moculated mice were then to be observed
for the possble development of leukera

X tation of AK Leuk Cells

In prelimunary expenments, AK levhremic celt suspensions
of 20 per cent concentration (prepared by grinding spleen,
Yiver, and tumarous lymphatic glands of leukenie AK mce
with sterle physiological saline solution) were moculated
wte newbarn C3H muice Tt was fiest thought that should
the AK leuksemic cells actually contam a transnussible agent,
it would be preferable to mject leukzmie cells, wastesd of
centnfuged or filtered extracts, because eell suspensions
smght contam a igher concentration of such an agent. It
was soon observed that newborn, suekhng CBIL muce are
highly s ble to the unp: fon of A!\ teul cells
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(Gross, 1950); in most of them, leukemic tumours developed
at the site of )} ion of the leukemic cells within two
to three weeks, followed usually within a week or two by a
gencrahzed leukeemia, This proved to be a transpl'mted AK

! , the suckling C3H mice serving only as a
medium for the gmwth af the 1mphnted AK leukamic cells,
The leukemic tumours that developed in newborn C3H mice
as a result of the jimplantation of AK leukemic cells, could be
transplanted, by cell graft, back to the donor animals, ie.
to adult AK mice, but would not grow, except in rare in-
stances, if transplanted to adult C3H mice (Gross, 1953a).
The susceptibility of the suckhng C3H mice to implantation
of AK leukzmic cells was found to be hrmted to the first few
days of therr lives. Adult C31] mice were found to be, with
rare exeeptions, resistant to the ymplantation of large doses
of AK leukxmic cells (Gross, 1950).

Inoculation of Centrifuged AK Leukamic Extracts

In the next series of experiments, the Jeukemie cell suspen-
sions of 20 per cent concentration, prepared in the usual
manner by grinding spleen, liver and lymphatic tumours of
leukemic AK mice with stenle physiological salme solution,
were centnifuged at 3,000 r.p.m. at 0°C., for thirty minutes.
Newborn C8H, and C3H, mice, were then moculated with the
supernatant. Of 36 mice inoculated when less than one day
old, 29 (81 per cent) developed typical “‘spontaneous™
leukemia at an average age of 10-6 months (Gross, 1951)).
These mice had enormous spleens and livers, pea-sized
tumorous lymph nedes in the mgumnal and axilary prts, and
1nfiltration of organs, such as hiver and kidneys, with leukeemie
cells, evident on microscopie sections.

Since we were not convinced that centrifugation at 3,000
r.pm. was sufficient to sediment all leukzmue cells, a second
series of expersments was earmed out in which the AK
teuksemic extracts of 20 per cent concentration, prepared in
the usual manner, were first centrifuged at 3,000 r.p.m, at
0°C., for fiftcen minutes, and the supernatant was agam
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centnfuged at 9,500 r.p.m, (7,000%g), at 0°C,, for ten to
fReen minutes.  Newborn C3H, or C3H mice were then
inoculated subcutancously with the final supernatant, at
n average nge of fifteen hours. Fach newborn litter of mice
was divided as follows: one part of the hitter was injected with
the fresh supernatant; another part, serving as control, was
injected with a supernatant that had been heated to 63°C. for
ﬂul’t) minutes, For the purpose of identification, the infant
mice injected with the hcnl(‘(l ~upcmn(nnt had their tails
tied, and eut, at half length. liately following i 1

tion, the skin punctures were dricd off geutly with o sterile
sponge, and sealed with a drop of collohon, Of the 41 C311
and C31, mice that were inoculated with the fresh super-
natant, 19 developed typical leukemia (46 per cent) at an
average age of 5:2 months (Gross, 1933a). Twenty-six litter
mates that had been inoculated with the heated extraets
remained in good health (Table 1). Leukxmia developtng

“Table 1

Resvirs or hmumov or Centriricrb (0,500 wes) AK-LEUVKEWIA
XTEACTS [vTo Nrwsorv C3H o C3fle Mice

Fresh supernatont Heared (85°C } hr ) supernatant
verage age No of uhm l ruk Ma of Mace Ao of Ve
At e | et wnac Dovel Lok
Dot or | i)
26 (]

1 the C8II mice that had been inoculated with the fresh

was readily t plantable by cell graft to adult
xmcc of the C3H lme, but only exceptionally to those of the
AX line (Gross, 1953a). These transplantation results suggest
that the leukeemia which developed in C8H muce as a result
of moculation with the centrifuged AK leukzmic extracts
was a “C311 leukemia” due to the pathogenie action of a
cell-frec agent on the cells of the host. Leukeemic cells
developing n such hosts would, thercfore, be of the host’s
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genetic origin and should therefore be readily transplantable
to individuals of the host’s inbred line, i.e. to adult C8H mice.
Had these mice developed a “transplanted” AK leukemia,
possibly as a result of inadvertent implantation of some stray
leukzmic cells accidentally floating in the supernatant, a
subsequent attempt to transfer, by cell graft, the resulting
leukermua to adult mice of the C8H line would most likely
not have succeeded.

The reason why the C8H mice that had been inoculated
with the 9,500 r.p.m. (7,000xg) AK leukemic supernatant
developed levkemia earlier (at an average age of 5-2 months)
than those inoculated with the 3,000 r.p.m. supernatant
(average age 10-6 months) 1s not quite clear. It is possible,
however, that the centrifugation at the higher speed, i.e. at
9,500 r.p.m., sedimented an inhibitor, thus releasing a more
active agent present in the supernatant. In any event, since
this observation was made, centrifugation of AK leukemic
extracts at 9,500 r.p.m. has become in our laboratory a stan-
dard procedure 1 experiments in which the AK leukzmic
agent 1s to be inoculated mto C3II mice.

Inoculation of Filtered (Seitz) AK Leukmmic Extracts

In order to eliminate any doubts concerming the possibility
of an accidental implantation of a few leukemic cells when
using centrifuged extracts for moculation, a scries of experi-
ments was carrted out in which the AK leukemic extracts
of 20 per cent concentration, prepared in the usual manner
by grinding hvers, spleens, and Iymphatic tumours from AK
leukerme mice with stenle physiologieal saline solution, were
centrifuged at 3,000 rp.m,, for fifteen minutes, and the
supernatant was then passed through Sertz filter pads (§-1),
under a vacuum pressure of approximately 20 mm. of mercury,
using a water aspirator. Immediately after the filtration of
the Jeukemic extraets, all filters were tested with, and found
to be impervious to, E coli. In 28 expcniments, requiring
o8 individual filtrations, 111 newborn C3H, or C3H mice
were moculated subcutaneously with the filtered leukemic
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extracts st an as eraye nge of nine hmm. Asa rcmk, 30 of thc
111 mice (22 per cent) & 3
at an average age of fonrteen months (Tnhlc H]

Table 11
Rest1s v Ivocranon or Fivesro (Serm, S3) AR Lros e
Exteacts y¥70 Nrwnory C31 ox Lﬂl(, Mice

Freh Mecnte
m—r—
Averuge ops at Ny of stwe MNa of Mye ll” Druk Lot
Smot” (houre} Anor Prrcel Lk {momthej
f v m ! a0 9

Inoculation ot Filtered (Berkefeld-N} AK
Lenkemic Extracts
In anothier serics of expeniments, Yhe AK eukseme extracts
of 20 per cent concentratio, prepared in the usual manner,
were centnfuged first at 3,000 r.p.m. for fifteen nunutes;
the supernatant was thea removed, and ceptnfuged at
9,500 r.p.m, {7,600 x g} for peniods of time vatying from one
to ten minwtes (average time 45 munutes). The final super-
natant was then passed through Berkefeld flter candles,
porosity N, under & vacoutu pressure varymg from 20 to
25 mm of wercury. Immedwtely after the fltration, aif
flter candles were vested with, sad found to b 1mp¢rvm\\% to,
E. ol Y5 30 exg g 27 id
133 newborn C3l, or CS!I mlcu were moculated  sub-
tutaneously with the fresh filtered AK leukenie extraets at
un aversge age of mme hours; as o result, 17 developed
mnmnnmus lcuknm\\a (13 per u:nt) at an sverage nge of
s-mal mice 1n this group,
gland
. s OF
sanie
!lme with heated filteret sunane. « % Hoped
leakwermn, but two of tkem developed salivary gland car-
emomas 4t four months of age (Table YII)
20k we

'

T
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Table 11

Resurrs or INocuratiov oF Frurerep (BerxerrLp-N) AK Lrvkesac
EXTRACTS 1NTO NEWBORN C3H or C3Hp MICE

Fresh filtrate l Heated (68°C § hr ) filltrate
i age Av age
No of | A aze| o of | “when No of | No of | “unen
Ac agel Mo of Vuce Twhen Mace Sal € Na of | Mce Muce Sot G
at inoc AMee Detel Teuk Derel Cad Mwe | Deel Desel ]
thr) noc Leuk Derel |Sal G, [ Dercl moc. Let Sal Devel
{mths | ot (monihs) Cd (months)
o | 183 17,57'1!'56'11!,0'2,4,

This scries of experiments is still in progress, some of the
noculated mice being now only si< and a half months old. It
1s possible that a few more mice in this experimental series
will develop either leukeemia or sahvary gland carcinomas.®
In any event, the results thus far obtamed suggest that the
AK leukzmic agent can be filtered through the Berhefeld-N
candles, and that 1t docs not resist heating to 68°C. for thirty
minutes The fact that some of the mice that had been
moculated with the filtered extracts developed salvary
gland tumours, nstead of leukamm, 15 puzzling (Gross,
1953b); these tumours have never been observed 1n untreated
C3H or C3H, mice among the ammals of our colony; they are
extremely rarc in muce of any strans, and only very few have
been desenbed i mrce of strains .\ or C (Lippincott, Edwards,
Grady and Stewart, 1942).

The observation that two out of 111 C3H mice that had
been moculated with heated (68°C) filtered AK leukzmc
extracts developed salivary gland tumours, could be ex-
plamned by assuming that the filtered AK leukamic extract

*ADDENDUY  As this manuseript gocs to press (Aprl, 1934), among the

. \

sititonal mouse developed salnary gland caremoma (making a total of
three i1n this group)
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requires heating for thirty minutcs to a temperature higher
than 68°C. for complete mactivatton. On the other hand, the
possthality should also be considered that the control litter-
mates that had been inoculated with the heated extracts,
became infected by contact of their shin wounds with the
fresh leukeemic extracts, possibly oozing from skin puncture
wounds of their htter-mates, shanng the same nest and
nursed by the same mother. :

The possiility of such an accidental wound infection,
through contact, should be taken into consideration partic-
ularly inview of the results recently obtained 1n experiments
dealing with dosage of the AK leukemic extracts, These ex-
periments are still in progress, and will be reported at a later
time, 1t 15 already evident, however, that the AK leukremic
extracts retain their pathogenic potency even in dilutions up
to 1:100,000, Thus, following inoculation of 0-1 m! of a
1.100,000 dilutwn of the centrifuged (9,500 r.p.m.} AK
leukmue extract 1nto newborn C3H muce, typical sahvary
gland earcinomas developed 1n some of the inoculated mice
{Gross, 1931} Smce such small quantibies of the AK
leukemic extracts were sufli to cause the develop of
these tumours in C3H muce, it appears conceivable that some
of the htter-mate control suckling muce, sharing the same nest
with therr siblings (which had been simultaneously mnoculated
with fresh, active extracts) might have become accidentally
infected by contact. The point of the possible entry of the
oncogeme agent mught have been either the skin puncture,
mewdental to the introduction of the needle at subcutaneous
moculation of the extract, or the wound of the tas], since the
control litter-mates had therr tads cut immediately after
birth for the purpose of identification

Inoculation of Filtered (Selas) AK Leukmmic
Extracts
In a third senes of filtration experiments, the AK leukeemic
extracts of 20 per cent concentration, prepared mn the usual
manner, were centrifuged first at 8,000 r.pm. at 0°C. for
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fifteen minutes; the supernatant was removed, and again
centnfuged at 9,500 r.p.m., at 0°C., for five to ten minutes
The final supernatant was then passed through Selas micro-
porous porcelain filter candles {porosity 03, and in a few
experiments those of porosity 02}, Immediately after the
filtration of the leukemic extracts, all filter candles were
tested with, and found to be impervious to, I, coli.

In 83 experiments, requiring 16 individual filtrations, a
total of 141 newborn C3H; and CSH mice was inoculated
subeutaneously with the fresh filtered AK leukemic extracts
at an average age of twelve hours. Each newborn htter was
split at the time of inoculation: one part of the litter was
inoculated with the fresh filtered extracts, and another with
an extract which had been heated to 68°C. for thirty minutes.
Of the 84 mice that bad been moculated with the fresh filtered
extracts, 18 developed typical leukamia (21 per cent) at an
average age of 6-9 months, and 17 additional mice (20 per
cent) developed, instead of leukanua, bilateral salivary gland
carcinomas at an average age of 3-9 months (Figs. 3 and 4).*
{A summary of this series of experiments dealing with the
filtration of the AK leukemic extracts through Sclas filter
candles was published in one of our previous papers (Gross,
19536); the data presented mn this report are adjusted, how-
ever, because additional mice developed crther leukemia or
salivary gland carcinomas, as indicated sn Table IV.) No
leukemia developed among the 57 control litter mates that
had been inoculated simultaneously with the heated filtered
extracts; one mouse m this control group, however, developed
salivary gland carcinoma at the age of eight months (Table
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Fic 2 Photomicrograph of x.m of & C3H female mouse with
“spontaneous” leuks'mua  This mouse was wnnculated when less
than £+ hours old, with & Altered (Berhefeld, N) AK leulinie
extract, and developed leukemia at eight months of age
Typreal mfiltration with leukamic cells, particularly promment
around the larger blond yessels (H &E x200)
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‘Table 1V*

Kasvirs o Ivocyrarioy or Frreren (S2uas) AK Lacrasue LXTRACTR
1ero NEwsorw {(<Twriie Hovss orn) €313 on C831y \ow

t Fyvsh fievore Reested (BAC § &e 3 filtrate
§ Fawe | Ao of | 2 4 Noof | v uge i Rootf Moot | Raat} dr e
A P e T
e Lhecwd Lewk fartel ot 47 er Deeel § Dvet | S0l £
Loud Deet Jhal G L4 Eauk Yat G (5
Hmanihndt €8 Lewel (%] il
imoniha i
ox ki3 13 av 17 39 &5t 1 1 B
0 L 3 i3 o o a o 0 [}
Totakt] B84 13 17 57 o 1

*tre Addendum, p w6

As i the experiments deslmy with filtration of the AK
feukeemic extracts through Derkefeld candles, m the Selas
sertes also the development of 2 salivary pland tumour i one
of the 57 control muce that had been moculated with the
heated extracts conld have been caused either by the fact that
the AK levkemte extracts may roquire s shghtly Ingher
temperature for complete inmctivation, or beeause this
mouse, shanng the nest since birth with sibhings that had been
smoculated with fresh, active extracts, mught have descloped
a sahvary gland tumnour beenuse of an avewdental eontact
infection through the skin puncture wound,

Saltvary Gland Tumours Developing in CIH Mice
fotfowing Inbculation of Filtered AK Leukiemic Extracts

The sabvary pland tumours that developed in some of the
€31 mace that had been moculated with the filtered {Berkefeld
o1 Selas) AR leuksenue extracts, appeared m somn of the
ansmals gwite early, sometimes at three or three and g half
months of age. They developed usuclly on both sides of the
neck, and Inereasid v exy slonly in swe, formng subcutaneous
wrape-bke clusters composed of small, wndividual tumones,
Eacotuelly, however, they formed enormous confluent
tumours surrounding the necks of the ammals 1 & grotesque
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comon in these animals, it would follow that in nuce of the
AR hne the leukwmmme agent interferes with the salivary
gland tumour ngent, andjor that the AK miee ate not suseep-
tible to the pathogenic action of the tumour sgent, even
though they carry it {Gross, 19530 and d).

Preservation of the Salivary Gland Tumounr Agent by
Dry-freezing

Prebminary expenments demonstrated  that lyophihized
AK levhzemic extracts could be hept at 4°C in sealed ampoules
for thirtcen menths, retamng their ability to reproduce
saltvary gland tumours following noculation of such extracts
into nesborn C31 mice (Gross, 1953d)  Whether the AK
leukemic agent eould ale be preserved by dry-freezng has
not yet been determuned; these experiments are now 1n pro-
gress, and will be reported at a later date,

Presence of the Leukmmic and Tumour Agents In
Normal AK Embryes

Sinee develops “spont Iy e
generations of mice of the AK ling, and sinee it was found to
be caused by a filtrable agent, 3t was reasonable to assume
that such an agent is transmutted naturally from one genera-
tion to another. Unhke the mammary carcmnoma agest,
however, the mouse lenhemia agent was found te be trans-
mitted {rom one generation to another net threugh the ytk
of nursing mothers, but through the embryos (Gross, 1951a
and 1932), e, most probably directly through the germnal
cells (Gross, 1855c), The posstbility of a transmusston of the
leukmmic agent through the mith was exeluded 1n nan experi-
ment m which a litter was removed, at term, by Cesarean
section from a healthy AK female, and was then nursed by »
foster mother of the €57 (black) line (free from spontansens
leuhaema); of the three foster-nursed AK mice that survived,
two developed “spontaneous” lenkmemma. The three foster-
nursed wace had 13 offspring, and 11 of these died from
leukemie at 8 1 months of age (Gross, 1952).  Previous
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manner. Quite frequently, secondary tumours appeared later
in the auxillary or inguinal pits of these mice, and occasionally
also in the abdominal eavity. The lymphatic glands, however,
remained normal. The peripheral blood and bone marrow
showed no pathologieal changes. The liver and other internal
organs also remained normal, showing no trace of leukemie
infiltration so typreal in the case of leukremia: the spleen was
occasionally shghtly enlarged, but far from the size observed
in leukeemia,

The neck tumours were found to arise in multiple foei m
the saltvary glands; in the animals thus far examined, the
parotid gland appeared to be the site of the primary tumours.
Microscopically these tumours could be classified as anaplastic
carcinomas; some of the secondary inguinal or axillary tumours
mn these antmals, had, however, a microscopic structure
resembling a sarcoma; i a few instances even the primary
salivary tumours had an appearance resembling either a
earcinoma or a sarcoma, these different patterns occurrmg
in the same salivary tumour depending on the part of the
tumour examined (Gross, 1958b). The salivary gland tumours
could be transplanted subcutaneously, by cell implantation,
into mice of the C3H line, but did not grow when implanted
mnto adult AK mice. In the C3II muce, on the other hand, they
grew reacdily at the site of lmp)nntnnon, mfiltrating the
surr dimg tissues, but Iized, and eventually
forming enormous subcutancous tumours. We have never
observed any evidence of leukzma in muce that had been
inoculated with the salivary gland tumour cell suspensions

Theoretieally, 1t could be assumed that the leuhamic
agent recovered from AK leukemc extracts could produce,
following moculation mto newborn C3H or €311, mice, either
leukzema or saltvary gland tumours. It appears more prob-
able, however, that two different oncogente agents could be
recovered from AK leuhemic extracts; one causing leukaemra
1n C3H mice, and another causing sahivary gland carcinomas.
Since salivary gland tumours have never been observed in
mce of the AK Ime, whereas spontancous leukmmia 1o
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of the 35 inveulated mice, nine developed sahvary gland
earcinamas at at average nge of -3 months, and twao deve-
foped typical “spaut’mcmn" fevkemin at 10-7 months of
age {Table VI). It was evident from these expeniments that

Table V1

}\nm.fs oF IhoctLarion oF CFNTIrLary {0,500 reot) Txrearts Perrasen
rrou Norsar AR Fusras, 1vto Newsosy €31 on (31l \ice

teerust mic Aveosee oge
e seeot LA afdee | 2o of el uben o of Moz Py
anac et anor Derel Lewk: Loud Zerel Deref Bal G vA
{monahnd Saf 8 et
tmanchal
12 a5 B 0e ? 53

the lewkamie agent, s well s the tumour agent, s present
in extracts prepared from pormat AK embryos These results
suggest that both the levkemne agent and abo the agent
eausing salivary pland carcinomas are transmutted an mice

of the AK hne from one generation te another through the
etibryos,

Transmission of the AK Levkmmic Agent from One
Generation. to Another in Mice of the G3H Line
Following morulation of newborn C3H nuee with the AK
lenkeemue sgent, not only did most of the moculated mice
eventually develop leuhama, but the agent apparently
passed to therr offsprm cuu«mg also, M icast w some of
them, the dexclop P sk An
atterapt to omginate expe ty a “lechemie C31 line”
has ot succeeded, howeves  Whale almost 50 per cent of the
untreated ¥, offspring of the morulated C31Y muce developed
“spontapcous” Jeukemiz (Gross, 1951b), the mewdence of
leukemia m the second {F,}) and tlard {Fy) generations of
offspring has heen thus far very low, leukemis devaloping m
some of these anumals, ¥ 1t developed at all. very late (Fig. 6},
at twenty-two or Lwenty-three months of age (Gross, 1954}, It
is apparent that the C3 steain of miec may not be sufficiently
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attempts to prevent the develor t of sp e
leukemia by foster nursing have also failed {MacDowell
and Richter, 1035; Furth, Cofe and Boon, 1942). Since it
was evident, therefore, that the leukemic agent is not trans-
mitted through the mulk, it was possible to assume that it
may be transmtted from one generation to another directly
through the embryos, if such a transmission ocours at all, In
order to deternune whether such an assumption is justified,
normal embryos were removed aseptically from the wombs
of young, healthy pregnant AK females; these embryos were
then separated from the placents, cut m small pieces with
sterile scissors, and ground with physiological saline solution.
‘The cell suspensions thus obtained were then used for inoeula
tion, 1 one series of expermvients. In another series, the
normal AK cmbryo cell suspenswions were centrifuged at
3,000 r.pm. (fifteen mmutes), then at 8,500 r.p.m. {ten
minutes), and the final supernatant was used for inoeulation,
In 13 expenments a total of 57 newborn C31H; or €3I mice
was moculated, at an average age of tharteen hours, with the
AK embryo cell suspensions. As a resul, mne mice developed
typieal “spontancous’ Jeukerua at an average age of thurteen
months {16 per cent}, and one additional mouse in thus grotp
developed a bilateral sahvary gland careinoma at four months
of age (Table V). In another sertes of s1X experiments, the

Table V
Resuirs oF INGoULATION oF Crer Susrnstony, PREPARED oy NorMat
AK Ewnuvos, 1vro Newsozs C3H on C3uy Mice

sAuerage ape
frerane sge nhen
Ao apeal | Av of Mice | Na of Sice when Ko of Miee | St G L
e thr o | Decel beuk | Leuk Deurt Dac Deel
[ A Yat 6 0t tmonthn}
13 57 o Rl ¥ 4
4

supernatant resulting from centrifugation (9,500 r.pam.) of
the AKX embryo cell suspensions was moculated wmto 83
newborn (less than twelve hours old) €31k or C3H mice;
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suseeptible to the AK leubmenue ngent: even though, lollaw g
injection of newborn C8H muce with the AK leuhwenue
cxtracts most of the inceulated miee may develop leukemia
{Gross, 1031b and 1932}, in successir e generations of offspring
of the inoculated tuee the sgent wmay become rather adapted
to this p:\rhcuh!' strain, causing the deve Jopment of leukema
in sub s onfy iy and ot adianced
age, Lx entua“\ , after several g(nemtmum itomay ether
completely dwxppcqr, or it may become so submcr;{ed and
masked gs to lose, wath only oceassnal exeeptions, sts abity
to become aetivated spontancously

15 Leuk a “C jeable” Disease?
A Working Hypothesis
The following worlang by pothests s advanced to explam
the expenimaental resuits thus fur obtarmed —

t 15 possible to assume that m mmee of the AK ting,
“spontancous” Jeukremmn 15 eoused by a coli-free agent,
transimtted from one generation to another  Unbthe the
mammary cdremoma agent, however, the mouse leuhaemia
agent would be transmitted not through the muh of nursig
mothers, hut through the cmbryos, 1o most probably direetly
through the fertilized ova, Mice developing fram sueh -
fected ova would reman in goud health through thew carly
adult age, because the lewkenue agent, carned by sach mice,
would ewist i an inactne form, frugal and moderate ity
requirements, and therefore harmiless for s earmer-hosts.
Oceasionally, however, and particularly m muddle-aged earriers
hosts, the leukamie agent, prompted by as yet obseure factors,
<could heeome activated The activated agent would be laghiy
pathogenmie, causing rapsd multipd of cefls b
it, and eausing the den elopment of leuhzemia  The fate of tl\e
cartier host would thus be scated  The survival of the
feukeemie sgent, however, would be assured, 1ts transmission
to the host's oflspring occurring prior to its actevation in the
Parent host
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other malyrnant tumours developing in other members of the
same famly-tree. This working hypothesis may offer an
explanation of clinical observations suggesting that in familtes
of patients suffering from leuhzmia, cancer is more common
than in the average population. It would also offer an explana-
tion for the occurrence of leukemiaor othermahgnant tumours
in more than one member of the same family in human beings.
Finally, should this hypothesis be correct, 1t would then have
to be assumed that the number of individuals with symptoms
of tumours or leukemia would represent only a fraction of
those actually carrying the seeds of ether disease.
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DISCUSSION
Fuontit Several of us have tried to demonstrate the virus of mouse
leukemia without success®. Now we ask ourselves just what 1s Dr
Gross’s trick  The answer 1s the use of newborn baby mice for nocu-
lation Tt was discovered 1n the course of studies of the milk tumour
agent that newborn mice are the only susceptible hosts; using mice less

* For references to onignal publications, see the review article in Physiol
Rev , (1036) 26, 47
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Recent expenments suggest that mice of the AK line may
earry at least two different oncogenie agents: one causing
leuk®mia, the other causing salivary gland carcinomas.
Both agents are transmitted from one generation to anctber
through the embryos, re. most probably directly through
the germmal eells. Sinee salivary gland turmours never develop
m AK mice, whereas spontaneous leukemia js very common
wm these amimals, it would follow that an interference
phenomenon 1s responsible for the Iatency of the sahwary
gland tumour agent o the AK mice, or that the AK mice are
Bot susceptible to the pathogeme action of this agent.

Some Possible Implications for Human Pathology

The theoretieal ympheations of these observations may be
of considerable wnportance for human patholagy. Itis possible
to nssume that m humans, as 1n mice and einckens, leukemia
may be caused by a cell-free agent, transmitted from ane
generation 1o another  In certan instances, at least, such an
agent may in hunan bemys also be uceompanied by another,
transaussibile oncogente agent. An suterference phenomenon
may be responsble for the lateney of esther, or both, m most
of the carner hosts. Marcover, these agents woukl exst
usually i thew mactive forms, hormless for thew carner-
hosts  Oceasionally, however, prompted by as yet obscare
factors, posubly by some tngger mechamsms, not necessapsly
spectfie, an actnabion of ether the Jenkamic or the tumour
agent may occor It s quite concervable that such an activa-
tion, heing sometimes related to the bormonal balanee, would
mote frequently oceur esther prior to adolescence, or after
mddle egge, of the earrier host  The oncogenie ageats, hstherte
masked and barmiess, would then change mto foraudable
pathogens, causng rapd multipheation of cells urbourmg
them, This would result m the devclopment of either
feukeemta, or of another malignant tumenr, depending on the
ndividuahity of the actis ated agent. In famhes earrying tne
or more oncogenie agents, one of them muy cause leukarma,
while others may eatse the development of enremomas or
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other mahgnant tumours developing in other members of the
same family-tree. This working hypothesis may offer an
explanation of clinical obser: ations suggesting that in famulies
of patients suffering from leuksermia, cancer s more common
than in the average population. It would al-o offer an explana-
tion for the occurrence of leuhremiaorother malignant tumours
in more than one member of the same family in human heings,
Finally, should this hy pothesis be correct, it would then have
to be assumed that the number of individuals with symptoms
of tumours or leukmmia would represent only a fraction of
those actually carrying the seeds of etther discase.
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DISCUSSION

Funtn Several of us have tried to demonstrate the varus of mouse
leukema without success®, Now we ask ourselves Just what 15 Dr
Gross's tnch. The answer is the use of newborn baby mice for inocu-
Iation. Tt was discovered 1 the course of studies of the milk tumour
agent that newborn mice are the only susceptible hosts, using mmce less

. f‘mﬁf’m—f" ongnal publications, see the review article 1n Physiol,
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Recent experiments suggest that muce of the AK line may
carry at least two different oncogenic agents: one eausing
leukiemia, the other causing salivary gland carcinomas.
Both agents are transmitted from one generation to another
through the embryos, Le. most probably directly through
the germinal cells. Since salivary gland tumours never develop
in AX muce, whereas ous leuh ia 1s very
m these ammals, it would follow that an  interference
phenomenon is responsible for the latency of the salivary
gland tumour agent in the AK mice, or that the AK mice are
not susceptible to the pathogeme action of this agent.

Some Possible Implications for Human Pathology

The theoretical implications of these observations may be
of considerable importance for human pathology. It is possible
to assume that in humans, as in mice and chickens, leukemia
may be caused by a cell-free agent, transmitted from one
generation to another. In eertain instances, at least, such an
agent may m human beings alse be accompamed by another,
transrmsstble oncogeme agent.  An interference phenomenon
may be respansible for the latency of either, or both, i mast
of the carrrer hosts.  Morcover, these agents would exist
usualfy w their mactive forms, harmless for thew carrier-
hosts. Oceavonally, however, prompted by as yot obsewre
factars, possthly by sane teigger mechanisms, nat neceseardy
speefic, an actisation of cither the leukemie or the tumour
agent may oceur I s quite concervable that such an activa-
tion, bemy sometimes related to the hormonal balanee, would
mare frequently oceur either prior to adolescence, or after
mddle age. of the earner host  The ancogenie agents, utherto
masked and harmless, woukd then change nto formidable
pathogens, causing rapid multipheation of eclls harbourmy
them Tins would result 1n the development of either
leukeemma, or of another mak nt tumour, depending on the
mdsviduabty of the activated agent. In Jamikies carrying two
or more oncogene agents, one of them may cause feukmenua,
while others may cause the development of carcinomas or
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Table 11 (Fuxtn)
TaansPLANTATION TExTS

Dovor Teukrme eells T el
AR3 .. - . 100 -84
AK106 . .- . 100 82-100

F:C3IUARNT .., . 100 71-80
Fy  AK/C31 201 ... - 26 2
AK . . . 0 per cent 1n C537 Rlack and RF

Table IT shows the closeness of the C3II and .AK strans.  Of all
strains tested, C3H was the only one which took AK cells It 1s possible
that the strains have changed since this work was done, and C311 is now
:nore r:mnt:"(:\:m 1\K.'xmce Dr Gross could transplant AK cells o'nl)"
generation hybrids had a low mcidence of leukema, shghtly more
when the female partner was of the leukemic strain. This would mean,
in Dr. Gross’s terms, that the virus had been transmutted also by the
AK male. The F, and F, hybrds were crossed back to the AK's and
{ﬂ'“s‘ and so on. T'hz leukermia incidence was greater when the AK

cording to Gross, only CSH mice, the closest to AK, take the AK virus
I interpreted in Dr. Gross's terms, it would seem that what 1s mherited
is resistance or susceptibility to this umique virus.

There is, however, another possibility Several inyestigators have
deseribed filtrable agents which can transfer (transduce) hereditary

cnomosomes can float free and enter new host cells and create a new
el ype. It 15 concervable, fantastic as 1t appears to be, that lekemic
cells yield such free chromosomal determmnants capable of entermg
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than ten hours old seems essenttal for leukwmia transfer, aceording to
Dz, Gross.  Another matter of possible mmportance is that he chills us
material 85 well as his toals and does the filtration and eentrnifugation
i the cold and casries out alf i including i jon, wt!
gveat vapulity. Falmyg the data which he presented as facts, T cannol
avord the concluston that he has a filtrable agent producing levkemia
and an agent preduong sabvary gland tumour,

How are our carlier findings to be interpreted in the hght of what
Dr. Gross has shewn? I have bronght along three relevant lantern
shdes, now over ten years old,

Table I (Furtn)
Preriusany Tavvrstion of Dara oy THE Mg Facron oF Bimywer

Tacidence of Neoplasms,
Aice Fer Cent,
Steck Number | Breast | Lusy § Leukama
€381 2 Vg 744 18
g, Tired i {53
¢ and g, Total 81 18 03
Fostered by AR
9, Yirgn 33 7
S, Bren 4} o2
Q. und &, lotal e o3 o
AK 2, and 3, Total 198 e fo k)
lovtered by 1T
2, Virgin 6 o
2, Bred 19
@, and g, Total 163 0 a5
AKQ » (3Hg Q, Virn 92 1 ) 57
L o3 of{o o1
C353Q « AKQG $. Virgin 01 10 4 44
E) az 0z a2

Table I indicates that €311 nuce very seldom have lenkaormmn (only
111 300 here), not e en when fostered with AK mice {none n aboat 148).
On the other hand, the AK nuce fostered reciproeally developed breast
toremnoma and had a reduced leuhmmia inendence, but the Jatter drapped
also 1n AK mice nursed by different AK mothers  ‘The wedence of
spontaneeus leukanria ty the AK strain 13 very hagh, It 15 somewhat
less sn the first generation hybnds AK < C3IL but 1s still very Jugh.
Since the AK male nlso iransmis she disense it appears that the sperm
contams the “virus", pasqng it on to the firsst generation hybrid.
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feukeemia a virus, or have you?
. i

. . .
Gross: T can only state that leukemua in mice (or at least in certain
strains of mice, and under ceftam experimental condttions) 1s trans-
missible through a filtrable, thermolabile agent, which apparently
multiples, this agent produces specific symptoms of disease, and, ap~
parently 1t may also wterfere with another oncogente agent (sahvary
gland carcmoma. On this basis I assume, tentatively, that it behaves
Like certain other viruses.
Now, js the I gent 7 We a
to think of a disease being “communicable”™ only if 1t spreads very

worm, 1s transmitted through the ovuimn, We know now that many other

virus diseases in plants and insects are transmtted 1n such a manner

There are probably numerous infectious diseases, not necessamly 1
7 IO oy I e !

leuk®muc agent Is, orat least was at one time, extraneous. Once acquired,
1t mught have heen carmed, from one generation to another, within the
host’s cells, for many years, perhaps centuries

Happow To what extent have you tested strains other than C3H by
the same techmque?

Gross; To a rather hmited extent I injected some 60 mice of the
C57Black lime when less than twelve hours of age with the centnfuged
AK leukwmic extracts As a result, some 35 per cent of the injected
muce developed leukmmua, but very late, at sivteen to twenty-three
months of age In addition, I also mjected muce of the C57Brown
line with AK leukzmuc extracts

Furre I don't know the C57Brown stram, C57Black mice rarely
have leukzmia when young but may develop 1t at an advanced age.

Gross I have not seen spontaneous leukenua 1n untreated C57-

Brown muce  When, however, centrifuged (7000x9) AK leukeme
Jrase s
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Table MY (Fenrn)

Ixanenct or Levk sara 55 3iicu (AK) avp Low Levkawn Strarss
(RF) axp I trios

AvAR/A .46 T

(AR . 28 8%
AcAR/R w2 8%
ARxALL s 50 05,2

AR 28 8
ARR 7 05,8
ReARA v & VO

AJA 69 3% A/R 21 99,4 RIAR 2 624
eyt o 37U
ARRYA o 885

AR/R . 2 B
ARxR/R L 175
ARCARMARYAR  7-5%
AR/AR 11 8% ARCARIA w0 14 553
ARCAR/R o 4 159
RACRAA .o 13 498
RA/RA 8 6% 4 {RARME .. 5750
RAXRA/RARA € 3%,
RAL/A ... 82 284d

RAJA I8 5o
eyn e 8-3%c
AxRAA e 880397

RELY 8% R/A L 69< ARA 27 0%d
AxRA/R . 10 138
RATya R34

RA/R 4 2%D
RAR/R . e O%D
ARAMA 16 144

R/RA 1 89,4
ReRA/R . BB

The female 10 alvays on the left of gach g of eyn For backsross
e P=<0 OS'

cssxgmﬁc:mt change P=«D 02, dsxluﬂhly sigmficant chan"g‘} P=p D

mto the heredity of lymphoid cells of the newborn. Thus, Dr. Groes,
e concervable that the genetic theory can be reconvled with the
virus theory.
Gross May I add the following expeniments to the data whieh ¥
vesented normal testicles were removed from young (s toeight week-
old) heafthy AK males, ground with physiologeal sakne solution, and
injected mto newborn C3H mice Asa result, several of the mocufated
animals later Thes e was
with the il thst the AK leul agent may be present i
AK sperm Further expernments are still needed, Thoweer, to determine

thes pout,
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leukzmia & virus, or have you?

Furtr No, I won’t quibble about words, once I antagonised a senior
friend, Dr, Murphy, by calling the filtrable leukemma-producing agent
of cluckens a virus, thereby siding with Dr. Rous, who then believed
that these ngents possessed all attributes of common viruses. Call it
what you wish .

Gross: T can only state that leukermia in mice {or at least in certan
strains of mice, and under certatn experymental condstions) 1s trans-
nussible through & filtrable, thermolabile agent, which spparently
multiples, this agent produces specific symptoms of disease, and, ap-
parently it may also interfere with another oncogente agent (salivary

worm, 18 transmutted through the ovum  We know now that many other
virus diseases 1 plants and nsects are transmutted in such a manner
There are probably numerous infectious diseases, not necessanly in

Luvugll Lus 13 WUELELy ® SPECULILION, LOAL LUE THUUse JeulGEnud agent
attaches itself to the chromosome. Would that be a genetic factor then?
Not necessanily so I would rather be mchned to assume that the
leukeeruc agent 1s, or at least was at one tine, extraneous Once acquired,
it mught have heen carried, from one generation to another, within the
host’s cells, for many years, perhaps centuries

Happow To what extent have you tested strains other than C3H by
the same technique?

Gross To a rather limted extent I injected some 60 mice of the
C57Black Ine when less than twelve hours of age with the centrifuged
AK leukemic extracts As a result, some 33 per cent of the injected
muce developed leuhzmua, but very late, at sixteen to twenty-three
months of age 1In addition, I also mnjected mice of the C537Brown
hine with AK leukesmue extracts

Forra 1 don't know the C57Brown stram, €57Black muce rarely
have lenkemia when young but. may develop 1t at an advanced age.

Gross 1 have nof seen spontaneous leukenua m untreated C57-

rown mice. YWhen, however, centrifuged (7000xg) AK leukemuc

LK mes s
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extracts were inoculated into newborn {less than twelve hours old)
C57Brown muce, some 25 per cent of the injected animals developed
typical leuhmia at eight to fifteen months of age. This C37Drown
leukzmia was then 1 by cell i to C57Brown

leukmmmue give nise to a second and third leukenue generation, and that
thns leukomea 1s not transplantable to AK rmce, then I became con-
vinced that he has an agent capable of inducing Jeukemia

Mappow: Yes, T think I should feel the same way. And also there is
the transmussion, as I gather, from normal embryonic extracts

Apart from the question of the nature of the leukemia-produong
agent, you have shown 1n your first eperiment the transmission of
teukemie cells from AK to C3H, and the sensitivity to such of the
infants and not of the porents. That fits m with what has already
been known for a very long time as to the relative immunologtcal
undevelopsnent jn mnfants of that age

Gross: Adult C57Rrown mice are for all practical purposes com-
pletely resistant ta moculation of AK leukemuc cells. On the other hand,
pewborn C57Brown nuce are perfectly susceptible, Following im-
plantation of AK-leukzrmue cells mto newborn C57Brown mice,
leukmemia develops withm two or three weeks. This 1s, however, only a
gruft, stnce such a leukzua 1s transplantable readily back to the donor
AK stram, but not to C57Brown adult mice. In order to produce a
true C57Brown leukermia (transplantable to C57Brown muce), cen-
tnfuged AK leukrrmue extracts must be moculated into newborn
C57Brown ruce. The leukama which sl then develop a year or so
later in such mice will consist of C57Brown cells, r.e 1t will be readily
transplantable by cell graft to adult C57Brown mice, but not any more
back to the donor AK stramn,

Hanpow I wondered if I mught suggest that before Dr. Gross goes
back he could acquaint lnmself with Medawar and Bilhngham’s rec,en!

new type of allenging these pre-treated e with the
agent at a Iater stage, say at four months

FacraEus: We nught I|der analoges virus work.
- O NS TREN TN WRTES S

ad pten
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cerebrally failed to change the properties of the sirus, since materal

strains, such as the €58, which has 80-00 per cent ‘spontaneous
leuhemia?

Gross T have a recent series of expenments with €38 donors, stil

1 progress, There are no results yet, except perhaps one, still question-
ables, -
.

symptoms.

Goren No symptoms, no. But the woman got no symptoms either.
1 know analogies are never exact, but she may have developed a
viremua transiently early in the pregnancy and infected the feetus,

'wrT Not 1f the virus can be carrred with the sperm? It has not
been shown that a C3H

FATIERNTIOE Apat o mm ok

s,
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in which the pregnant femaie was injected at the time of pregnancy
with this extract? Then she would get the viremia, but presumably it
shouldn’t carry on to the offspring,

Gonrn Another point in which 1 was inlerested was the antigenic
simulanty between the AK and the C3HL Tsn't it possible that these
antigens, which we know Iittle about, are 1n fact virus receptors, and
are what the virus attaches itself to, and that is why you can transoit
from AK to C3H? If you have a highly specific virus which will goon
to some receptors and not others, you would get genetic segregation.

Law: In regard to Dr. Gorer’s suggestion, there 1s known to appear
in certmin low leukzmic strains of mice what js known as the “rmaternal

resistance factor That may be an important point.

But T think we ought to keep 1n mind that there is a balance in
atiological factors. 1 would draw your attention to the situation m
breast eancer 1n mice At the time it was shown there nas a milk agent,
all the emphasis was placed on this virus-hke agent, but now we know
that there are genetic factors whech relate to susceptibility of the
mammary tissues to the virus, transnusston of the agent and hormonal
stimulation in 1ts varous aspects It is possible to inject wath the viral
agent without production of mammary tumours. I think it 1s important
to determine whether, and how much, leukemia m rmee is mfluenced
by this wirus-tke agent, and what part it plays wn the sctiology of
leuhemiz  There can be no doubt from the experiments of MacDowell
and Furth and Cole that genetic factors are very mmportant, and are
probably related to susceptibility.

1 should hke to add that we have done qute a lot of work along the
Itnes of Dr Gross's expeniments  We folloned lus techniques and we
have also used other techmques We do get these anaplastic parotid
tumours using AK or €58 leuhzmic tissue 1 C3H muce, but I don’t
believe you have to follow the precise techmiques which Dr Gross
specifles. We find parotid tumours, using cell homogenates, centrifu-
gates, or filtrates. These tumours are like those he described, very
pleomorphic with many spindle cells and suggestion of glandular
reproduction T hope we are able to find some Jeukwmuas among the
test mice soon.

Furt Iow long have your ammals gone after injection of filtrate?

Law. We have some ammals that are two years old or more. Of
course there are a lot that aren’t more than eight months or less.

Encrogern-Howr In how many amimals did these parotid tumaurs

develop? P T

~ihaana
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notalnaysbilateral They resembled very much the type of tumour of the
parotid ly seen developin, ly in i
If they amse early, they resemble very much the desenption of

leukzmue cell suspensions. For instance, cell suspensions prepared from
normal AK spleens produced tn some instances sahyary gland tumours,
following inoculation into newborn C3H muce AK leuhzrmic cell
suspensions heated to 63°C also occasiopally produced salvary gland
carcinomas in C3H mice. However, on the basis of experiments thus

frenty thean propthg ol Yo prdap 44 ohig g o
B EEEIUR Y [ o\ T

Y
I N PO TR
BN O L N T
3 3 [ e
you yesterday, by the fact that 1f we treated our straw of muce with
benzene, we only got lymphosarcoma in some animals. But if you have
this leukamua sgent i these strains you rught get 1t 1n a much higher

D& 1T the pace af AL wman sa s b

1e pathogenic, unless prompted by such inducing triggers as X-rays
or other carcinogenic factors
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in which the pregnant female was injected at the tume of pregnaney
with this extract? Then she would get the virenua, but presumably it
shouldn’t carry on to the offspring.

Goncr Another point in which I was interested was the antigenic
similarity between the AK and the C3H. Isn't it possible that these
antigens, wlich we know Iittle about, are in fact v1rus receptors, and
are what the virus attaches itself to, and that is why you can transmit
from AK to C311? If you hasve a highly specific virus wlich will goon
to some receptors and not others, y ou would get genetic segregation,

Law- In regard to Dr. Gorer’s suggestion, there is known to appear
in certain low leuharmic strains of mice what is known as the “maternal

o bomna £ k) G o -
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But T think we ought to keep in mind that there is a balance in
atiological factors. I would draw your attention to the situation m
breast cancer in nuce. At the time 1t was shown there was a milk agent,
all the emphasts was plac ~ ot - o
that there are genetic 1
mammary tissties to the
stumulation in its various ., .
agent without production of mammary tumours. I think it is important
to determine whether, and how much, leukemea m mice is influenced
by this virus-hke agent, and what part it plays in the mtiology of
leukemua There can be no doubt from the experiments of MacDowell
and Furth and Cole that genetic factors are very important, and are
probably related to susceptibility.

¥ should Like to add that we have done quite a ot of work along the
Iines of Dr. Gross's expertments. We followed his techniques and we
have also used other techmques We do get these anaplastic parotid
tumours using AK or C58 leukznuc tissue 1t €33 nuce, but I don’t
behieve you have to follow the precise techniques which Dr. Gross
specifies. We find parotid tumours, using cell homogenates, centrifu-
gates, or filtrates These tumours are Ithe those he described, very
pleomorphic with many spindle cells and suggestion of glandular
teproduction I hope we are able to find some Jeukmuas among the
test mice soon

Forra. How long have your amimals gone after injection of filtrate®

Law- We have some anmals that are two years old or more. Of
course there are a lot that aren’t more than eight months or less.

Encr.prera-Howx In how many animals did these parotid tumours

develop?

S

Ditter i which &1l the memb, Yoped parotid they were



THE PHENOMENA OF RESISTANCE AND
DEPENDENGE IN LEUKAZMIC CELLS

L. W, L4W

It is pertment and encouraging to note that the compounds
which are carcinostatie to leukzmias of the mouse have been
shown to be carainostatic in man snd vice versa. Two groups
of compounds, classed as anti-metabolites, have been used
to a great extent in the treatment of acute childhood
leukeemas and in laboratory mvestigations employing this

h 1 form of leukemia i mmce: (1) folic acid
anta«omsts, particularly those with a 4-amuno substituent,
and (2) purine antagomsts. Folic acid antagomsts have been
found n our laboratory to be anti-leukemic agents to every
lymphocytic leukemia tested On the other hand, purine
antagomsts are effective anti-leukmic agents mn some, but
not other, leukaemtas.

Folic analogues are of interest for the following reasons:
{1) They are the most efficacious of known antr-lenkerme
agents, (2) selectivity of action 15 in certain cases striking,
and (3) the inhibitory effect can be shown to be of a compet:-
tive nature, affording a better means of elueidating the
metabolic lved in therapeutic investigations

The failure, after a period of time, to achieve remissions in
patients with the compounds mentioned 1s a common observa-
tion.  In expenmental leukemia it 1s shown that these
failures result from the development of transformations in the

population of 1 cells to resistance and (or) depend
1t 1s the purpose of this report to consider the experimental
prod of these t 1ons, some ch; tes of

the transformed leukemic cells, investigation of the manner
of ongin of these vamant cells and some basic information
that has been obtained lving the h of these
phenomena,
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Funrr: Every strain develops leuhomia after exposure to fonsng
irradiation, 46 we tmust suppose that every strain earries youe virus,

Gross: Tt would not necessarily be impossible to assume that many,
‘perhaps mosy, sirains carry Iatent oncogente agents. We could perhaps
compare latent oncogenie agents with other fatent viruses, such as the
bacteriophage. T wonder whether there are many strnas of microbes
that do not carry ok least one bactexiapbage, or o prophage. Could we
nat assume that fatent oncogenic agents are equally common in nature?

Dynenexsar: Hasn't Kieschibaum shown that different stocks of mice
develop cullerent incidences of leukemia ofter Xeray? For mstance it 18
my umpression that C3H has a much lower incidence after irradiation
than some aof the ather strains,

Lorenz: I don't think that is ginte correct. It depends on the method
of treatment., We find that a mngle dose in CANSS ruce even nt birth
gives rise ta only a few feukiemuas, but of chronie irradiation of §-8 ¢
eight hours per day is mven throughout hife one gets 83 per cent
leykemisas  Vou have to hase the proper wradiatian canditions for each
stzain to mduce Jeukawma

Funym: True, but there are also stram differences.



TraNsrorvations 1N Leur.ouie Ceuts 107

dependence. Table 1T shous the hehaviour of these trans-
Jformed cells in comparson with the sensitive control line,

N
ustng the emterion of locahzed growth of lympl

LEUKEMIA L 3210 TRANIFER

GERERATION
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Bia 1 Showing omgm of varous trsnsformed subhines dicussed 1. texts
AN-R @essstant 1o AD-R on AM-D

an -AG-1) 1 AM-R
fresstant to Amethopterin 8-AG-R {resiseant to S~azaguwntne}, 6~-R
{reststany to G-mercaptopurine)  Matehied squares represent resistance,
darkened squares, dependence  The contmol fine, Tepresenited by esrefes, has
been carned through 20 conseentive transfers and remans sensitrve £0 the
antafolic and aatipusine compounds  Certain travstet hnes bave been drs-
continued as ehown, others hase been carnied sesially Shrough the axmber of
teansfers dessgnated bejow the square

trssue, and Table 11X the behaviour m the development of
X folt 1 teansfer of a

standard dose of Yeukemice eells m Locke’s solution (3108
wells). Yt 1s of mterest to note that even at a dosage level of
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Folic Acid Analogues

Hoth types of transformation—to resistance, where leuks-
nue cells grow optimally in vive cither in the presence or
absence of antagonist, or to dependence, where the cells grow
optimally only in the presence af antagonist—have been
abtaned using the 4-amino-subststuted folic analogues,
d-amwmo PGA  {(Asunoptenn), $-amino-Ni-methyl PGA
{Amethopterin), 4 9-methyl FGA {Antopterin), and
4-amine-9. N¥%-methyl PGA (Adenopterin) (Law, 1951a and
& Law and Boyle, 1950).% (See Fig, 1 and Table L.

Variant  subl of trausplantable acute lymphocytic
leukmmias are obtamed with case following consecutive senal
tramsfers in mace recerving exther (1) near maximum tolerable
levels of antagomst or {2} periodic inereases in the level of
antagomst.  Once transformation has been achieved the
variant hnes retain their characteristics; no reversion to
sensitivity has been observed or changes fram one type of
transformation 4o another. These charactenstics are main-
tained m the absence of the antagomst used to achieve the
transformation. The character 1s thus shown to be stable,
irreversible and hentable

One particular subline of an acute lymphocytic leukemia,
L1210 in DBA/2 stram mice, has been of imnterest 1n deter-
wining sowe of the physwalogical characteristies of these
transformed cells, the AM-D subline, dependent on folie
antagunists for optimat growth

Characteristics of Leukzmic Cells Dependent on Folic
Analegues for Optimal Growth

The AM-D variant hne has now been carried through more

than 175 conseeutrve senmal transfers in DRA/Z stram mce,

Optimmal growth 15 ol d 10 the p of 4-ai N

methyl PGA (Amethoptenn), the analogue used to develop

*Folie and anajopoes shd S-pzaguaiont fondly supphed through the

tesy of Ledere Laks Division, Amencan Cyanarud Co , antipurnes
though the courtesy of Dr George Mitchings, Wellcome Reseafeh Lab,
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Amethopterin as high as 12 mg./kg. (total dose, 48 mg.fkg.}
an inlubition of localized growth of lymphomatous tissue of,
50 per cent oceurs, but infilteation into lymph nodes and

Table ¥

TRANSFORMATIONS IV Leus Lan¢ CELLS OF
SEVERAL Tramserantaniy, fanes

Lineof § Srapmof Tuype of Transfurnation Antagomiet z
Lenharia e T e
Tresvhnt i D pradent

L1210 DR + + Amethoptenn
L1zio BBA + - Amethoptenn
(AT DA + + Adenoptesa
Li21g DHA + - Amnoptertn

054 {58 + - Adenngtenn
HEBIS6{ A + ? Amethoptenn
L1046 AKR “+ - Amethapterm
Li21o piiTAN + + $-azaguanme
L1210 DRA + - S-azoguanne
Lo DBA + - G-mercaptopuriae

Table 11

Derespeack 1 Levkaeyic CEizs oF Tug AM-D supiing
® Levsama Li21D

Amethnpteran Mean w0t
Mo Sice Dosage (mg kg ) Lymphomatous
Indw Toral Tasur mz
20 12 a8 a8y §
Dependent 78 8 2 833 8
29 Nene a2 7
20 12 48 0
Sensitive 29 3 2 60
55 None 1,190 ©

ranster generations 68-108 of sensitive telts and 53-39 of dependent cetis used,

spleen was evident. This indreates at least a ﬁfty~fold increase
1m tolerance to this antagonmsst, since 3t Yeguires 0 25 mg.fkg.
(total dose 1-0 mg. Jkg.) of antagomist to mnhibit localized
growth of the sensttive cells to o sumilar degree.
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Amecthopterin on sensitis ¢ leukremic cells and (2) the optimal
growth-promoting capacity of this antagonist on dependent
leukaemic cells. It may be scen by reference to Table V that
partial reversals of both the anti-leuhamie effect in the
sensitive line and of the growth promoting cffect on the
dependent Ime were obtamned. Folic aed (PGA) was also

‘Table V

Crrroy orU Facton (CF) AvD THE EFFECTS 0F AMETHOPTPRIN ON SENSITHE
AND DEPENDENT (AM-D) LEvk.ssuc CELLS oF LEckawsa L1210

Ao Dosage® Relatu e meant
Experiment Mee ueghts
Dasty Total
Dependent (AM-D}
Amethoptern 4z 2 8 1
Amethopterin 28 2 8 o7
+CF 2> 10¢ 10 10%
CF 36 %108 BX10% © 33
Controts 36 o o 031
Sensitice
Amethoptenn 54 2 [ 003
Amethoptern s 2 8 028
+ 2x 10 10 108
CF 30 2x 10 8100 091
Controls . 50 [ o 1
*Dossge of Je
tFor i timal grow th in bot asl0

found to mve similar reversals. The ratio of analogue to
metabolite (PGA) for maximum effect was approximately
1.15 and the ratio was the same for sensttive or dependent
cells providing that PGA was always given prior to admims-
tration of analogue PGA and CF were found not to influence
the growth characterstics of either sensitive or dependent
cells, under the conditions of these experiments
No changes in morphology, y or lantabil

have been observed 1n the several variant forms of reslst:mt
:)r dep,endent cells developed 1n leukmmla L1210 or the other

ble leukemias employ Leuk cells of the
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A speafie crosy-dependence is shown in Table IV. Any
4-amuno substituted folic antagonist is capable of providing
for optimal growth. Some of the so-enlled “weak™ antagonists,
notably N1° methyl PGA and 9-methyl PGA, though lacking
anti-letk@mic activity, are also able to provide for approxi-
mately 50 per cent optimal growth of these dependent cells.
Such anti-leukmme compounds as 8-nzaguanine, a-peltatin,

Table IV

COMPARATIVE  BENSITIVITY OF AMETHOPTERIN-DEPENDENT (AM-D)} Avp
SENSIIVE LEukewic CELLS 10 SEVERAL ANTRLPUREMIC AGENTS

Dovage {my g ) Senutwe | Dependent
Compound
Taau Tutal Inhsbition ndez®
B-azaguanine 58 490 813 o7
o-Peltatin 50 15 0 06 © 06
TEM 075 027 003
&-Mereaptopusine 75 5235 010 o 10
Anmopterin 3 12 00y 693
Adenoptenn 3 12 [ 1-03
Amino-an-fol 30 120 0 20 078
Ammopterin a2 08 o ot 10 J
(e = Mean wt yumonr trrated

Aean wt (uniour contyols
TEM and 6-mercaptopurine, on the other hand, show i

dependence of action, 1n bemg carcinostatic for ether the
dependent or sensitive sublines  Two compounds, cortisone

and @ purne antagomst, 2, 6-d purine, were ineffective

m etther the dependent or sensitive subline in this study.
The 4 bstituted folie 1 appear to inhibat

leuk 1 growth by ant: of folie aexd (PGA) or

citrovorum factor (CF) since esther of these compounds will
prevent anti-Jeukemic action of this class of agents {Burchenal
et gl., 1950). Since 1t appears that CF, on a weight basis, 18
more effective than PGA s reversing the effects of folie
analogues, 1t was of interest to study the effects of this meta-
bohte on the growth charactemstics of the sensitive and
dependent lines of leukemiz L1210 and to determine the
blocking effect of CF on (1} the antileukmme action of
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utiization of these analogues by S. fiealis and Tetrakymena
and that the eaplanations given above are not valid.

In considering exvplanations for the dependence charac-
teristic, it is apparent that many of the suggestions pertaining
to resistance are unlikely. For example, the abiity of
leukemic cells to detoxily the antagomist or to convert anta-
gonist to PGA or CF would exphm the phenomenon of

‘but not d A y trials by Nichol
(1853) on the t\blhty of our Ll"w Amethopterin-dependent
{AM-D) leukemic cells to convert PGA to CF indicate that
the dependent leukzemic cells are less active than sensitive
cells in this respect, in contrast to the results obtained with
S. feealis, Tt 1s quite hkely that differential absorption of
folic analogue or PGA 1s not related to the dependence
phenomenon  Preliminary tmals by Skipper and colleagues
{Skipper, 1953) using “C-labelled PGA and Amethoptenin
show MC contents of sensitive and dependent L1210 leukzmic
cells to be of the same order.

It 1s possible that the dependent leu} cells desenbed
here have acquired the ability to use folic analogues without
conversion to PGA or CF, employing a different mechanism
for the synthesis of nucleic acids than that suggested as
oceurring normally. Certain prehminary data are available
relating to this interpretation  As mentioned previausly, it 1s
evident that the 4-amnopteroylglutamic acids act by
competing with PGA or CF It appears that PGA 1s converted
to CF, which 1s d with enzym d with
transfer of single carbon umts Folic antagonists compete
with formed CF, and the end result of this antagomsm 1s an
inhibition of nucleic acid synthesis as well as other bio-
chemical processes. It has been found (Skipper, Bennett and
Law, 1952), using Na Formate-YC (a precursor of the 2-
and 8-carbon atoms of nucleie acid purines) that the folic acid
antagonist, Amethopterin, inhibtts de novo synthesis of DNA
and RNA purines in the sensitive cells and viscera of mice
bearing these cells, while the analogue more than doubles the
rate of de novo DNA and RNA synthesis in the dependent
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sensitive and of the transformed sublines, as cbserved in
focalized grawth or in infiltrations inta spleen, liver, lymph
nodes ar in the peripheral blood are morphologieally in-
distinguishable, Attempts to deteet antigenie differences by
complement-fixation tests have been unsuccessful,

Possible Mech of Resi ce and Depepdence

Resistance of leukewemic cells to folic analopues may indeed
be the result of (1) a lowered POA requirement accampanied
by a much greater capresty to convert PGA to utilizable CF,
{2) an increased abihty to detoxify the PGA antagonist,
{3) a more efficient utilization of CF due to changes in
permesbility of the cell, or {$) the ability of transformed
eells 1o convert antagomst to PGA or CF by one of several
methods. deamination, demethylation, ete. In the case of
Streptocaceus faecahis, resistant to folic antagontst, ¥t appears
that this stram has a lowered requirement for PGA and &
much greater capacity to convert PGA to CF than the
antagomist-sensitive strain, so that significant wnhibitions of
growth were obtamed only with very high concentrations of
antagomst (Hutchison and Burchepal, 1953; Nichol ef al.,
1053). It 1s possible that the ability of the resistant cell to
absorb analogue 1s greatly reduced

It has been reported recently (Hutchison and Burchenal,
1953, Broquust, 1952) that a folic-antagonist vemistant strain
of § frecalis was able to use Ammoptennand related analogues
for growth, in contradistinction to the senstbrve strawm, by
converting the nualogues ta PGA or CF. Sumilarly, Kidder
¢t al. (1951} ohserved. that the protozoon, Tetrakymena, was
able to use Arunopterin (and Methopteru] w growth pro-
cesses, suggesting that this organism alse possessed enzymes
capable of deammating and demethylating these antagomsts.
1t has been found by Nichol however, employing paper
chromatograplue tre.lquues, that the fohic acid antagonsts
«dnch are P fable contan sufli PGA and
pterore zod 28 1mpunhes to account for the apparent
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leukeemic cells, profoundly inhibiting the nucleic acid synthesis
n the viscera of mice bearing these transplanted cells. These
results are shown in Table VI.

Sumilar results were obtained from in vitro siudies of sensi-
tive and dependent leukzmic cells from the same sources.
Amethopterin at concentrations of 0-01 mg./ml, strongly
inhibited the incorporation of MC formate into the protein
and punne pentose nucleotides of sensitive cells. Amethop-
terin at much higher levels was found to he ineffective on the
in vitro incorporation of ¥*PQy. These resuits indicate that
the effect of folic analogues is not an overall inmbition of
tissue metabolism (Willlams et al., 1951).

It should be pointed out that, although the available folie
antagomsts contain certain contaminants which are growth
factors, it is not necessarily a compheating factor n the
production and development of transformations to resistance
and dependence (Nichol ef al., 1853). On the contrary, it
would appear that the presence of PGA in the antagonist
used 1n § frecalis experiments awded 1 the selection of re-
sistant matants. 1t should be recognized, however, that some
confusion n the interpretation of results has arsen.

Purine Analogues

Since the report of Kuidder ef al in 1949 showing the
cancerostatic effect of a triazolopyrimidine analogue of
guanine, 8-azaguanmne, on certamn adenocarcinomas and a
Jeukamia in mice, this compound has been studied rather
extenstvely. It has proved to be a useful and interesting tool
m mvestigations of cellular biochemieal reactions. Although
specific and defimte mlubitory action has been noted for 2
farrly wide range of morphological forms of neoplasm (Gell-
horn et al., 1950; Sugura of al , 1950; Law, 1950), 1t is equally
clear that it 1s entirely mactive apainst other neoplasms in
the mouse and rat (Gellharn et al . 1950, Sugrura et al., 1950).

In certain acute lymphoeytic lenkamzs of the mouse
(Lav, 1950}, particularly the t lantable leuk L1210,
s definute, regular and reproducible mhibition of growth
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sensitive subline die at 7:940-06 days, and when given
8-nzaguanine parenterally at 12-440-20 days.

This dependent subline has now been carricd through 80
transfer generations since emergence of the trait, and has
retmined 1ts characteristic response without evidence of
reversion

Cross-dependence on other punne analogues has been

rated 1n tlus 8 pend. line. 6-Mer-

ptof and th ine, both mod Ty car atic,

8 and 2 : G-diaminopurine, meffective for sensitive
leukemic cells, all provide for 50 per cent or more optimal

growth of the line. The folic Amethop-
terin, and TEM are inhilntory for the dependent cells as well
as the sensitive. A striling sensitivity to folie analogues of
the dependent cells, as well as of other transformations
produced by purine analogues has been noted and will be
iscussed later.

L1210 lcul cells t d to i using
8-azaguamne, grow optimally in DBA/2 mice with or without
this antagomst, and the mice die from leukemia at 10 14
0 15 days Cross-resistance to all other purine analogues has
been demonstrated (see Table VIII) but these resistant cells
remain sensitive to other unrelated compounds such as folie
analogues and TEM  This line has now been carried through

‘Table VIII

INFLUENCE OF SEVERAL PURINE ANTAGONISTS ON VARIANT SUBLINES oF
Levkesa L1210

Senmtce | 840
Antagonut Fereeni | Pereent | 8AGR | 3R
8-azaguanine +(100) | —(100) 0 0
B-X\It’rcaptopunne +(80) —{60) 0 o
- &-Diaminopurine 0 —({s0) 0 0
S-azaxanthine o —(50} o 0
Thioguanne +(80) —(40) ° 0
8-AG-D 8-AG-T ,  and

6\L.R=6- -Mereaptopunne revstent
+ =1nhibition, — suppott of growth (cross-dependence)
O=no influence {cross-resistance).,
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results from parenteral administration of the guanine anta-
gonist at dosage levels far below the maximum tolerable
dose.

Transformations to resistance and to dependence have been
obtained in leukmmie cclls of line L1210 by consecutive serial
passage w1 DBA/2 mice receiving near MTD Jevels of 8-
azaguanine (see Fig. 1.} The dependent hne (8AG-D) was
developed from the 100th transfer of sensitive cells and o
vessstant bine {rom the 175th transfer (Law, 1951c),

Transtormations to Resi e and Depend
using B-Azaguanine
Table VH shows the characteristics of depend m the

transformed cells.  Optimat growth, as determined by

Table V1§
EfFECT OF B-AZSGUANINE OM SENSITIVE aND B-AZAUUAVINE-DEPENDENT
(8AG-D} Liwes or Leuxssia L1210

Trar Numde th Tur 3
i e | Dy of 5 aays (me )
240 | 150 1.200 501 1
Pependent 153 75 400 533 8141 1
a0 Nane 250 4323 3
10 150 1,200 o
Sensitnve 53 75 600 1684 22
3% None 73 8180 2

*Tranater genesations 597143 of the vensitise hre and 744 af the dependent bne used

focahzed growth of lymphamatous tissue, was obtawmned at
dosage levels of 8-azaguanine as hugh as 150 mg./kg. (total
dose, 1200 mg fkg.). At tlus level complete mhbition of
grawth 15 observed n the sensitive hne.  Leukamme death,
following 1intrapentoneal transfer of cells, also strikingly
reflects the dependence characteristic. The mean survival
time of muce bearmng the dependent subline was 15 840 45
days. If these muce are given 8-azaguamne (75 mg /kg. X 8)
they de earher, 12 140 23 days with 2 flond leukzmia
(see Table IX}. In contrast DBA/2 muce hearing the control
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been demonstrated by Heinrich et al. (1952) in the protozoon
Tetrakymena, by Mitchell et al. {1950) for viscera of mice and
mare recently, using finer techniques, for mouse viscera and
tumour tissue by Skipper {1958). The incorporation is for the
most part in RNA and in relatively small amounts, There
appears to be little doubt also in Tetrahymena, which requires
preformed guanine, that the guanine antagonist acts strictly
as an antimetabolite, physiological guanine or its nucleotide
reversing in competitive fashion the growth-nhibiting
capacity of 8-azaguanine, Evidence for a clear-cut metabolite-
antimetabolite relationsiup in mice or other mammals is not
yet avalable, Guanine has been shown to reverse the carcino-
static effect of 8-azaguamne, as determined by leukzmic
deaths mn mice (Law, 1950). Goldin ef al. (1950) have shown
that guanylic acid apparently is more effective than guanine,
using the enitenon of tumour volume, in leukxmia of mice.
In our own observations with the 8-azaguanine-dependent
leukzemia, guanylic acid regularly interferes with the growth
promoting capacity of 8-azaguamne (Law ef al., 1953) more
effectively than another nbotide, adenylic acid 1t has not
been determined 1f this 1s done competitively, On the other
hand Gellhorn et al. (1954) have observed 1n rabbits beanng
the Brown-Pearce ca that the car tic effects of
8-azaguamne are more easily reversed by the nucleosides and
nucleotides of adenine, suggesting that 8-azaguamine 1s
converted first to adenine prior to conversion to a riboside,
Extensive attempts 1n our laboratory (Law, 1933) to reverse
the 1e activity of 6 plop by pt ) )
purine bases have been relatively unsuccessful, although on
ls have been ot d In Lactob caset
any of the four physiological purines will easily and competi-
tively prevent the inhibition produced by this compound
(Elon et al, 1951). The negative outcome of reversal experi-
ments with G-mercaptopurine does not necessarily mean that
1ts mode of action 1s different in these expenimental animals as
compared with Lactobacallus, but that the techmques employed
in the compheated system in experimental pnimals are not
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65 consecutive serial passages in DBA/2 mice, retaining its
characteristies.

Resistance to an Adenine Ant ist, 6-Mercaptopurine

The adenine analogue, 6-mercaptopurine, has been shown
to act as a punne antagonist in the metabolism of Lactobacilius
cased (Elion and Hatehings, 1953). It has also been shown to be
a unique inhibitor of Sarcoma 186 (Clarke ef al., 1953} and of
certain mammary adenocarcinomas {Skipper, 1958). Linmted
chnical trals of this compound m advanced leukemia of
children have been encouraging (Burchenal ef al., 1958). As
with $-azaguanmne this pound has been shown to give
definite, regular snd reproducible inhibition of leukermic cell
growth in certam lymphocytic leukemias but not others
{Law, 1858). Striking mereases in survival time in feukamia
L1210 occur. The mean survival time of mice bearing the
seasityve subline of leukaemis L1210 was 7-9 4006 days, and
an increase m survival of 873 per cent to 14 §:+0-18 days
was obtamed using this antagomst within the total dosage
range of 250~1200 mg./kg. The effects obtained at the higher
dosage levels (near MTD) were withmn the same range as those
obtained at lower levels, 300-600 mg./kg.

A resistant hne was procured starting with the 200th
transfer of the sensitive line. The resstance eharacteristic
was app after five consccutive tramsfers in DBA/2
mice recewving 75 mg fkg. X7 dosage levels. No influence of
6-mereaptopunne could then be demonstrated i this line;
test muce with and without antagonist dying at 9-0.40-18
days. Cross-resistance, similar to that observed in the 8-
azaguanme-resistant hne, was found using other punne
analegues (Table VIIY) but sensitivity to TEM and Amethop-
term was evident. A considerably inereased sensitinity to the
fohe antagomst was characteristic.

Mode of Action of Purine Antagonists
There appears to be hitle doubt that the purine antagonist
$-azapuanine s incorporated nte nucleic acds.  This has
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Origin of Resistance in Leukemic Cells
to Antimetaholites

It appears extremely likely that the transformations to
resistance or dependence observed mn lenhmmie cells of the
mouse oceur spontancously and rather generally among
populations of leukmmic cells; the role of the antunctabolite
is merely that of a selective agent (Eaw, 1032a), Increasesin
resistance have been shown to occur m a diserete step-wise
faslnon (Law, 1952a) resembling in this respect the develop~
ment of resistance to penicillin in bacteria (Demerec, 1918). It
is smpossible to determine with these somatie cells whether
the observed transformations are genetic. In Escherichia eoli,
strain K12, a sexually fertile stram, it has been shown that
the changes to resi and depend , using
streptomycin, appear to have ansen by change at a single
gene locus (Newcombe and Nyholm, 1930). Thus, these
traits in bacteria behave asif controlled by allelie forms of the
same gene locus,

Practical Considerations
Out of these studies have come two avenues of approach to
the chematherapy of leukemia which appear to be of utmost
significance. The first relates to changes in sensitinity to
folie analogues of leukaemic cells transformed through the
use of purine antagonists; the second refates to a use of
ons of anti-leuk agents 1 an attempt to
suppress the selection of spontaneous mutations to resistance
and dependence
Al three varant sublines of leukemia L1210, dependent
upon 8-azaguamne (8-AG-D), resistant to 8-azaguanine
(8-AG-R)} and resistant to 6-mercaptopurine (6-M-R) show a
stnking increase i sensitivity to the folic antagonist Amethop-~
term. This change 1n response 1s simlar to that recorded by
Elion and Hitcluings (1953) in a 6-mercaptopurine-resistant
stran of Laciobacillus caser which shows a sigmficantly in-
ereased requirement for folic acid,
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adequate or that some metabolite other than the four physia-
lopical punines must be supplied. It will be of interest to
attempt yeversal of G-mercaptopure effects in leukamic
cells by the ribosides and ribotides of adenine.

Some suggestive prelumnary data ebtaned throngh a study
of nuckese aeld metabolism of senntive and dependent
{8-azaguammne) leukwmie cells of leukemia L1210 are at hand.
8-Azagunamne-2-4C has been found to be incorporated info
the RNA of senstive Jeukemic cells at levels 100 times the
tncarparation of thus punine antagomst mto dependent cetls
{Bennett, Skipper and Law, 1853). This may he considered
as evidence that fixation of §-azaguammne in nuclese acids may
be related to the careinostatic activity of the compound. Low
levels of meorporation of the purine antagonist 2 : ¢-diarino-
purine {as 2, 6-DAP-2-4C) in dependent cells have also been
found (Skipper, 1953) whereas the utiization of thymine and
guamne {as 2-1C products) 1 of the same order of magm-
tude in senative and dependent eells, Siuce 2: G-drammno-
purine s knows to be readily converted to nuelere acid guanine
{Bendich ¢ al, 1950) these vesults indieate a difference in
capacity of the thwo types of cells to utthze thas compound as
a source of guamne.

The observations discussed above concerning metabolism
of sepsitave and transformed Jeukmmie cells suggest that
differences i nucleie acid metabolism may exist.

¥t has been reported by Hirschberg et of (1852) and by
Gelthorn {1953a) that experimental tumours most sensttive to
§-azaguamne have a low concentration of an enzyme (deamn-
ase) capable of converting 8-azaguanine to 8-azaxanthine (a
non-carcinostatic agent) m contradistinetion to those tumours
not mfluenced by the compaund. Thus, 1t s suggested that the
variation m response of neoplastic tissues results from ther
abihty to metabolize 8- azaounnme to an mactive form. In pre-
Tuminary studies pamng wons of L1210
sensitive and 8 d Jent cells this docs not appear
to be true, smnce enzyme levi els obtamned, although relatively
high, were the same 1n Poth types of celt {Gelthorn, 1953b).
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Table IX shows this striking difference in respouse of the
d dent leukemic cells {8-azaguanine) contrasted with the

usual response of the semmve Jewkwemin {Law e aol., 1653).

Table IX

B-AZAGUANINE-DEPENDENT LEURZMIA L1210 AND AMETHOPIERIV

Dosage ) Xo Suncaval in

Compound g lke Mue angr
B'Awguanmc—dzpen

None e 15 sio 45
-aznguamne [N N 'sts 14 12140 23
Amethopterm . 3x4-9 81 63 18.17*

Sengitive

None N N — 145 7940 00
g.azaguansme . 75% 8 58 12 430.20
Amethoptera . Ix4-8 | 15 3T 136 60

*33 mice (23 2 per cent) negatsve at 00 days

The data of Table X appear to provide a clear rationale
for the use of two of more anti-leukemmuc agents acting
ndependently. The two most effective compounds used i
the laboratory, Amethoptenn and 8-azag , have been
shown to act as selective agents an the tsolation of resistant
and dependent mutants Each also has been shown to act
mdependently of the other, Smee there appears to be no
known methed for decreasing mutation rates, and st is un-
hkely that the host can alter the process of spontaneous
mutation, the best approach appears to be an attempt to
suppress the selection of spont: usly oceurnng t forma-
tions. The prmeiple of combined therapy with two or more
agents acting ndependently has been used successfully in
infectious discases, partscularly mr the treatment of tuber-
culosss. If the frequeney of mutation to reswstance of a eefl,
hactenal or cancerous, to drug A 1s 1 X 1075 and a frequency of
mutation to drug B 1 1x107% only one ccll m 104 will
simultasicously develop both mutations.  Thus, doubly

resistant mutants have a neglgibk bability of r
m a senstitve tumour o bactenal populauon m the presence
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Experimental evidence favours the assumption that the
vanant cells anse by spontaneous mutation, which oeeurs
constantly in populations of leukemic cells, the anti-
metabolites acting as selective agents 1n the isolation and
propagation of the variant forms.

Certain  preliminary metabolic studies relating  to

h of resi and depend are given,

Some practical considerations relating to suppression of
resistant leukzemic cells and the use of altered sensitivity to
folic analogues are diseussed
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of two or more effective agents which extubit different
mechazusms of action. It may be seen from the table that
although these two antimetabohtes, given one after the other
at dosage levels below the MTD, are effective in in-
creasing survival, when gwen simultancously, there is a
striking potentiation of effect. Many of these mice, though
recerving a standard dose (8 x 10° cells) of leukwemic cells live
beyond a nmety-day persod and show no evidence of leukemia,
These survivors, i all probability, represent cases in which alt
or most leukmmic cells were killed and doubly resistant
forms completely suppressed {Law, 19526).

Summary

Transformations to resistance and to dependence arc found
to oceur rather generally among acute lymphoeytic leukemias
of the mouse. Two types of antimetabohtes have been used
1n the development of these vanant forms- folie acid anta-
gomsts and purie antagonists.

Leuksemic cefls resistant to or dependent op folic analogues,
are minbited by ather non-related anti-leukemic agcnts, but
show a characteristie er ance {or or i )
to all other 4-amino-substituted fohe antagomst.s Folie
acd and aitrovorum factor were found not to influence the
growth of vanant cells but both compounds reversed the
growth-promoting action of Amethopterm in dependent
fenkeemic cells

Leukaemue cells resistant to or dependent on purne

ts (B and 6 ptopunine) show eross-
resxstancc {or cross- dependence} to all other pursne analogues
tested, but other ds reman car atse
A stniking merease m >ensmniy to folie analogues of all

anti-purine variants was observed.
The changes discussed are shown to be stable, wreversible

and hentablc No reversions to sensitivity or from one form
tp another have oceurred among many hines catried m trans-
plant for 50 generations oI more.
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T should like to make n few camments on thus as it applies to chnica)
work and to some other expenmental work. \We have tried in Linc 1
feukarmia in C58 mice fo compere the effects of this tumour in converting
obie acid to ertrovarum factor with a vesistant varnant of the same line,
As Dr. Law mentioned with fus hine, the L1210, we could find no dif-
ference between the resistant sad sensitive cells, in contrast to the

ey pea ait wlanmng 50 that there 15 &
system in the sken wlich is very sensitive to thas, at dosage levels whuch

3 our experience had no effect on the tumour whatsoever
I H,unl- the incorporstion studies that Dr Law mentioned are x-

dependency
a iappow: I also wondered about the speed of confesment of depen-
ence

W Ths depends on the type of leubmmua selected. Sometsmes it s
rather rapid, 1n four to five transfers, in other cases it has tahen 16-20
tranisfers

S

Lan Youwould expect s5o. But we haven't apphied selectyy e pressures
to 'iee f back mutations occur as they do occur i bacteria
I M R PE
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DISCUSSION

Dustix I should like to ask two sunple questjons, Al these drugs
mhgbit growth of most cells, leukense and others  Has any sttempl
been made to see ([ pormal nondeukzmue cells would also become
sesistant to, or dependent on these drugs? May leukomee cells have &
tugher mutation tate”  Secondly, I agvee that the drug fastness v
apparently due to mutation. But mught not these drugs be mulagens
themselves?

Law T see no reason why one coukin’t get resistance ot dependence
1m normal cells, it s just & very difficuit thing to do  { thunk that other
cancer cells will do the same thing, I believe sarcoma 180 develops
remstance {0 an antipurine It 2 also quite hkely that soree of these
compounds are mutagens We have found, houever, that if you start
with a large population of leukzmic cells and select various sublmes,
that you armve at zessstance or dependence withont the use of the
compound.

‘Burcuenar There s o farr amount of evadence mn the hterature about
Ty for example, 1 and fies
DDT, malanal orgamsms becoming ressstant

o over th of

normal systems
developing resistance to
and

to
years to colchicne.
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Tt has just oceurred 1o me, sftez hearing Dr. Kieler, that these sub-
stences may be {he equivalent of bactenosiatic agents they are eyto~
statie; they are inhulating the grawth hut they aee not halling the cells,
After woubation for o weeh or so with Amethoplenn, he con st}
transmit the Jewkemia to toee  Wih bacteria that In reasomably

isfactory—with & b ngent the defensi hanisms o
1he body wilt take eare of the few that remain—but probably {n human
leukzemiin we are dealing with no effectine resstance on the part of the
hast. Tfwe just jnfatat these colls, preiiaps even if we falubit them with

thirce or four stilf they 'R come back. avargumg
rgaeast my sel, becanse I defimtely beheve mn the rationnle of combina-
tien therapy

Law Thearetically it Is better {o use spents umuitaneousty, if this is
a spontancous mutation m the genetic sense, than to use one wgent fol-
Jowed by snother apent—unless one encounters the situstion which T
discussed earher where one agent changes the suseeptibility of e
teuhanmic cells ta snother {e g the snttpurnes merease the suscepti-
bilety ta the fole antogomistsy. That ss & possibility, Hut the stuation
1 man s such that the agents are not very selectite, there aren’t very
many of them, and by the time you give them 1o & patient you have &
teemendous papulation of feukamue cells You are very probably deahing
with quite & Targe population of sensitave cells,
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nar nent an mare 1waq Hasaceame D ccdae $a abda non Alanad Tneeanine

3 had little i on t of
sensitive and resistant cells.  Even after incubation for one week with
Amethopterin 1n 2 concentration as high as 100 mg. per cent, you conld
transfer the cultures to wice and they would alt develop leuherua and
de 1 the course of seven to eleven days; and in thus respect there
was no difference whatsoever between sensitive and resistant eells.
We d too the possibility of d ification of the i

ustng mitial concentrations of 50 milligamma and 25 mitigamma per ml
1n the cultures  Even alter six days’ incubation no decrease could be

mn the ion of the drug in the medmm by the

i

decrease of nutotic activity in the sénsitive cultures, while a concen-
tration of 10D mg. per cent was necessary to ohtawn the same effect 1
reststant cultures,

I wonder whether Dr Law has found any data on the intraceiinlar
distribution of the drug i sensitive and resistant cells? Counting the
mitoses, we found that Amethopterm would not cause any shift in ihe
distribution of the mitotic phases This 13 in disagreement with what
has been found i fibroblast cultures but, as far as [ undesstand, is in
perfect agreement with Dr Dustin’s findings. The absence of any phase
speesficity suggests that the actton of the drug takes place dunng mter-
phase, 50 1t 15 ption of the
drug 1 the resistant cell may explam the resistance  And if the mtra-
nuclear formation of ettravorum factor tends te overcompensate the
neutralzation of cytoplasmue eitrovorum factor, a decreased muclear
absorption may even explan dependence

Mocscurr: In what way can we apply these findings to the climcal

of n tlus | wark we are studying a
stramn whieh already contamns some resistant cells  If we treat 2 patient,
in many cases we have a non-resistant stram at the beginning and
tesistance develops after some weeks or usually some months. At
present I think it is probably better not to apply the drugs in combna-
tion but to start with one drug and if resistance develops change to
another one. I think we can prolong the patient’s hife longer than if we
combine from the beginning,

BurcneNaLs With other drugs in leuharmia a resistance has also been
shown, and the lymplosarcoma of Heitman and Kendall defimtely
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foei, and the marked tendency of the cells to nvade the
blood-vessels of the neoplastic arca led us to suspect a rela-
tionship between the Murray-Begg endothelioma and certain
types of leukosis.

We therefore sought to determine whether leukzmtc forms
of the Murray-Begg tumour could be induced, and in order to
achieve this we tried to modify the host 1n some way. Experi-
ence has shown that every time a virus remains active in a
modified host, changes in its behaviour are likely to occur.
After many falures we have finally succeeded by utdzing
X-rays. Chickens recerved whole-body irradiation of 1200 r
one day prior to the moculation of tumour cells, and the
endothelioma whieh then developed was again grafted into
irradiated chickens. In the thurd passage in irradiated fowls
we obtained two tumours with leukzmia. The bone-marrow
of one of these amimals, injected intravenously, produced a
tumour at the pont of njection n the wing. One of the
ammals mjected 1v with a cell suspension of this tumour
developed a pure leukzemta, without any tumour, the only
case so far observed Intramuscular injection of the cells from
the same tumour produced in successive generations six
tumours with leukermas in 26 fowls Thus far it has not been
possible to maintain the process 1 1ts pure lenkerme form
through 1,v njection of leukazmie blood.

The leukzme form of the Murray-Begg endothelioma 1s
primarily characterized by the changes that occur in the blood,
The picture shown in a blood smear 1s clearly that of leukeemic
blood, the number of white cells 1s considerably increased,
lymg between 40,000 and 200,000, The new cells consist of
large round or ovoid forms contaming a large irregular
mmeleus, usnally eccentric 1n position and having a delicate
network of chromatin and several nucleol. The cytoplasm,
which 15 markedly basophilie, contans no granules but 1s
frequently vacuolated. Mitotie forms are almost always
found These cells therefore closely ble heemocytobl:
stem cells. Eryth s and megakaryocytes are e
present as well. Both the lLiver and spleen are markedly

EUR HER

10



LEUKZEMIC FORMS OF THE MURRAY-BEGG
ENDOTHELIOMA

CHARLES OBERLING

Work on the Murray-Begg endothelioma at our Institute,
carried out for many years in collaboration with M. Guerin
and Mrs. Lacour, has completely confirmed the carlier descrip-
tions given by the British workers in 1930. The peculiar
morphological features of this tumour readily distinguish it
from all other filtrable fowl tumours., The cells present very
variable aspects, which can be classified into three categories.

Firstly, there are the cells of the fibroblast-macrophage
type. The zones of tumour that are composed of such cells
may elosely resemble a Rous sarcoma. Areas with abundant
macrophages may be found beside the fibroblastic regions,
and a striking feature of the Murray-Begg tumour is the
abundance of giant cells, especially surrounding zones of
necrosis.

The second characteristic type of cell 1s the round or
ovoid basophilic cell which may be compressed 1nto polygonal
forms. Such cells always contamn a more or less eccentrically-
placed vesicular nucleus y g 2 large nucleol Cyto-
Iogically, they closely resemble immature blood cells of
the heemocytoblastic type.

The third class 1s composed of cells of endothehal type.
These often occur when the tumour cells replace the endo-
thelmm of the vessels 1n the mmvaded areas, but 1t 15 considered
that the tumour cell itself can give nse to endothehal struc-
tures independently of the nature of the tissue mvaded, as
shown by the formation of angiomatous structures.

Several considerations, such as the presence of the hemo-
cytoblast-like cells, the tendency of the tumours to give nise
to diffuse iwnfiltrations rather than well-defined metastatic

130
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obtain leukemias from a process which for thirty years has
always been known as a sarcoma.
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DISCUSSION
Furtn We also described a virus (our No 2) which caused both

When we mjected the virus subcutaneously we got sarcomas, and when
DA s e i A A S i e g

known as a tumeur, and now it appears that under certan eircumstances
this tumour can take the form of a leukemia



132 CrarLes OnEruING

increased in size—the latter weighing 5-8 g—and are
heavily congested and show the violet colour typieal of
erythroblastosis. The lungs are infiltrated with hemor-
rhogic areas, and the kidneys similarly may show dark
infiltrations.

Microscopreally the liver shows infiltrations, mostly located
m the penpertal spaces. Hepatic cells have d)sappeartd
from the affected areas, and are replaced by
in the form of continuous sheets in which the individual cells
are not easy to distinguish,

In the bone-marraw and spleen, the normal parenchyma is
replaced by infiltrations of large eclls identreal in all respeets
with those found in the awculating blood. Even at low
magnifications these cells are recognizable by their vesicular
nucleus and large nucleolus

The same celfular infilizations are found in the fungs
often massively developed along the wterlobular divisions,
where all trace of lung tissue may be obliterated.

In the kidney these focr fifl the dilated vessels and intrude
into the mterstitial tissues, thus destroying the parenchyma.

Controls were represented by the ammals of the normal
tumour transfers  Suddenly Feukmmias occurred in these
chickens too  So far, four cases have been observed i 21 fowls
imjected with tumour material.

It must be added, however, that at a certain stage the
orygmnal tumour stram had been lost and replaced by ene
which had passed through an uradiated c¢hick. In order fo
make sure that the appearance of leukmeme forms s really
refated to the X-ray actwon and not due to a spontancous
variation, this work has to be started agam with the ongual
stran of Murray-Begg endothelioma. This mvestigation 15

now under way.

Whatever may be s result, there clearly exists a close
relationshup between Murray-Begg endothehoma and leukemic
conditions. It may therefore be concluded that not only s 1t

ible to derrve from leuk as was shown by
Oheﬂmg and Guenn some twenty yeass ago, but alse to
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not suiteble for the electron microscope, where the greater
power of separation reveals more subtle alterations. The
idea of artifact has been developed: we are no longer content
merely to try to conserve the broad lines of tissue and cellular
structure, but wish to immobilize the macro-molecular
structures. This problem has been the object of some recent
studies (Policard et al., 1952,1953) towhich we refer the reader.
The necessity of having very thin preparations is another
difficulty, the final solution of which 15 not yet apparent.
The method of making sections has not yet been perfected.
The first really encouraging results date from only a few
months ago (Sjostrand, 1958) It has thus been possible to
oilaimoalom moLcoe PR

and or ch 1d techniques (Bessis, 1954},

These hnig have provided inf 1on on some
cellular constituents (e g. the number and form of cytoplasmic
granulations), but have shown nothing defimte, or nothing
new, about the disposition 1 situ of even the largest protem
molecules, nor about the structure of the nucleus, for instance.
The first escapes us because of fixation artifacts, the second
because of the thickness of the object exammed. In short,
the enormous resolving power of the electron microscope
cannot yet be utihzed. The apparatus can magnfy 100,000
times, but 1n the tissue we are considering, 1t reveals mainly
artifacts. We may, however, hope that improvements 1n the
near future will reverse that judgment

Investigators have attacked the problem of the morphology
of the leukemic cell with the electron microscope from two
different directions' the search for a virus, and for sub-
mucroscopic malformations of the cellular constituents; we
shall sammarize their observations.

Search for a Virus

As 1s well known, many viruses have been made visible
with the electron microscope, not only 1n the 1solated state,



RESPECTIVE VALUES OF ELECTRON AND
PHASE-CONTRAST MICROSCOPY IN THE STUDY
OF THE LEUKAZMIC CELL*

A. LACASSAGNE and M. BESSIS

Stuny of the leukemic cell with the aid of the classical
histological and hematological techniques does not seem
capable of much further development. This is the reason for
the interest shown dunng the past ten years in new methods
of investigation, especially mn eytochemistry and clectron
and phase micrescapy. We shall try to summarize the results
obtamed by the latter two techniques and to discuss the

hmits and posstbilities of ther apphcation

Electron Microscopy of Blood Cells

The clectron mmeroscopes at present avait-?” : 1
magmﬁcatmn of about 140 ~nm 7 '
1o Yormnt
b . w1 au vmumn. of mercury;
t , a1¢ dead and completely desiceated. The

other arnses from the impossibility of examming objeets
more than shout 0 2a thick.

These factors explom why the very considerable advances
made in the study of bacteria, viruses and mapra- - s
have no equinalents w evtale~ 77 ,
e arm e st .
befc .~ mstologreal section
and .

The necessity of observing dead and dried cells introduces
the difficult question of fixmg. Those fixataves winch are
considered suitable for the optical mueracnc--

AL nnm * ' .

film
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normal cells of the same type and at the same stage of matura-
tion. A leukmemic myelocyte or myeloblast can only be
compared with a normal myelocyte or myeloblast, and not,
as has been done, with normal granulocytes. It 1s difficult,
however, to separate and prepare for the electron microscope
immature cells present in small numbers in the spinal marrow
and mixed with all kinds of other cells. Moreover it is difficult
tor the lattons (mitochond philic and
specific granules, etc.) scattered 1n the cytoplasm without the
aid of their staining affimties.

We shall confine ourselves here to indicating the findings
which can be definitely said not to be artifacts.

Myeloblastic leukzmia. The cells of these forms of
leukmia have the property of spontaneous spreading on
certain carriers, Their hyaloplasnue veil 1s very thin and can
therefore be d directly by t Y.

Using this techmique, Oberling and co-workers (1950), and
Bernhard and co-workers (1950) observed, as we mentioned
earkier, minute el of which the it d about

these formations were to be found 1n normal blood cells and
could even reach a derable degree of develop
there (Bernhard et al., 1950).

In point of fact, for demonstrating the formand true number
of granules contained in the eytoplasm, other techmques of n-
vestigation are preferable to spreading, which only allows the
orgamzers present in the hyaloplasm to be seen (Bessis and

. 3 e .

Bealen 1060 1020 Donn ~ 1Az Taze PRSPt

visible only under the electron microscope, 1t 1s difficult to do
more than speculate, In the present state of technique, the first
necessity 1s to explore and identify all the shapes and sizes of
granulations which may be encountered 1n normal myelo-
blasts—and 1t 1s certatn that this work will take many years.
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but also within the cells in certamn special eircumstances,
Some investigators have, therefore, turned their efforts in
this direction. They have been encouraged by the study on
Rous sarcoma cclls by Claude, Porter and Pickles (1947). In
the hyaloplasm of sareomatous cells these suthors discovered
the presence of spherical granules of about 70 my in diameter,
extremely opaque to electromic radiations, not found m non-
sarcomatous conirol cells. Previous ultra-filtration and ultra-
centnnfugation studies (Claude, 1937; 1939) had shown that
the mfectrve particle must have preciscly these dimensions.
These observations were therefore loudly acclapmed.

In 1950, Oberhng, Bernhard and collzborators deseribed
sinular g tations 1n human Jeul cells, and put forward
the hypothesis that this was the leukwric virus, Shortly
afterwards, however, 1t was admitted that comparable
appearances were to be found m normat cells (Bernhard ¢f al.,
1950; Bessis and Bricka, 1851},

We may, therefore, say that the search for a virus in
eukeemie cells has for the moment recarved & set-back. This
does not imply, however, that 1t 1s not there; the virus might
be concealed (i the nucleus, for example), 1t mught pass
through phases 1n which 1t forms part of the host-eell protems,
and 1 therefore umdentifiable, or, as Bernhard and Oberling
(1958} suggest in the case of the Rous sarcoma, st mught only
be present 1 one eell out of 100 or 1,000, It myght also be
represented by one of the numerous sorts of granulations of
all shapes and sizes found 1 the eytoplasm of leukemie cells.*

Search for Characteristic Malfermations
We must first of all refer to the difficulites encountered
in finding controls Leuksmic cells must be compared with

SADDENDUM Thete 1s a0 Teason g grior for tiunkeng that the viry should
be suy more opaque than other ceBiular protewns to electromue raya  hith
rogard to the Rous sarcoms, or mstance, Claude's studics n particular hase
hown that the virus has 5 molecular weight ard chemical composition very
class 1o those of the nbonucleoprotein tcrosornes of normal cellular proto-
plasrn 1t 13 diffenlt to see why one should expect 10 be able to dstinguish
The vorus s cancer cells from otfier cytoplasmc particles of idestical comgasi-
fom and molecular WeIght
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and not myeloblasts, and in chronic leukemia, while Auer
bodies characterize acute leuhwemin, In addition, these rods
appear to be formed during the crushing. In this, and this
only, they resemble Charcot’s crystals, Finally, they are
found only in some lymphocytic leukmmias, and hever in
myeloblastic or monocytie leukemias; on one oceasion, how-
ever, some were observed in a plasmocy toma,

In conclusion, the clectron microscope has shown in
leukemic cells: {1) malformations or ymmaturities of the
cellular components conforming to classical ideas on leukemic
cells; (2) para-erystalline formations which are not constant
but apparently speaific for the type of cell affected.

Study of Leukmemic Cells by Phase-contrast
In the ordmary optical microscope, little can be seen in
lining protoplasm; the differences in refraction between its
various structures are too shight, and one must be content
with the more or less indistinet 1mage obtained by stopping
down the condenser to the hmit. On the other hand, the
phase-contrast microscope gives a distinct 1mage of the dif-
ferent cellular p chromatin, hondna, centro-~
some, speaific granules are all often clearer than 1n fixed and
stamned preparations, It thus becomes possible to observe
signs of damage or pathological states directly 1n the cell;
m short, to observe the effects of experimentation on the
hving cell
The 1my of ph trast ton 15 further
1 by i it with microcineph phy.
Many movements of cells and within cells when seen with the
optical mucroscope are so slow as to pass unnoticed. Time-
lapse cmephotography allows them to be recorded and
analysed. Tracings obtained from these pictures permit the
reconstruction of these ph and the of
deformties undergone by various cellular organs as a function
of ime  The number of reports on this subject 1s still very few
{Pohicard and Bessis, 1952, 1958; Chevremont and Fredene,
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Among all the pranulations to be seen in normal and
leukiemic myeloblasts, some are visible under the optical
mucroseope and are perbaps charactensstic of leukamie
myeloblasts; these are Auer bodies; their appearance is
para-erystaliine, rod-shaped, more or less slender lozenges,
measurmg about 0-5 to 7g neross.  The electron microscope
shows them very planly. It also shows the existence of
“micro-crystals” (Bessis, 1951) inwisible under the optical
micrascope, and these may be found m cells without any’
large crystals. As these formations have so far only been
observed i levkmmic cells, they certamly deserve further
study. .

Myelocytic leskemia, With the aid of the cleciron
mieroscope, details have been obtamed about malformations
of cells, especially the granular anomalies, previously desenibed
with the optieal nmucroscope. They vary greatly in numbers
from one cell to another- some cells have almost none at all
others are practically full of them. The form of the granula-
tions themselves is very much modified; some are twice or
three tames as long as wsual. Moreover, the majority of the
cells present very few rod-shaped granulations and large
numbers of round ones, which s the reverse of normal. Tlis
probably represents the survival of rmmature granulations
n cells with mature nuclel, and 15 just one of the forms of

narchy m leo~cytopl develoy

Lymphoblastic and lymphocytic leukeemia. As the
cells of fymphocytic leukema lack the ability to spread,
they have so far only been observable by grnding and
destruction methods The latter technique has permutted
canous formations to be observed (Bessis, 1951} Among
the mitochondria have been observed rods with rounded
ends, numbering from tw o to 20 to o cell, the largest measuring
from 1 to 1-5z i length by about € 2z aecross, and the
smallest being considerably beyond the resolving power of
the optical microscope The rods are sometunes arranged
parallel and very close to each other. These formations cannot
be Itkened to Auer botdies; they are found n lymphocytes
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succession of different morphological phenomena leading to
disintegration of the cell scems to take place according to
qmte t)pxcal modahlms. of which there seem to be five

jon, karyolysis, pyknosis, for-
mation of exoplasmie lmllw {potocytosis) and vacuohzation,
These different, alterations certminly correspond te classical
anatomo-pathological aspects; but here one may see them
actually taking place before one's eyes, measure the degree
of inflation er retraction of the structures, the order of
precedence of the phenomena, ete.

It is particularly mteresting to hnow that different drugs
or toxing produce only one or other of these aspects i the
cells. Studies on this dast poant are still only at ther very
beginmng.

“e }m.ve underm).en Y study of the action of certam ants-

di and anti-] ytic
armbodlts on leukxvmxc cells “c report here our first results
0 briel,

Polonium. From o siver film on wiich polomum has
been deposited, fragments meassnng 0 3 to 10p are
mtroduced between <hde and covershp  The effect of
alpha-radiation 15 slready visible after a few  mnutes
The eell begis to swell, it seems to imbibe hqud, the cyto-
plasmic granules are ammated by hvely Browmian movements
At this stage the nucleus 1 still normal or shightly dummshed
n volume. Ina second period, after sbout five or six minutes,
the pucleus t hghter and ferabl i d. The
nucleol then appear quite clearly dark agamst the light
chromatin ground. Often they divide mto three or four parts.
Funally n most cases the nuclear membrane bursts and the
nuclear contents and the nuelech are spiled out mto the
eytoplasm, some ten to fifteen mmutes after the beginming of
the experiment,

Hypotonia. Very strarlar appearances are obtamed by the
stmple action of distifled water This suggests that the cell
alteration observed i nstantancous death due to radation
15 due to the breaking down of a barner of osmotie equihbrium,
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1951), but everything points to its being destined to play an
important part in eytological research.,

We shall now briefly review the principal new discoverics
made with the phase-contrast microscope on the leukemic
cell with or without cinematographic recording.

Appearance of Different Leukemic Cells

Phase-contrast shows up well the nueleus, nuclear mem-
brane, nucleoles, specific granulations, mitochondria and
various cytoplasmic formations (fat vacuoles etc.). The Auer
bodies in acute myeloblastic leukeemia are much better demon-
strated than by staining methods (Bessis, 1949).

Microcinephotography allows the various cell-movements
(reptation, spreading, putting out various expansions) and
intracellular movements (oscillation of the centrosome,
formation of contractile vacuoles, etc.) to be studied (Policard
et al., 1052, 1953; Bessts and Locquin, 1950). The cell-move-
ments are to a certain extent characteristic of the different
cell types, and sometimes permit the diagnosis of the type
affected when no clear distinguishing feature ean be discerned
1n fixed and stamned cells. In particular, monocytic leukema
may be differentiated from certamn acute myeloblastic or
Iymphoeytic leuksermas.

After a certamn time between shde and coverslip, a trans-
formation 1s often observed in the nucleus, which, from a
regular rounded shape, becomes folded and progressively
takes on a three- or four-lobed appearance The nucleol: often
divide 1n the same way, each 1n one of the nuclear lobes. Ilere
the so-called “Rieder cells” are bemng formed under our very
eyes. These cells are in no way specific for leukeemia, as has
been mamtained. They may be seen forming 1n normal blood
or bone marrow under the same conditions. They undoubtedly
represent non-specific signs of cell pathology, but 1t 1s true
that they are often found 1n leuksemic cells in vivo.

Another interesting aspeet of the behaviour of normal
and lenkzmue cells 1z vitro may be deduced from the changes
preceding cell death. During spontaneous autolysis, the
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reactions of various cells to environmental modifications and
the administration of various anti-leukmic drugs. Substantial
results may be expected from 1t in the near future.
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DISCUSSION

Gorer  Can you tell us any more about the case with auto-
ymmunization®

Essis It was & woman with alewhzmuc lymphatic leukemia
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Antibodies. Heterogenie antibodies {anti-human-leucocyte
rabbit anttbadies} produce two types of phenomena aceording
to thewr strength. Very active antibodics lyse the cells in a few
minutes, and a sequence of phenomena the same as that just
deseribed 15 observed. Less active antibodies cause granulo-
eytic phagocytosis of the cells A regular pursuit of the
sensitized elements by healthy cells takes place, usually
ending m complete melusion or the separation and phago-
eytous of only a part of the cell {a phenomenon identieal
with erythrophagocytosis Policard and Bessis, 1953).

In one case we were able to study cinematographically
the action of an auta-antibody. It was 1n the case of @ woman
(André of al, ¥95%¢) with lymphod feukermia, and with
appearances of lymphogranulomatoss in the spleen. Homo-
genous and autogenous lymphocytes were destroyed and
phagocytized by her serum. The pursuit of lymphaocytic
elements by the granulocytes was particularly stuking in this
case.

Aminopterin. Traces of tins fohe acid antagonist, added
ir wtro, produced violent contractions of the cytoplasm and
of the nucleus especially, termmating wn tortured appearances.
Two- and three-lobed forms are frequent. Methoptern
produces sumlar results, with teropterin (inactive agamnst
leuk } no such apy are observed These signs
of cell pathology are, however, in no way speaific for these
drugs, we have observed them with quite different products,
such as colchicine or phenobarbital,

Summary

The electron mmcroscope has revealed some new malforma-
t1ons 1n leukeennc cells, but 5t has not yet been possible to find
anything speaific  Great techmeal difficulties in the prepara-
tion of objects make the use of very high-power magnification
pomntless at the moment.

The phase-contrast microscope has shown many new
detasls i the dynanuc appearance of leukemmuc cells.
Combined with phy it facilitates the study of




GExeraL Discussion 145

Patensow. Have you scen the effect on the dividing cell as well as on
the resting cell?
Bessis: No, in this experiment we only studied the immediate lethal
effect.
D

polc ) f
dist

ther .
break, With polontum you have what you find after X-rays, the chro-
matin first becomes very dense agamst the nuclear membrane which
eventually breaks

Bessts. That depends on the rapidity. When the cell destruction is
Tapid, the chromatin has no time to condense before the nucleus breaks.
‘When the process 1s slow the chromatin sticks to the nuclear membrane
and the nucleus becomes “pycnotic”. The same effect 15 produced by
many other nowious agents, as, for example, Anunopternn or
Methopterin,

Dusmiy I think the question of the Auer bodies 19 rather rmportant.
Of course, they are not Viruses, but they may be some hind of abnormal
protem buwlt up by viruses So 1t 15 very mpnrtant to know if they
exist only m leukznuc cells Dr Bessis has stated very defimtely that
they do.” But I feel sure I have read somewhere that Auer bodies have
been desenbed 1n_non-leukeme cells.

Moescuuin: A Japanese published a monograph 1n 1038 or 1939 on
the Auer bodies (Rohr has the ongnal psper) He could demnnsmce
them i normal , 10 and m
has wonderful pictures, so X Think there 15 no doubt, But whether they
are chemmically different from the Auer bodies 1n leukzmua 1s another
question,

Bessis The old hematologmsts used to eall lymphocytes some cells
which we now call myeloblasts To my kno“ledge, Auer bodies h:ne
been described only 1n nd only mn } er
erystalline bodtes have been described in plasmucytlc {Undntz) and m
lymphatic leukarmias (Bessis).
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She had severe transfusion shock, and then could not be piven
further transfusions, although we had very carefully selected the dlood.

We decided to perform a splenectomy 13 as attempt 1o stop the herno-
Iytic process. The spleen was enormous. To our surprise, when the
sections were made, we found Sternberg ceffs. e thought that at
was an assocsation of Hodgkin's disease and lymphatic Jeukema, swhich
18 very rare. The titre of the antileucocytic anto-antibodies was much
reduced afterwatds. Now, after three months, she 1s better and she s
ne hemolytie anemia, but shil has Jeukamic symptoms.

Gross: Was this woman sensitized by transfusion?

Bessis: Yes, it 18 possible.

Dusrin: Have you studied the formation of “L E. cells” by tbe
microcinephotograph technique?

Besyis Yes, ne saw the formation of “L.E. cells" and **Tart cells”
m all stages  Vihen the cell 1s lysed and then phagoeytized ne get an
L.E cell When the cell 13 phagoeytized without having first been lysed
one gets the Tart cell In the ease of the patient T have just mentioned
beth phenomena could be observed.

PoLur Can you say from your expermuents that the nueler of the
fenkwruac cells differ from normal ones?

Bessts T do not kuow,

Facravvs How did you carry out the experiment with rabbit
antibodies?

Brsses- The antdeuhaomic cell serum was obtamned by inoculattag
rabbits with husman leckemic cells. The serum was then subjected to
adsorptaon by red cells to ehminate ted cell antibodies

IsraELs: Do phagoeytice phocytes m sormal bloed,
or 15 this only seen 1n leukmmie blond?

Brasts Polvinorphs phagoeytize everytiung, red cells, platelets, ete.,
if the cells are sensstized by antibodies.

MoesesLin Dr Bessis speaks of auto-antibodses. T think it would
be better to use the term wa-antibodies to normatl cells, because prohably
they are not real they are probably fi
anttbodies which are adsorbed on the surface of the cells, ¥ think true
auto-antibodies are very rare

Brssss But (i the case of our patient, she phagocytized her own cells

Mosseuuy  Yes, but you may have, for example, a virus, or & non-
speetfic antibody which 1s fined on the celf surface and changes the cell
in suchs a way that it 18 regarded as a dead or foreign body which wil
then be phagoeytized It 18 Just & matter of definttian, but ¥ think auto-
anitboddies are zeal sntibodies which are only speafic agamst thewr own
cells, but these no-antibodies are only specific for some other Jand of

antigens. A typieal example 15 the tequired haemolytic anxmia and
sometimes even pancytopenia (see Moeschhn and co-workers, Hived,
1954}, in “monenieleoss” or 1 “atypieal virus pnenmonta’,

Parersox: Yhat was the dose of pajomum salts, sud of wradmtion?

Brsgts We put the polomum on silver, and placed the hittle particles

of sitver {8 510 Mucra) o the medem, It j2 impossible to say what the

individuat dose was.
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and the leukemias are classified into (a) thymue, with or
without lized leuk and (b} leukemias other than
thymic. The thymic Jeukmmias were almost invarjably
lymphoid; the others lymphoid or of the reticulum cell type.

The number of ammals surviving thirty days and received

by us for observations on late effects (shown in Table I)

Table 1
THIRTY-DAY MORTALITY oF Mice EXPOSED TO ATOMIC DETONATION
Numb 2
Do, ptend et Pofeent
870-932 440 431 079
812-841 440 385 87 5
759-785 440 208 60 0
711-733 440 130 29 5
631-037 440 41 93
491-556 440 17 39
(367424 440 254 57 7%)
237-318 40 14 32
19; 220 [ 27
0 820 7 11
*These due to loss of aniuals d 1ab

tones,

indicate that the rmdlethal dose was about 750 r. All farther
data will refer to this population surviving the atomre
detonation by at least thirty days. Fig 1 indicates that
192-556 r, which virtually killed no ammals within thirty
days, reduced longevity 1n all dose groups, the degree of
reduction was proportional to the dose i the range of 841—
491 r but not mn the lower dose range

Longevity data are essential 1n the analysis of the meidence
of leuk®mia and tumours. The thyme lymphomas of mice
are the first to appear, the nonthymic lymphomas, reticulum
cell sarcomas, and myeloid leukeermias have a longer latency
period Early death, from any cause, may eliminate potentially
leukeme animals. Among the various tumours those of the
pitwitary have the longest latency period (over fifteen months).

The possible relation of pituitary tumours to leukeemas will
be considered later



INDUCTION OF LEUKEMIA BY
IONIZING IRRADIATION*

J. FURTH and 4. C. UPTON

Sixee Jagie et al. deseribed {in 1011) four eases of leukemia
amony radiologists and one 1n a rachmm worker, the increased
incidence of leukmmia among people exposed to jomzing
radiatron has been the subject of numerous articles. This
eausal relation was first confirmed experimentally by Krebs
e al. (in 1930) and later by many other investigators.
These reports have been fully reviewed elsewhere (Furth
and Upton, 1852¢; Furth and Lorenz, 1954}, In this paper
we propose to survey relevant recent studies of our own and
to discuss problems of leukzemogenesis on the basis of these
and other wmvestigations,

Leukemia Induction in Mice by Expasure to Experi~
mental Nuclear Detonation

Over 4000 genetieally uniform muce (LAF,), six to twelve
weeks of age, were exposed to atome detonation at various
distances so as to receive an estimated 192 ¢ to 532 1. The
radiation was composed predommantly of gamma rays of high
energy with some neutrans. The dose lethal to 50 per cent of
the anmmals was sbout 750 v Subsequent to exposure, the
nuee were individually caged until natural death and kept
the same ar-conditioned room, the cages bemg randomly
distributed. The preseut analysis uas made thirty months
after exposure, when a small pumber of amimals were still
alive. Bach dose group oryginally contmned 110 male and 110
fernale mce; the controly numbered 800 of each sex. For

phcity of pre t dose groups are cominned,

»Work performed under Contract No, W-7405-eng-26 for the Atomse

Energy Commussion
146
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induction of mediastinal lymphoma (cf. Kirschbaum, 1951).
An und ding of the opposite responsiveness of mice of
the two sexes to the development of thymie ly mphoma would
call for a special study involving wradiation of castrates of
both sexes of the respective stramns and the administration of
sex hormones 1n parallel series.

The cumulative incidence of nonthymic leukzmias is
shown 1n Fig. 8 A final interpretation of these data will

rrmats uars

7 res
30— - ol o

® .

20 % 0
AGE AT DEATH 1N MONTHS,

Fic 2 Cumulative merdence of thyrme lymphoma m mice ex-
posed to nuclear detonation, expressed as percentage of those
surviving 30 day s’ post-uradiation

have to be postponed until histological study of this hetero-
geneous group has been completed and all data placed on
punch cards, enabhng a correlation of survival tume and
ncidence of discases of various types It can, however, be
concluded that Iymphomas other than thymie occur later
and at a lower rate than thymme lymphomas, and 1t appears
Probable that they develop earher and with somewhat 1n-
creased frequency among the ammals exposed to 1omzing
irradiation than 1n the controls

The human counterpart of the total-body iradiation of
ammals 1s the unfortunate exposure of people to atomuc
explosion. The reports of Folley et al. (1952) indicate a marked
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Contrary to eatlier findings, the mortality rates were greater
in females, "This could be due either to a strain difference or to
individual caging, which prevented fighting, & common
cause of intercurrent death among the males,

The cumulative incidence of thymic lymphoma (shown in
Fig. 2) indieates that, again contrary to earlier findings,
males had a higher incid of thymee lympl at high
dose-devels than females and that wm males there was a fair

seumes

45E avogaTs m voNTHS

Fic % Cumufatne mortabty of mce exposed to nuclear

v d as of the number survTvag
30 days’ post-rradiation ‘The figures on the curyes express the
£xpasure intensity m F units

correlation between dose of radiation and lymphoma incrdence.
The disease occurred with greatest frequency in ammals six
to tnelve months of age, but as many as 5 per cent of the males
1n the dose group above the LD, had thymic lymphomas at
six months. It s notable that at exghteen months this type of
Iymphoma was still absent in non-wradsated males.

It 15 known that cestrogens are leukzmogeme m certain
strams of Tmce (Gardner, Dougherty and Wilhams, 1044} and
that ths effect can be nutified by androgens (ef. Kirsehbaum,
1051). (Estrogens src highly synergisic with Xerays in the
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have been myeloid and have occurred mostly in young persons,
the peak incidence being in the second decade (Lange et al.,
1954).

Most radiation-induced leukemias of man are myeloid.
The leuksmmias induced n the strain exposed to nuclear
detonation, as in most other strains of mice, are Iymphoid
and predominantly of the thymie type. Different strains of
mice vary in their responsiveness to iwonizing ir i
Mice of the RF strain, when exposed to ionizing irradiation,
develop myeloid leuk with great freq Yy, as will be
desenbed presently.

Exposure of RF Mice to Ionizing Irradiation

In a large-scale study carried out in 1949-52 mice were
exposed 1n the thermal column of the Oak Ridge reactor to
quantities of 1omzing radiations ranging from the LD, dose
to 1/16 of the LDy, The neutron flux was approximately
©0-9x10%cm.?sec. and the gamma contamination estimated
to average 5-9 r/min The mahlity to ehmnate gamma rays
or to evaluate them precisely, makes 1t difficult to estimate
the relative biological effectiveness of slow neutrons. For
comparison, siblings were exposed to doses of X-rays equahized
on the basis of their acute Jethal effects  In so domgat became
evident that the induction rate and types of leukemia were
about the same for a given dose of either type of irradiation.
Since the results, already detailed elsewhere, did not disclose

it qualitative between neutronsand X-rays
with respect to leuk@mogenesis (Furth and Upton, 1953b),
we are the bmed results to 1l the

induction of myeloid lenkema by 10mzing irradation 1n the
RF stram (Fig. 4).

Myeloid leukserma 1s mnduced with greater frequency 1 the
males of the RF strain than m females One hundred and
twenty-erght roentgens appears to cause more myeloid leukee-
mias 1 both sexes than 512 r This can be explained by the
fact that thymic lymphoma, also induced 1n this stram by
512 r but not by 128 r, appear eather than myelod leukzrma,
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increase of Jeukemia in the population exposed to atomic

bomb irradiation at a distance below 1500 m. of the hypo-

centre of the explosion, the incidence rate decreasing with the

distance,

The more recent report of Lange et al, {1954) gives the

following pereentage figures of leukemia incidencer—
Under 1000m. . . . . 0+7percent
3000-3499 . . . . . O-2percent
1500-2199 ., . .+ 0-02 per cent
Over2500 . . . . . 0-006 percent

FeuniEs MaLES

0
ATE a7 OEATH, 13 MONTHS

Fic. 3 Cumulatrve mesdence of nonthyme lekemua i nuce
exposed o nuclear detonaton, expressed as pescentage of those
surviving 30 days’ postarraduation.

Most people within the 1500 m. radws extubited symptoms
of radiati 1ckness; thus, the leukzma-i ing dose m
both men and mice is relatively ngh following a single ex-
posure, The findings of Lange et al, mdicate that the rate
is now on the decline, the peak having been reached m 1950
(21 cases) and 1951 (19 cases). In 1952 11 eases occurred.
There is, however, no way of telling how long the incidence
sate will be elevated and whether or not another peak will
oceur. Thus far, most induced leuksemias of this populati
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The Effects of Cortisone on the Development of
Leukeemia In Mice

Much current work on the induction of leukemia is related
to thymic fymph The s s feuk in the
tngh feuhmemia stram AK and in st other strains reparted
are predommsntly thymic; similarly, the leukamias induced
by irradiation are predominantly thymic (Furth and Forth,
1036). Removal of the thymus prevents both the develop-
ment of spontaneous lymphoma (Furth, 1846} and sty induc-
tion by jomzing irradiation (Kaplan, 1950},

Involution of the thymus has long been known to follow
stressful diseases, and the great varations sa the incidence of
thymie lymphoma in AK mice hare been expluned by
acordental involution of the thymus, When cortisone beeame
known as the hormone mediating thymie ihvolation, expern-
ments were undertaken on the effect of cortisone on lenkmmia
weidence by three groups of workers, apparently ndepen-
dently. Woolley and Peters {1958} studied the effect of ad-
ministration of cortisone on spontancous leukzma m 8 lugh
leukemua strain, Kaplan ef al. {1251) on lenkarma mduction
1n a low leukeerma strain, and Upton and Furth (1051) studied
both

Fig. 5 records two sets of expenments; i one a smgle set
of three mjections (3x 1 mg. cortisone} was given on three
consecutive days to mice of the high-leukensa stram AK,
m the seeond three sets of such mjechions were given. The
induchan of spontancous Jeuhmmia was libited but not
prevented by this treatment  Woolley and Peters gave
cortisone over a longer perted of time and caused a more
marhed infubition of leukamia development.

Fig 6 reeords the results of a set of expenments m which
the effeet of cortnone on the mduction of levkzmua was
tested 1m the RF stran, A smgle exposure to 850 r proved
highly Jeukemogente i this stran and both thymie lym-
phomas and myelod leukemns were mduced, as already
mdicated tn Fig 3. Cortisone alone farled to produce leukeomtn,
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and by the assumption that many mice susceptible to the
induction of thymic lymphoma would also have developed
myeloid leukaemia had they not been killed by the former.
The relation of dose to myeloid leukemia incidence in this
strain is being tested further by eliminating development of
thymic lymphoma by irradiation of thymectomized animals.

L ]

Fic 4 Combrned incidence of varous types of leukemia in m ce
exposed to thermal neutron or to X-radiation The r's Tefee to
250 hv X-rays and to biologieally equivalent doses of slow

iation  Leuk as “other"

2
nelude peneralized lymphomatous and reticulum cell sarcomas,

With respect to induction of lymphoid leuk:emias, the
behaviour of the RF stramn 1s charactetistic m that thymic
lymphomas are mduced with much greater frequency in
females than in males and in that nonthymie lymphoma
occurs with great frequency 1n old controls. In non-irradiated
raales the total ineidence of iymphoma may equal that in the
jrradiated male.



INDUCTION OF LEUKZEMIA BY IRRADIATION 155
40 CORTISONE VEMICLE §

CORTISONE VEHICLE o

corTISONE 07

1
55 &

o
]

i
30} ;»5‘“
Y

CORTISONE - X-RAY @

CUMULATIVE PER CENT DYING WITH LEUKEMIA

2

AGE AT DEATH (MO}
uOMOCYTIC ST LYMPHOID, MON-THYMIC
[ TS

Lyurntin, nomic

Fic 6 Cumulative snewdence of leukaemus of various types in RF
mice iradiated at 8-12 weeks of age Cortrsone, 1 0 mg on three
Suecessive days, was grven intrarmusculatly one week before or
2-3 weeks after 850 T of whole-body X-radution. Cortisone
vehicle was given smultaneously i comparable quantities
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A marked reduction of mediastinal Jymphoma oecurred only
in males in which cortisone trestment followed irradiation,
but even this is not highly significant {P~a-09). In the group
of females X-rayed after cortisone treatment, the myeloid
leukarmia incidence was mueh fower than in controls, but this
too1s of questionable significance (P~0-12),

In these experiments cortisone and then X-rays were given

8
8
i

0P~ LOATISORE YERICLE
pemaTiQe O
sob o SYARVAHON
[
coknsonz )
—~4

coﬂnsonﬁ 33

CUMULATIVE PERCENT DYING WITH LYMPHOMA
o
S
T

& 8 0 12 \)ezozz
sot oF otk wontrss

Fre 5 Cumul.m\c werdence of lymphoma i AKI males given
one, 10 m ays, of

Cortisonesehiale | {1 pex cont benzy) alrohol in O 9 per cent sakine)

n compurable dasage (1} refers to a single series of imectsons

rven at 814 weeks of age, (3] to three such seses of ingections

gren at b, 16 and 23 weeks of age, respectnely,  Stacyation
was done by withholding fond fur scventy-And hours when

cortone {3) was admanistered

one week apart. In earlier studies on co-leukmmogenests with
X-rays and methyleholanthrere there was a marked enhanee-
ment of leukemogenesis when these tuo agents were given
one week apart. Prelminary expertments huve shown thot
one week following 850 r of X.rradiation there 55 regenera-
tion of lympheid tisues, with greatly nereased mutotte
activity. Recently Kaplan and Brown (1932) have shown
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cells after irradiation, brought about by diverse agents, lessens
the lLikelthood of late effects of irradiation, be they eataracts
ot leukeraia, .

5. Irradiation may not n 1tself lead to a leukeemic change
but may merely make cells sensitive to other agents, such as
i which may or “‘realize trans-
formation of cells altered by irradiation, There is ample
analogy for such a sequence of events in the field of co-
carcinogenesis,

G. A possible new factor in the induction of lymphoma by
irradiation became evident when 1t was discovered that many
wradiated animals developed pituitary tumours and that most
of these neoplasms secreted ACTH (Upton and Furth, 1953,
Furth, Gadsden, and Upton, 1953) It scems that depression
of adrenal function may have played a major role in the m-
duction of these tumours. Atrophy of the adrenal cortex in
irradiated ammals 1s a common finding that has thus far
not heen mven adequate attention. It 1s known that the
ncidence of thymic lymphoma 1s greater in adrenalectormized
than n normal ammals

ACKNOWLEDGEMENT

The co-operation and help of many members of the Atomic Energy
Commussion and the Armed Forces, to be named m final publication,
15 gratefully acknowledged

REFERENCES

For older references cited but not histed here, see the bibliography
of Furtk and Lorenz.

Fou.ln;.a.{lll » Borars, W. and Yasawar, T, (1952)  Amer. J, Med
Funrn, J (1953). Cancer Res , 13, 477.
e ¥ Mmoo x T A € (1958) Proc Soc exp

' 1apter 18 1n Radiation Biology,
McGraw-Hill Book Publishing

ress

Annu Rev Nuclear Sai, 3,303

Acta radiol , Stockh. In press,



156 J. Furrs AND A. C. Upron

that when a given dose is fractionated at weekly intervals,

the leuk®mogenic effects arc greatly enhanced. It is note-
worthy that cortisone neither leul genic nor

Pr

co-leukemogenic under similar conditions,

General Considerations

I All types of ionizing radiations, electromagnetic and
corpuscular, have proven to be leukemogenie, and the aval-
able data suggest the generalization that there nre no basic
qualitative differences n leukemogenic ability of different
types of radiations.

2. There are marked species and strain differences with
respect to susceptibility to leukzmia induction by wonizing
irradiation—man and the mouse being sensitive; the tat,
guinea pig, and rabbit resistant—but species of anmmals other
than the mouse have not been adequately studred.

3. All types of leukzemias can be induced in mice; that most
readily induced and extensvely studied is thymic in orgin.
Induction of thymuc lymphoma is subject to profound
hormonal nfluences, adrenal and androgeme hormones
inmbiting and cestrogenie hormones enhancing it mn certain
strams. In one strain studied thymie lymphoma was induced
with greater frequency in the male, There 15 inadequate
knewledge of how lymphowd leukzma other than thymie ts
affected by these hormones, and the httle evidence available
suggests that myelord leukemua does not react simdarly, if
at all, to these hormonal mfluences.

4. The pathogenesrs of leukmenna induction is unknown. 4
haste alteration appears to take place m the lymphacytogenie
reticulum cells. It seems that agents which cause leukemia
operate not by an actin on mature lymphocytes, which live
only a few hours, but on the lymphocytogenic reticulum.
Accordingly, a mere transient atrophy of the thymus, eaused
by cortisone, has but hittle effect on leukemia development.
The nature of the slteratton in the lymphoeytogenie reticuium
caused by X-rays witch makes it produce malignant lympho-
cytes is the essence of the problem. Ilastened recovery of
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forTh: B ing that alt in irradiated ammals are
virus-induced, you would carry the nrpument ad absurdwn. For
example, lmoit every irradited female mouse develaps ovanan

Pprobably also many viruses, Without necessarily showing symptoms of
disease. It 13 quite possible to consider that oncogenic viruses, existing
mostly in & latent form, are extremely common

Lorenz: There are some remarkable differences between acute and
chrome irradiation in these muce While Dr. Furth finds with single
exposures that males get more thynue lymphomas than females, in
chronic irradiation when we give 8 8 r, eight hours per day throughout
the entire Iife span, we get more lymphomas in the females Now 1t may
Just be that our parent strams are somewhat different In chronic
irradiation the lymphomas do not come up until about fourteen months

BRI v [ H e ot
strains and also hybnd animals We have a leukserma nerdence of about
4 per cent 1n both rradiated and control anmals  And the only sug-

gestion we have of any effect of mrradiation 15 that i the arradiated

very low incidence of spontaneous thymomas, single large doses of
irradiation searcely merease the mcrdence, but chromc rradiation



158 GENERAL DIscussion

Ganoxer, W, U, Dovancery, T, F. god Wistiams, W. L. (1848}
Cancer Res., 4, 73,

Rarran, XL S nnd Bnmw, ML B. {1952), J. nat. Cancer Inst , 13, 185,

Kinscnuao, A, (1953). Cancer Res., 11, 7

an;n, R D.. Mavaxey, W, C. and \umnu{r, T. {1954). Blood.
I pre:

Vrron, A C and Furrn, §. {1058). Proe. Soc, exp. Biol,. N5, 84, 255

Urrom, A, C. end Fonrs, J, (1954), Blood, In press,

\\oo;;.mr G.W and Porens, B. A, {1933). Proc. Sac, exp- Biol, N.Y.,

286,

DISCUSSION
Gross: What was the time indaem -2 . t
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1 ’ vt .

" cu last you get prwtary tamours foflowing
nradmtion. Did you ever see pituitary tumours and leukemis at the
same tuae?

Furre, No. Pitmtary tumours appcar mn mme only among the Jate
survivors {fifteen to thurty ; the with
survival e Induced leukenma oceurs eackier. Whether the !ﬂxkzzmxc
ﬂm: ad the potentialities to develop pituftary tutmouvrs, we do pob
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GENERAL Discussiox 161

350115 divided into three doses given about a week apart, the leuhama
nexdence 1s Tmised several-fold, as Kaplan as shown.
Lorexz But it doesn’t work m the C3H, you have to fractionate
much more
L Are the ation-ind
in these mice non-transplantable®
Furr That has not been studied.

d chrome myelowd leukmmias
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kil any animals acutely, and yet was followed by this very high inc-
dence of a killing tumour, I think possibly it suggests an alternative
mechamsm to o virus, becavse in an ammal nradsated in that way there
is a balance between damage and repair, aud repasr invatves repeated
celt dhvasion. Sufficient generations of cell division may be all that is
required to alter the genes and allow a certain autonomy of growth,
an dea that has been suggested before m relation to other sorts of
neoplasm,

Furri Acute wradiation Js certninly very different from chronic.
For example, a single dose of about 430 r is but muldly leukamogente.
X the same dose 33 frzctionated, you may get a much greater or o lesser
leukztogenic effect depending on the terval (Kaplan). T fully agree
that repeated exposure 1s of greater practical hazard, because most
people wwho developed lenkemas did get them follow ing such exposures.
What has not been adequately studied are the sensitive and resistant
peniods, when repeated exposures are given The matter is of the utmost

£t fe 15 t expased to i duatie
Speaking of total dosage of chronic jeradiation, without considering the
interval bialogreally, 1s, I beheve, missing a vital aspect of the problem.

Facraers [ am interested 1n what dose of cortisone was given these
mice and for how long?

FurTn 1 mg /day on three consecutive days, thus dose brings sbout
complete atrophy of the thymus, In one experiment, this treatment was
repeated three tumes at ntervals of seven weeks.

Facnagvs. In other work with cortisone 1t has been found that
cortisane had the same effect as X-rays on virus take, For mstance,
Ithink Syverton gave half a dose of cortisone and half X-ray, and gat the
same effect as f he had ginven a whole dose of esther of these. But you
Bnd opposite effect; th cortisone an of feukzerma, and with
X.ray an inerease i Jenkemia?

Furry Yes, cortisone 15 not feukwmogenie but 1s equally capable of
lowening the resistance of the host to mlections and tumour grafts,
presumably by bringing about lympherd atrophy  X-rays are leukeero-

nte.
chAGKAEU% What happens if you irradiate a strar with spontaneous
Jeukermua and a stram that has no leukemia? From the virus theory
you would expect a lugher wewdence ta the Jenkmmie stram snd none at
all in the non-leukmmsce

Fuern. If you give it to a stran m which the imnmdence of feukemia
13 already high, the effect 1s hikely to be one of reduction of leukena
incidence, particularly 1f you extend the irradiation period

Faanmavus Is there any stram of omece which 1s absolutely free of
spontaneous leukema?

Lonenz (31If has an incdence of 0 8 per cent

Facmarus What happens if you mve X-ray to them?

Lonm~z With acute trradiation, there 1s only a Jow medence of
leukarmia, but if we expose the females, begtamng at one month of age,
to 8 8 r, etzht hours per day, then they develop 33 per cent Teukema,

Funmir Jrradiation doesn't have 1o be chrome.  If, in C37Black miyce,
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Neither the pre-irradiation measures nor those instituted
during 1wrradiation, as described briefly above, have any bene-
ficral effect, as measured by survival, if mstituted after the
ammals have been subjected to whole-body irradiation in the
lethal range.

Straube and Patt (1953) have not been able to confirm
Baeq’sclaim (Bacq, et al., 1953} that survival of ratswith par-
tial hiver-shield b d when eystei is given
after a lethal exposure to whole-body X-radiation

This communication 1s hmted for the most part to a report
on measures that, when initiated after exposure of the mammal
to whole-body X-radiation 1n the lethal range, have a re-
markable effect on survival and on recovery of the blood-
forming tissue A rewview of our investigations i this field
has already been published (Jacobson, 1952) Only a few of
these studies are summarized here, more or less chronologically,
in an attempt to show how we were led from one step to
another, and to emphasize certain interesting but as yet
undeveloped observations.

These researches were scarcely under way when 1t became
obvious that the success of the various techniques that were
employed must be related to one of three mechanisms,
namely: (1) the neutralization of a toxin produced by wradia-
tion, {2) the cellular seedmg of the depleted irradiated tissue;
or (3) a humoral factor or factors produced and supphed by
cells to the irradiated tissue. Many of the experiments des-
eribed below were attempts to provide information on the
telative mmp of these possibil Other
were undertaken because of an interest m the basic problem
of blood formation without regard to the problem of radiation
nyury

The Effect of Splenectomy on the Toxicity of ® *Sr

It was found that mice* given % %Sr1n a dose of 2 0 pefg.
of body weight fatled to develop an anemia even though the

*Mice used in these experuments were CF No 1 females, ten to twelve weeks

014, rased by Carworth Farms—homozygous fot recessive genes aa, bb, cc.
e mes 12



STUDIES ON THE MODIFICATION OF
RADIATION INJURY

L. 0. JACOBSON, E. K, MARKS, E. 0. GASTON
and B L. SIMMONS

Whois-sopy exposure of the mammal Yo jonizing raha-
tions (X-rays, gamma rays, and fast neutrons) in the midlethal
{LD59) or lethal range {LD10D) produces n characteristic
chnieal and pathological picture that has been deseribed in
detail by numerous mvestigators {Minot and Spurling, 102¢
Jacohson, Marks and Lorenz, 1919, Lorenz, of al., 1046
Lavrence and Lawrence, 1836, Henshaw, ¢f af., 1047 Zirlde,
1947; Jacobson, Marks, ¢f al., 1854). There has heen rouch
mterest m the past and there s a determined effort at present
to find effectyve means of decreasing or mereasing the radio-
sensitavaty of tissue. Paty (1958) has wntten a comprehensive
review covering the literatire on the m vito and i vitro bio-
ehemneal and physiologieal effects and has summarized current

pts of the mect of action of g radiat

Efforts to alter radiosensitevity of the mammalian organism
or a speerfic tissue of the body are largely centred around the

A ration of o} 1 or b 1 sub or the
imtation of other measures prior to, dunng, or after wradia-
tion of the orpamism  Fstrogen (Treadwell, e af, 1913),
eystetne (Patt, o af , 1049), and glutathuone (Cronkte, ef ol
1951) markedly enhance the survival of rats and mice when
given prior to the admumstration of whale-body X-wradiation
in the lethal range Cysternammne (Bacq et al., 1953, Rugh and
Wang, 1953) has an even more stukingly benefiess] effect than
cysteme

Yakewsse, survival 1 enhanced 1f, duning exposure to lethal
dosnges of X-radration, animals are subjected to severe oxygen
deprivation {Dowdy, ¢ al., 1950) or cyanide intoxieation
(Bucq, <t al., 1950).

182
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hzmatological studies have heen made at four exposure
levels, namely, 600 r, 900 1, 1025 r, and 1800 r. After exposure
to 1025 r or 1800 r, histological and hematological recovery
is more rapid and complete 1 spleen-shielded mice than in
mice exposed to 600 r without spleen-shleldmg (an 2). No
anzmia and only a transient 1 and th topenia
follow an exposure to 1025 r with spleen-shielding, whereas

1500 ¢ (wans
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Fio,1 The effect of spleen-shielding on the mortality of mice
followmg whole-hody X-radiation.

pancytopenia and death follow this exposure without spleen-
shielding
Histological study of the hematopoetic tissues revealed
that the charactenstic picture of destruction and atrophy
follo“s exposure to 10"5 r1n both the spleen-shielded and non-
hielded very of bone marrow and
lymphahc tissue began by four days and was complete by
eight days m spleen-shielded mice, but no hematoporetic
recovery was noted during this interval in non-spleen-shielded
mice (Jacobson, Marks ¢f al., 1951). The fact that recovery
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bone marrow throughout the body became aplastic within
a few days ond remained so for a period of mare than one
month. The lymph nodes became moderately active centres
of hiematopoiesss, whereas the spleen, as early as three days
after the wjection of #-#98r, was almost exclusively occupied
by crythropoietie tissue. As was expected, a severe and
persistent anemta developed in splenectomized mice that
received * #Sr (Jacobson, Stmmons and Block, 1854). Since
strontium is physiologically interchangeable with caleium
and is almost exclusively a bone-secker, the lymphatic tissues,
ineluding the spleen, were essentially unaflected by its beta
radiation and thercfore had the capacity to respond to the
demand created by the destruction of bone marrow. One of
the questions rarsed by this study was the nature and
mechamsm of the stimulus to the hematoposetie tissue of the
spleen. The splenie erythropotetic transformation occurred
in the absence of an an@mia, and within three days, Anothes
problem that mtrigued us was what would happen if, by some
techmque, we could destroy all blood-formmg tissue in the
body except that located in the spleen. This led to the spleen-
shielding expenments descnibed below,

The Effect of Lead-shielding of the Spleen on
Recovery from Radiation Injury

Lead-shield of the surgically extertorized spleen of
adult mice dunng exposure to total-body X-radiation
markedly enhances survival (Fig. 1) (Jacobson, Marks,
Gaston, Robson and Zirkle, 1919). The survival of mice in
whieh the circulatton to the shnelded spleen 1s clamped off
dunng exposure and in wisch the clamp s released im-
mediately after wrradiation ts approxumately the same as the
survival of amrals with spleen-shelding without cb
(J: b 1932, Jacob et al., 1951a, l9alb}
The 1050 for total-body X-radiation 15 600 r and the LDy
s around 700 ¢ without spleen-shietding, whereas with spleen-
shelding the L0506 1 1100 ¢ and the LD909 1 greater than
1800 v (Jacobson, Summons, ¢t al., 19515} Ihstological and
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Lead-shielding of 0 19 g of kidney does not enhance sur-
vival,

These studies raised some mteresting speculations, It was
apparent that a post-irradiation approach to therapy for
radiation injury was possible, since releasing the cireulation
of the shielded spleen to a mouse that had sustained a lethal
exposure to X-radiatron was sufficient to ensure survival
of the animal.

The shielded spleens of these irradiated ammals became the
site of intensive blood formation, beginming at the 24-hour
mterval. By seral sacrifice, 1t was possible to study the
mteresting fact that erythropoiesis took precedence over
other types of blood formation m the spleen. Infact, in some
nnce even the lymphatic nodules of the spleen disappeared
and only the central artery of the nodule remained at the
site of the original nodule. The entire spleen became essentially
an exclusively erythropoletic organ and remained so for
several days before locytor and karyo-
cytopolesis began to appear  Teleologteally, one would
have expected the reverse to occur, because, theoretreally,
the ammal did not need erythrocytes since no anemia was
present. Leucocytes to combat infection and platelets to
ensure capillary integrity and heemostasis were more likely
requirements

The fact that spleen-shielding (0 1 g) was so much more
effective 1n increasing the survival of muce and hastening
recovery of the blood-forming tissue than was the shielding
of one imb (1 5 g.) or part of the liver (0 8 g), and that
kidney-shielding had no effect on survaval or blood formation,
tended to focus attention on the h@matopoletic system as
the source of whatever was saving the hfe of the wrradiated
ammals

These observations raised the question of whether survival
was mereased because the shielded spleen immediately took
over blood formation and thus saved the ammal from death
due to pancytopema and 1ts complications Consequently,
experiments were designed to determine how long the
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in the bone marrow by heteroplasia was so promi was
considered to be a particularly significant observation, This
will he diseussed later.

Shielding of other parts of the body of the mouse, such as a
leg, a fraction of the hver, or the mtestine, during X-radiation
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Fio 2 e effect of 600 1 wiiole-bod) wth-
out spieen-shielding, and 1023 ¢ and 1300 ¢ with spleen-shrelding
ot the leucoeytes of mice.

in the lethal range (1025 r), increases survival, but less so
than spleen-shuelding, even though the volume shielded in
each nstance 1s much greater For example, the survival of
mice subjected to 1023 r with part of the extersonized liver
(08 g.) shuelded with lead is approxmmately 30 per cent
compared with TG per cent survival of mice with spleen-
shielding. The average spleen weight i these mice s 0 1 g
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Lead-shiclding of 0-19 g of hidney does not enhance sur-
vival,

These studies raised some interesting speculations, It was
apparent that a post-irradiation approach to therapy for
radiation injury was possible, since releasing the circulation
of the shielded spleen to a mouse that had sustained a lethal

XY to X-radtion was sullici to ensure survival
of the ammal.

The shielded spleens of these irradiated animals became the
site of intensive blood formation, beginming at the 24-hour
interval, By senal sacrifice, 1t was possible to study the
interesting fact that erythropotesis took precedence over
other types of blood formation 1a the spleen. In fact, in some
mice even the lymphatic nodules of the spleen disappeared
and only the central artery of the nodule remained at the
site of the oniginal nodule, The entire spleen became essentially
an exclusively erythropoietic organ and remained so for
several days before granulocytopoiesis and megakaryo-
cytopolesis began to appear. Teleologically, one would
have expected the reverse to occur, because, theoretically,
the ammal did not need erythroeytes since no anzma was
present. Leucocytes to combat infection and platelets to
ensure capillary mtegrity and h®mostasis were more likely
requirements,

The fact that spleen-shielding (0 1 g) was so much more
effective 1n increasing the survival of mice and hastening
recovery of the blood-forming tissue than was the shielding
of one imb (1 5 g.) or part of the liver (0 8 g.), and that
kidney-shielding had no effect on survival or blood formation,
tended to focus attention on the hazmatopoietic system as

the source of whatever was saving the Iife of the irradiated
ammals.

These observations raised the question of whether survival
was ncreased because the shielded spleen immediately took
over blood formation and thus saved the ammal from death
due to pancytopenia and its complications, Consequently,
evperiments werc designed to determmme how long the
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in the bone marrow by } plasin was so promi was
considered to be a particularly significant observation. This
will be discussed Iater.

Shielding of other parts of the body of the mouse, suchas a
leg, a fraction of the liver, or the intestine, during X-radiation
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Fig 2. Comparatne effect of G00 ¢ whole-bod irraciation with-

out spleen-shielding, and 1025 1 and 1300 r with spleen-shieldsng
an the leucocytes of mice

in the lethal range (1025 r), increases survival, but less so
than spleen-shielding, even though the volume shielded n
each mstance ts much greater. For example, the survival of
ree subjected to 1025 r with part of the exterionzed hiver
(08 g} shiclded with lead s approximately 30 per cent
compared with 76 per cent survival of mice with spleen-
sluelding. The average spleen weight in these muce 150+ g.
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spleen was removed fifteen mi after the spleen-shieldi
procedure and was of greater severity and duration than in
animals in which the spleen remamed in the circulation for
one hour,

To exteriorize the spleen for the shielding procedure, it was
necessary, for the sake of speed and case, ta sever a small
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Fic 4. The eflect of post-arradiation splenectomy on the
leucocytes of muce

vessel at the distal end of the organ, which 1s not connected
with the main spleme pedicle. This left the mam pedicle intact,
but mvariably up to one-half of the distal portion of the
spleen was infarcted by this procedure. With this technique,
the survival of mice given 1300 r was 8 2 per cent, whereas 1f
this small vessel was left mtact and thus no splenic infarction
occurred, survival after 1300 r was 31 2 per cent.

It was observed, on the other hand, that during the spleen-
shielding procedure the entire splemec circulation was oc-
castonally embarrassed by twisting of the spleen or stretching
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originally-shielded spleen had to remam in the circulation of
the irradiated animal to ensure survival. This was answered
by the series of splencctomy experiments described belaw.

The Effect of Post-irradiation Splenectomy on
Survival of Spleen-shielded Mice
Mice with spleen-shiclding were given 1025 r total-body
X-radiation. At intervals beginning at fifteen minutes after
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T 8 The effect of postrmadition splenectomy on the
rmortalaty of spleen-shielded mice

this procedure, splenectomy was performed (Fig. 8). As short
a period as fifteen was sufli to survival.
In those amimals in which the spleen was left intact for one
hour, survival (78 per cent) was comparable with that of the
mice given routme spleen-shielding. It was noted that
recovery of blood-forming tissue was more rapid and more
complete in the ammals in wiieh the spleen was left ntaet
in the circulation for the thirty-day peried of cbservation
(Fig. 4). A pancytopenia occurred n nnimals in which the
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(25 per cent) even if the animals recerved the spleens as Iate
as two days after irradiation.

‘Table I

TiE LFFECT OF SPLEFN TRANSPLANTS ON THE SURVIVAL
oF IrrADIATED MicE

Aumber of mplants within § hour Surcical
e aed e readvabon " (bervemty
uz None 0

63 4 spleens from one- to twelve-day -old nuice. 38
18 2 spleens from four- to five-w eek-old mice 45
24 % spleens from one- to exght-day -old mice
implanted two days after irradiation af
the recipient 20

Science (1951) 113, 510

It was found that survival was related to the amount of
tissue that was implanted. For example, there was 38 per
cent survival with 10 mg of baby spleen but none with 5 mg.
This was not surprising 1n view of our previous observation
that survival was less m ammals m which a parttal spleme
infarction was produced deliberately than in anymals 1n which
no splenie infarction occurred

These observations on survival and others on recovery of
blood-forming tissue were interpreted by us to be evidence
that a quantitative relationship exists between the amount
of tissue furmishing the necessary factor or factors to the
nradiated animal and the survival or recovery from irradia-
tion

One experiment involving transplants of baby spleens was
especially interesting., Mice were exposed to 1025 r total-body
X-radiation and were each given intraperitoneally four baby
spleens. Autopsy revealed that in four of twelve mice that
survived the twenty-eight-day period of observation there
was no trace of the original transplant, In one of the twelve
mice only one splenic transplant was found, in three of the
mice, two were found; in one, three of the transplanted spleens
were found, and in three of the mice, four spleens were found.
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of the pedicle. Under these circumstances, even bLefore the
spleen was returned to the abdomen its deeply cyanohe
appearance indicated that mfarction of the entire organ
would be likely or had already oceurred, Many of these animals
lived. By the sacrifice of some of these animals at appropriate
time intervals, we proved to our satisfaction that inferction
of the entire spleen had occurred and that splenic reconstitu-
tion began as the blood supply to the spleen was re-established.
The partially reconstituted spleen was capable of inttiating
the recavery process.

This observation suggested that & splenic transplant should
be effective m bringing about the recovery of irradiated
ammals. If circulation to splente transplants would become
established n the wradiated hosts, then this procedure should
nerease survival and effect recovery of blood-forming tissue.

The Effect of Spienic Transplants and other Homo-
logous Tissue on Recovery from Radiation Injury

Spleen transplants

Spleens from adult mice were first employed 1n the trans-
plant procedure and were found to be meffective. We thus
assumed that this faure was due to the fact that when adult
spleens were placed randomly in the perfoneal cavity they
usually fatled to develop a vaseular supply. After we found
that spleens from baby race were effective (sce below), we
discovered that if the capsule of the transplanted adult spleen
was cut before 11 was placed 1n the peritoneal cawity, it
vasculanized and significantly enhanced survival. The mtial
fatlure with mature spleens prompted a tnal with the spleens
of baby muce. Spleens (10 to 50 mg ) from normal baby miec
ranging 1 age {rom one to tuelve days were transplanted
into mice that had been exposed to 1023 r total-body X-
radmation. The spleens were implanted mtrapentoneally
through a small shit in the abdominal wall. No attempt was
made to anchor the tissue  Thirty-eight per cent of wradiated
hosts survived {Table I). Appreciable survival was observed
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are less toxic if the cells are remos ed from the spleen immedi-
ately after it is taken from the body of the donor mouse. This
may be accomplished by washing the cells from the spleen
by multiple injection of saline or Locke’s solution, by gently
mashing the spleen 1n s mortar, or by pushing the splenic
tissue through a 2-cc syringe. The survival of animals exposed
to 900 r and then given an intravenous injection of splenic
cell suspensions prepared, as described above, from the spleens
of young mice is approximately 75 per cent.

The fact that control transplants, suspenstons, or the
shielding of such tissues as muscle, kidney, or placenta do not
inerease survival of the irradiated mouse, whereas transplants
or shielding of tissues from major blood-forming trssues such
as spleen, liver, or leg were effective, pointed to the so-called
rehculoendothelml system as the nichest source of the effective

or b 1952) It was logical to
try bone marrow transplants and injections even tlmugh this
techmque had previously been tried and reported of no value
n dogs {Rekers, et al., 1950, Talbot and Pinson, 1951).

Homologous bone marrow

Lorenz first reported the efficacy of hone marrow 1njection
in increasing the survival of irradiated mice. He found that
75 to 90 per cent of mice given a single exposure to X-radation
1n the lethal range (900 r) survived if, after wradiation, a
suspension of homologous bone marrow was njected mtra-
venously {Lorenz, et al., 1951). We have corroborated his
findings (Jacobson, 1952} and have found that intravenous
njection of bone marrow cells also significantly increases the
survival of mice exposed to 1023 r. A study of the optimum
and mmmum number of cells from bone marrow, spleen, or
embryo suspensions that will produce significant survival
1s under way. Preliminary studies appear to indicate that cell
suspensions of the soft portions of the embryo are more effective
in enhancing the survival of wrradiated mice than spleen or
bone marrow suspensions. In these studies, each preparation
15 adjusted so that a comparable number of cells from each



172 Jaconson, Manks, GASTON anD Spoxs

These data suggested that the transplants either vas-
cularized temporarily and were later detached and removed
by phagoeytosis, or that cells from the splenic transplant
migrated out befare death and absorption of the trans-
plant had occurred.  Whatever the fate of the transplant, it
cffectively altered the fatc of the nnimal.

Embryo and spleen preparations

The fact that spleme transplants from baby mice increased
the survival of irradiated mice and the observation that
nuice oceaswonally survived 1025 r even though the trans-
planted tissue could not be found prompted ws to study the
effectiveness of embiryo and spleen preparations.  Mouse
embryos {fourteen- to tuenty-day) were obtained by cesarean
section.  These were ground 1n saline and administered
mtraperstoneally to snice exposed to 1025 r.  Survival was
found to be about 30 per cent {Table 11} (Jacobson, 1952).

‘Table II

TrE Efvect oF Luunyo SUSPENSIONS ON THE SURFICAL
o¢ Irnapiaten Mig

At rer .. Emb) Der Cent
omo |y | x| o, | ey
Control 123 10251 No 08
Treated 123 ST Yes 300 J

Spleens from one- to nine-day old micewere mashed through
2 tissue press and suspended n buffered sabne  When the
suspension was jected ntrapentoneally into mice that had
heen exposed to 1025 r, there was no survival. In fact, these
mice died sooner than was expected from the radiation alone.
1We found, however, that if the mice were exposed to 800 1,
an mtraperttoneal injection of this materal symifieantly
inereased survival (Jacobson, Marks, ¢f al, 1951). We later
found that smaller amounts of the suspension reduced the
toxicty of the prep 1on and d: 1 mortahty foll :l.a
exposure to 1025 r. We have learned that splemie suspensions
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are less toxie if the cells are remos ed from the spleen immeds-
ately after it is taken from the body of the donor mouse. This
may be accomplished by washing the cells from the spleen
by multiple injection of saline or Locke’s solution, by gently
mashing the splecn in a mortar, or by pushing the splenic
tissue through a 2-cc syninge. The survival of animals exposed
to 900 r and then given an intravenous njection of spleme
cell suspensions prepared, as described above, from the spleens
of young mice is approximately 75 per cent.

The fact that control transplants, suspensions, or the
shielding of such tissues as muscle, kidney, or placenta do not
increase survival of the irradiated mouse, whereas transplants
or shielding of tissues from major blood-forming tissues such
as spleen, hiver, or leg were effective, pomnted to the so-called
reticuloendothelial system as the richest source of the effective
substance or substances (Jacobson, 1952) It was logical to
try bone marrow transplants and injections even though tlus
technique had previously been tried and reported of no value
1n dogs (Rekers, et al., 1950, Talbot and Pinson, 1951)

Homologous bone marrow

Lorenz first reported the efficacy of bone marrow injection
1n ncreasing the survival of irradiated mice He found that
75 to 90 per cent of mice g1ven a single exposure to X-radiation
m the lethal range (900 r) survived if, after irradration, a
suspension of homolegous bone marrow was mjected intra-
venously (Lorenz, et al, 1951). We have corroborated s
findings (Jacobson, 1952) and have found that ntravenous
mjection of bone marrow cells also significantly increases the
survival of mice exposed to 1025 ¢ A study of the optimum
and mitmum number of cells from bone marrow, spleen, or
embryo suspensions that will produce significant survival
15 under way. Prelimmary studies appear to indicate that cell
suspensions of the soft portions of the embryo are more effective
n enhancing the survival of wrrachated mice than spleen or
bone marrow suspensions. In these studies, each preparation
15 adjusted so that a comparable number of cells from each



174 JaconsoN, Marks, GasToN AND SDMVONS

source is injected, The variability in results with vartous
numbers of cells from bone marrow, spleen or embryo suggests
the possibility that the type of cells in the injected suspension
may be extremely important.  For example, the endosteal,
reticular, and endothehal cells may be more important than
erythroblasts, myelocytes, and megakaryoeytes in imitiating
recovery.  We are studying preparations from the various
sources to determine actual ecllular make-up and the propor-
tions of the constituent cells 1n an attempt to relate celi type
to survival data.

Heterologous tissue

Transplantation of baby mouse spleens into the peritoneal
cavity of irradiated rabbits gave evidence that suggested that
the regeneration of the rabbit hematopoictic tissue was

t 1 by this techmigue (Jacob 1852) It has more
recently been demonstrated by Lorenz and Congdon that the
mtravenous admuinistration of guinea pig bone marrow
(Lorenz, Congdon and Uphofl, 1952) or rat bone marrow
{Congdon and Lorenz, 1954) wilt markedly increase the survival
of mice that have been exposed to X-radiation m the lethal
range. We have corroborated hus findings on the effectiveness
of rat marrow 10 mice {Jacobson, 185¢).

As suggested mn a previous paragraph, the fate of individusl
mjected cells 15 not known with any degree of certamty.
Whether suspensions of heterologous and homologous bone
marrow or (washed) spleen cells implant in the body and hve
a “normal life span”, or whether these cells anly temporarly
function as normal cells is unknown. For example, 1t 15 not
known whether rat hematopoietic cells injected nto an
wradiated mouse function m phagoeytosis and divide and
muitiply. It would appear that by some mechanism these
cells succeed 1n altermg the pathologreal state of the jrradiated
animal to the extent that the ammal recovers.

It is assumed by many, and perhaps rightfully, that 1t 1s
recavery of the Dlood-forming tissue that mitiates or fosters
the recavery process in uradiated snimals treated by one of
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the various techniques under diseussion. It is obvious that
recovery of bone marrow and lymphatic tissue is initiated
under these circumstances by four days after irradiation (and
perhaps 1t would be found to be carlier if methods of studying
functional reconstitution of cells were available) That the
normal function of these tissues is vital in combating infection
has been shown by Miller et al. (1952). By way of speculation,
however, one might logieally raise the question of why the
overnhelming infection, which is deseribed by these authors,
comes relatively late after lethal amounts of irradiation even
though destruction of the blood-forming tissue 1s manifest
soon after the exposure. Is there a mechanism apart from the
blood-forming tissue that protects the animal against bacterial
invasion during the first weck after irradiation?

One should not assume that because blood-forming tissue
does recover it 1s the only one vital to survival. Other tissues
such as the hver may be qute important. Perhaps we only
lack methods sensitive enough to study the ir vive inlubition
and reeovery process of these tissues after nrradiation  There
1s good evidence that recovery of blood-forming tissue is not
the only factor essential to recovery One has only to consider
the data referred to above, namely, that only cirea 30 per cent
of ammals survive 1300 r with spleen-shielding and preserva-
tion of the entire splenic circulation, whereas 3 2 per cent
survive if the spleen 1s shielded and only part of the spleme
pedicle 15 preserved In the former group one might expeet
nearly 100 per cent survival 1if recovery of blood-forming
lissue were the only factor involved Williams and DeLong
(1953) have reported experiments in which the entire body of
the rat was shielded except for an exteriorized segment of
the small bowel. The rate of recovery of the bowel epithelium
m this segment was not appreciably different from that
observed m control non-shielded animals Their work mphes
that recovery of bowel cpitheltum or failure to recover from
radiation myury 1s largely, if not entirely, unrelated to the
state of the blood-forming tissue These observations empha-
s1ze the hmitation of the “therapeutic” techmques described
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i this communication and focus attention on the importance
af systems other than the blood-forming tissue that are vital
to recovery from radiation injury, The radiosensitivity of
cclls 1 various tissues in the body such as the brain, thyroid,
and gonads vasies widely. Cells derived from a single souree,
such as the reticulum of the blood-forming tissue, have
different radiosensitivities (Bloom and Jacobson, 1948). There
is evidence to show that varmous functions of the same cell
have different radiosensitivities.  For example, reticular cells
are capable of phagocytosss, This function is extremely
radioresistant, and exposures above 1000 r seem not to affect
it (histologieal observation), whereas heteroplastic or homo-
plastic multipheation is inhibited by about 500 r. It may also
be essumed that with increasing exposures not only are more
and more functions of the reticulum eliminated, but other
cells 1 the body are simlarly affected.

Synergistic Action of “‘Prophylactic® and Therapeutic
Measures on Radfation Injury

It has been shown, as mentsoned 1 the introduction, that
compounds such as wstradiol and cystene, when given prior
to irradiation, enhance the survival of wradiated animals,
Such prophylactic bined with postarradiat
measures such as spleen-shielding have an additive effect
on sursival (Bethard, et al, 1951, Simmons, &f al., 1951}
These findings do not necessandy wnply that the mechanism
of action of both procedures 1s sdentical.

Attempts to Extract the Factor or Facters from
Hrematopoietic Tissue

We have made a number of attempts to obtam a cell-free
extract of spleen, embryo, and bone marrow that would
incrense the sarvival of irradiated muce  Thus far our results
have been negative or equivocal, Fot example, simple buffered
saline extracts of spleen, bone marrow, or embryo, or homo-
gemzed preparations of such tisue, produce negative results
+f the matersal 1s filtered and thus no cells or parts of cells are
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present. On the other hand, we have centrifuged cell suspen-
sions of spleen and bone marrow and haie obtained positive
activity in the supernatant. However, we have never been
able to eliminate cells in the supernatant by centrifugation.

Cole and his co-worhers (1952, 1053) clanm to have prepared
suspensions of mouse spleen cells with only the nucle of the
cells intact. According to their report, such preparations,
when admunistered intraperitoneally to muce that have been
gwen a lethal exposure to X-radiation, will routinely increase
survival. If, indeed, these suspensions contain no intact cells
and thus no living cells in the ordinary sense, then additional
proof for the humoral theory is at hand. Since, however,
dentification of the effective substance or substances in the
whole cell or the nucleus still remains to be solved, the need
for a simple and sensitive method to assay the activity 1s
obvious. Survival following lethal irradiation 1s currently
being employed to deterrune the effectiveness of various
cells suspensions or preparations free from hving cells, This
method 1s prabably too msensitive for the problem

Relation of Species and Strain to the Effectiveness of
Spleen-shielding or Injection of Hmematopoietic Cell
Suspensions

h 11

The ph of poietic recovery as
well as increased survival in ammals X-radiated in the
midlethal or lethal range with splecn-shielding 1s not confined
to the mouse. Lead-shuelding of the spleen of rats, gumea pigs,
and rabbits during nudlethal exposures 1s followed by a more
rapid recovery of the hezmatopoictic tissue and a reduced
mortality. However, there 1s a pronounced difference in the
species resp to the techniq under d . For
example, spleen-shtelding n the mouse spectacularly ncreases
survival of the animal and markedly hastens the recovery of
blood-forming tissue, whereas a definite but mimimal effect
15 observed 1n the rabt. This may be due to & quantitative
difference 1n the capaaty of the rabhit spleen or appendix
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to produce the substance or substances necessary for the
Tecovery process as compared with the mouse.

There are also strain differences.  We have studied six
different stramns of mice and have found that spleen-shielding
or injection of suspensions of § poictic cells after total-
body X-radiation effectively increases survival of all of the
strains and hastens haematopaictic regeneration. In addition,
bone marrow, spleen or embryo suspensions from one mouse
stramn are effective tn another strain,  However, in one
particufar strain (CF No. 1) the LD30 with spleen-shuelding
is about 1100 r whereas m another mouse strain (Webster)
the LD30 with spleen-shielding is 1000 r.

Effect of Spleen-shielding on Antibody Formation

It is well known that total-body X-radiation whibits
antibody formation in lahoratory animals (Fektoen, 1915,
1918). The capacity of rabbits exposed to 800 r total-body
X-radiation with spleen- er appendix-shselding to produce
antibodies in response to an intravenousty administered
particulate antigen i« retamed, whereas in wrradiated rabbits
without shielding this capaeity 1s suppressed {Jacobson, et al.,
1950). In fact, the capaaty to produce antibadtes to an in-
jeeted antigen is retained m wradiated rabbits even though
the oryninally-shielded spleen 15 removed twenty-four hours
after the shieldi radiation p d and the antigen is
given forty-eight hours after the exposure {twenty four hovrs
after splenectomy) {(Jacobson and Robson, 1952) In the
expermments referred to above, the antigen was admunstered
(both n the experimental and control animals) when the
cellular haematologieal romstituents of the peripheral bloed
were greatly reduced, ecll death and phagoeytosis of hemato-
poretie tissue were conttauing, and there was no evidence of
regencration, Nevertheless, antibody formm‘.mr'\ was l'mtmt‘cd
) SOV s [T RPN

e

;:i;)culahun of the rabint for three hours after tetal-body
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X-radiation to restore significantly the capacity to produce
antibodies {Jacobson and Robson, unpublished observations).

Discussion of Theories on Mechanism of the Effect of
Spleen-shielding and Related Techniques on Recovery
from Radiation Injury

The theories on h of these techniques that have
been obvious to us since the original observations are three:—

1. Detoxification of 1 by ir

2. Cellular seeding and tissue reconstitution.

3. Production of a 1 I sub that imti fune-
tional reconstitution of cells

It hes long been assumed that irradiation ‘results n the
production of a toxin that exerts an inhibitory effect on
metabolic processes within the rradiated cells. Transport of
this *‘toxn” to other parts of the body from the irraduated
site also mhibits presumably cellular processes at distant non-
wradiated sites. The production of hydrogen peroxide along
the path of ionization has been suggested (Barron, e al.,
1949). It is conceivable that the local and distant effect may
be the result of the action of this or some other oxidizing
substance. However, if this 1s true, one must assume that the
production and dissermnation of the substance and the 1mtia-
tion of the biological effects occur withm a relatively short
time after radiation and that the “toxin” 15 then destroyed
or neutralized. Evidence for this 1s briefly as follows. After
the ad ation of lethal of radiation to groups
of mice with or without spleen-shielding, the initial patho-
logical effects are identical. For example, destruction and
atrophy of the lymphatic tissue and bone marrow proceeds
mn both expenmental groups at the same rate and reaches
the same maximum. The observable difference 1n the two
groups 1s that recovery of the blood-formmg tissue begins by
the fourth day in the spleen-shielded group and about 75 per
cent of ammals survive, whereas there 1s little or no histo-

logreal evidence of recovery of the blood-formung tissue m the
[T

1
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non-spleen-shuelded group and death is inevitable. If one
removes the spleens from these two experimental groups one
hour after jrradiation, susvival and recavery of hematopoietic
tissuc is ml in the non-spleen-shiclded group, whereas survival
is 75 per ceat and recovery of hematopoietic tissue begins at
four days in the spleen-shiclded animals. Tius may be evidence
that 3f a tovin is mdeed responsible for the destruction and
continued mhibttion of cells, it must be a transitory one or it
wouli} continue to net beyond the one hour duning which the
spleen is left wutact 1n the areulation in the spleen-shielded
group, and these animals would not be expeeted to recover. It
seems unlkely but 1t cannot be denred, however, that while
the spleen 15 m the ctreulation 1t may continue to neutrahize
the toxin and that after removal of the spleen, cells that came
from the spleen and were dussermunated throughout the body
carry on the detoxsfication process. This aspeet will be dis-
cussed more fully.

Ancther interesting observation that mught be used as
evidence against the continuing produchion and dissemination
of a toxur 1 that the wmjection of spleen cells or hone marrow
is effective in reversing the otherwise lethal effect of radmtion
even when either 1s administered two or three days after the
recipient ammal has been expased to a lethal amount of
rodiation  {Jacobson, Marks and Gaston, unpubhshed
observations)  If a speaific toxin were entirely responstble
for the destruction and continued atrophy and whibrtion of
cells and organ systems, one might lomcally expeet an in-
creasmg pathological state. It has been suggested by Storer
et al (1952} that the effectiveness of shieldmg s related to the
capacity of the shielded tissues to forestall mfection until the
trssues of the body and especially the blood-formmng tissue
can regeperate spontancously  This seems an untenable
explanation for o number of reasons, one of wheeh 1o the fact
that the shielded spleen of the mouse can be removed an hour
or less after the admnistration of a umformly lethal total-body
exposure and yet the ammals survive  The effectiveness of
heterologous cells {rat to mouse, gutiea pig to mouse, and
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mouse to rabbit) to bring about recovery, makes Storer’s
postulate even more untenable unless the heterologous eell
potential has not yet been clucidated. It is hard to helieve
that rat bone marrow cells injected into a mouse an hour
after it has heen wradiated will live for o number of days and
control infection,

The theory that shielded tissue and injected hematopoetic
cell suspensions are effective in reversing the lethal effects of
radiation by seeding destroyed hmatopoictic tissue through-
out the body is attractive but seems unhhely. The effective-
ness of heterologous tissue makes this theory rather remote.
One cannot ignore the listological observation that n spleen-
shielded mice or mice injected with cell suspensions, hemato-
poietic regeneration in the bone marrow from reticular cells
and osteoblasts 1s promment. If seeding via the blood stream
and subsequent regeneration by multiplication of cells 1s a
factor in the regeneration, then the release of the mlubition
of the reticular cells, allowing them to carry on multiplication,
would still have to be explamned

It would appear more reasonable that the effect produced by
lethal irradiation represents a chamn of events mitiated by an
agent such as hydrogen peroxide, and that the profound
effect of spleen-shielding, or jection of such matenals as
embryonie tissue, spleen or bone marrow cells and the Mke
could best be explamed by assuming that these cells or tissues
provide one or more metabolites necessary for functional
reconstitution of the njured cells Cole’s observations, re-
ferred to previously, and the effectiveness of heterologous
t1ssue, matenally strengthen tins hypothesis.

Summary
Whole-body exposure to romzing radiations i the lethal or
midlethal range produces widespread destruction of certamn
tissues 1 the body such as blood-forming tissue, the gastro-
intestinal tract, and the gonads. Death may be related to
imury of one or more tissues and organ systems, but the
destruction and delayed recovery of blood-forming tissue 1s
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considered to be onc of the more critical factors. A number
af prophylactic measures such as the injection of cysteine and
glutathione just before irradiation will reduce mortality, These
materials have no beneficial effect if given afterward, Measures
that in effect are instituted after lethal irradiation, such as
spleen-shielding or the injection of spleen cells, suspensions
of spleen or embryo cells, and bone marrow, increase survival
and hasten recovery of blood-forming tissue. The mechanism
of this striking effect js unknown. The possibilities considered
are: 1. detoxification of some radiation-produced toxin; 2. seed-
ing of the ammal with injeeted cells that multiply and re-
populate tissue such as the bone marrow; and 3. production of
a humoral substance (or substances) by the shielded or m-
Jected cells that brings about functional reconstitution of the
mlubited cells and imtiates regrowth of vital tissues. On the
basis of a number of observations, weluding the pattern of
histological recovery in spleen-shielded animals and the fact
that heterologous tissue (e.g. rat to mouse) effectively en-
hances the survival of irradiated mice, the humoral theory
seems the most acceptable,
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DISGUSSION

TurNLR. One point which interested me is the extraordinary sapidity
with which anzima develops in these snimals. I suppose that could be
@ue to a very short life span where there is an aplastic marrow, but,
even 5o, 1t 13 hard to account for the recovery with the transplanted
spleen unless some humnoral or detoxafication mechanism 15 mvolved.

Jacopson. After the exposure of any of the common laboratory
animals to an LDy, of X-radiati 2 reduction of the ci
erythroeytes occurs (reduction of about 80 per cent}, reacling aminimum
by sbout fourteen days. Thercafter recovery ensues If the dose 15
raised to 1000 r (in mice), the drop 1s precipitous: a reduction of 75 per
cent in less than sixty days. This cannot be accounted for by aplasia
of the bone marrow alone, and thus one must assume that red cells gre
being destroyed by one mechanism or another I mice are exposed to
1000 T with spleen-shielding or are given bone marrow or spleen cells

mt fall 1n eryth does
1Ot ~arrem i e gireei
the
of
180
Dr. Eurt) irds duire 1nuen WOLK t LIS HEE dIE AR PETRaps Clarty ine
problem

Furtt The of post. d anxmua 15 lex.

Aftes massive wradiation, erythrogencsis ceasts almost immedsately,
Lut this can account for a loss of only about 1 per cent per day. Massive
wradiation 15 fulloned by the appearance of erythrocytes in large
numbers n the Iymph  The peal of this erythrocyte drversion into the
Jymph 13 reached in rats at mine to fourteen days and m dogs at eleven
to seventeen days after irradation, at which time the erythrocyte counts
1n the Iymph often cxceed one million per mm?®. There 15 a relatronship
between rradiation thrombocytopenia and bleeding mto the tissues

" o ’ e ' ts have been
ytes mto the

Our studres
tain vascular
e Tl o Alebalab Iafaammce o ¢ha omn s an an nf ol mank
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Fuztit T can conceive “toxtns™ from cell destruction and bacteria to

able, T believe that yours, trymng to find and characterize protective
substances, 13 a most ferte area of research

Furtit We did not study suevival timaes  Crookite aud Brecher,
working with dogs, state that they did save the animals, The anzmie
Pl oshARERE v e !

Lurthermore there are other causes of antrua, e g bacterial hwmolysins
and direet 1jury to vesscls, the latter probably occur with doses fatal
withun a few days

TaTEraan T have moda manhe of fhs =23 18

1ed cell count for the surviving monkeys 1s reduced 1n a slope which 15
not unlike the natural length of life of blood corpuseles if one assumed



186 GexsenraL DiscussioN

that they are stopped at the eource, it then recovers. But the dying
monkeys have a precipitous fal), I thunk this would tend to indicate that
the theary that they leave the blood circulation and go elsewhere is
very feasible. In the surviving monkeys the reticulocytes show an
enormously ugh peak at twenty-six days, and in the dying monkeys
there is nio response whatsoever, That is why I thunk that tﬁc piatelet
count and the anema are not paraliel phenomena,

Danserss, T showed about 1810 that blood platelets make a vast
heffe to the ity of ies to cells and also to some
extent to protewns, and I thunk therefore that what Dr. Furth said is

¥ by some p oz in addstion to what he men-
tioned The techmque of these platelet counts is probably totally
nadequate 1n this connectson, beeause you may include both good and
bad platelets. We nced to know a Jot more about platelets hefore we can
judge that. Ttis diflicult to observe 1f the intracellular cement s intact,
but if it has suffered as the tesult of some treatment, then the effect
of the platelets witt be much more pronounced.

Another pomt which might be of mterest to Dr. Jacobson s
the work of J G Stephens (J. Physwl.,, 92, 33; 93, 02) in which
hﬁuohtamed evidence that the spleen can earry out renovations on
cells

Jaconso~. T don’t doubt that platelets are important in recovery from
radiation mjery  owever, if one exposes muce ta 1000 ¥, and sver {
one shields the spleen, or mves bone mare~ '
venousty, all the cetlylar slom- ¢ .
low levels Recov .
lets, veeurs simult
to know which of t,
It 13 concervable t¢
only system which
exposure levels und .
for recogmzing inyu

Turxer If your

disease whuch 18 haer " . rvTe)

Jacopsoy No

More Some othe. = an ipability fo show aay
weatnch ere any difference it what

" . v strains now, and it doesn't

H ~  1uunk it s technical

Morsenui® ¥ should ba =o= 1f you can prodnee
o r -



GeNeraL Discussion 187

R S S

Frow. Dut if you frecze and thaw, freeze and thaw, 1t will not work,
because then, presumably, all activity has been lost.

Moescuuit, If you protect the spleen and remove 1t after one of
two days (f I understood you properly) you still get a good antibody
production Now if you protect the spléeen and take 1t out immedi-
ately after the X-ray, do you still get good antibody production?

In the experiments which I have discussed, the spleen

[

. .

tumour stself that 13 domng the job, because even in & tumour one has
normal tissue

Lorenz. We took not the oryginal transplant but the metastases i
he hiver, and we have shown previously that suspension of adult hver
does not protect

BurcnENar What happens to this reticutum cell sarcoma?

Lorexz It kills the mice, 1n about thirty to forty days

BurcneNnas Ifas it been tried 1 pumea-pigs of 1n rats, or some
species where 1t wouldn't tahe?

Lore~nz It 1s a very slow-g g tumour, and there are
no liver metastases ~The tumour itself contans s lot of crystalline
matenal—nobody kiows what this 13 We are trying to get enough

ulation theory
and cbviously

. Facragus I think you mught be able to rule out the repopulation
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L L TP O S P SO T S

Yunma: [ should hke to mention an interesting expennment of
Lushbaugh, who has shown that the yeliow bone marrow of the tad of
the normal mouse is not protective but can be made hemopoietic and
protectve by keeping the tasl at body temperature.

Loue~vz We use the long bones of the mouse, that 1s, bone that
normaily contaws bone marrow.

FacmZ s T o s aotinn 6m T L acoM Yaat mEale abin b g emebbar

different radiosensittysties,” For example, the capacity to produce anti-
bodies 15 ihtbited by about 230 r, the ability to phagocytize matcrral
13 not affected by 1000 r; diviston and multiphicatior of these cells are
nlubrted by about 500 to 800 r. Thus implies that these functions of the
same cell rcqmre (hﬂerent substnnces, 3ct the capacity of these cells to
function d This

ma) mean :hatuc nrcdmlmgu ithsev crzllhwnoml[actarsmlhrrllmn one,

l WGLLBRLTIN Hnux‘ You three po«snﬂe pl:

Plraae Bt nioe om ,..v._

Jacosson' That would be detovification

the anunals by giving streptomyein, however, all will eventually dee
Then you find a still depleted bone marrow. So 1t 15 not a detoxificatton
phenomenan

Turnrs I wondered if one might not take the wview that it 15 8
combrnation of the detoxification “2nd humoral factor theortes, some-
thig hike tuberculin sensttivaty transfer

LouF\z \Ou can see that [nr lhn reason thc homolnrvoui bone
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{Lorenz) transplnted g
bone m urrow, tnenty day s after irtadiation
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Funrm: T should Lke to mention an interesting expetiment of
Lushbaugh, who has shown that the yellow bone marrow of the tal of
the normal mouse 1s not protective but can be made hemepnietic and
protective by kecping the tadl at body temperature,

Lorenz: We use the long bones of the mouse; that i, bone that
normally contains bone marrow.

‘JA‘C(:B.?Jv 1 nas Ltnlking to Dr. Thorell Iast mght about 8 matter

bodies 15 intibited by about 230 r, the ability to phagocytize material
18 not affected by 1000 »; dsvision and multiplication of these cells are
whibited by about 500 to 800 r. This implies that these functions of the
same eoll reaimies diftarant aihctnnaac st o1« anmancios nf thonn asll 6

.

it _be the other way around, that somethmg was taken up by the

. ' 1 toxie.
' R Mice of
the €3I stram develop bacterzmua beginning the thrd day after
wradiatton  With iatravenous bane marrow they get no bacteramia
So you could say that is detowfication, You can also prolang the life of
the animals by giving streptomyem, however, all will eventually die.
Then you find a still depleted bone marrow  Sa it 15 not a detovification
phenomenon
Toever I wondered if one myght not take the view that 1t 1s a
combrnation of the detoxification anid humoral factor theories, some-
thing ke tubercuin sensitiviry transfer.
Lograz You can sce that for thes reason the homologous bone
marrow 1s alsays much more cffective than the heterologous We get
A 2 W) m P s i o i metmmmrne B2 < m nw OV cmiin

transplanted bone marrow i an mbred strain of guinea-pig looks hike
Toenty days after wrradiation with a Jethal dose. In a normal guinca-
pa, you don't find it, you find more bone and very httle bone marrow.



THE ROLE OF BONE MARROW AND SPLEEN IN
INDUCED AND SPONTANEOUS LYMPHATIC
LEUKZEMIA

EGON LORENZ, L. W. LAW and CHARLES C, CONGDON

KapLsn and Brown (1951) have shown recently that total
body wradiation will induce lymphoid tumours in C57BL
mice, while protection of etther the upper or lower half of
the body and even the shielding of one thigh will effectively
prevent the induction of lymphoid neoplasms. Observation
of the modification of mradiation injury by spleen protection
during rrrachation (Jacobson ef al., 1949) or by bone marrow
mjection, post-irradiation (Lorenz, Congdon and Upheff,
1952), suggested that prolonged depression of heematopoietic
tissues may play an important réle n the induction of lym-
phord tumours, Both splecn protection and bone marrow
njection result mn a rapid recovery of hematopoietic tissues
of mice given a total body exposure that would otherwise be
lethal. In the experiments of Kaplan and Brown, where the
thigh was shielded, bone marrow was protected Thus shuelded
bone marrow should have an eflect similar to that of spleen
protection or of the mjection of bone marrow. To test the
réle bone marrow plays m arradiation-induced lymphoid
tumours, the foll $ were perf 1 (Lorenz,
Congdon and Uphoﬂ' 1053) One group of C57BL muce re-
cerved four total body doses of 225 r once per week; during the
first irradiation the spleen was exteriorized surgeally but not
shielded. The second group recerved the same irradiation
treatment, but during each irradiation the spleen was
exterionized and shielded, The third group was exposed to a
single total body dose of 900 r with the spleen shielded The
surviving amimals were killed and autopsied three hundred
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ROLE oF MARROW AND SPLEEN 1N LEURZMIA
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days after the first irradjation, since at that time the in-
cidence of lymphoid tumours reaches a platean.

The results are as follows: In the first group without spleen
protection, a tumour incidence of 68 per cent was observed.
In the second spleen-protected group, the tumour incidence
was 2 per cent, and in the third spleen-protected group,
expased to a single total body exposure of 800 r, no tumours
were found. Tt is evident from these data that spleen protec-
tion eflectively mnhibuts the induction of lymphoid tumours
in C57BL mice. While the number of circulating lymphoeytes
showed a depression of long duration in the non-spleen-
protected group, this depression was less pr i and of
shorter duration in the spleen-protected groups. Concomi-
tantly, the bone marrow depression observed in the first
group at the termmation of the experiments was absent mn the
second and third group. These obscrvations indicate that
prolonged bone marrow depression accompamed by prolonged
reduction of lymphocytes i Iymphod structures may be a
major factor mn the srradiation induction of fymphoid tumours
m miee.

These findings suggest that bone marrow may also play 2
rale in sy us mouse leuk To test this possibility
a sertes of experiments were undertaken using Fy hybrid
mice derived from crosses of low-leukaemic mothers, the C3H,
stram, and lugh-leuhremie fathers, the AKR stram. The
smerdence of leuhwemia m the F, test mice is approximately
50 per cent, the meidenice of the {ather strain bewng elose to
100 per cent and that of the mother strain hemng approxi-
mately 1 per cent during therr hic span. Fy hybrids were
chosen because 1t 1s to be expeeted that bone marrow of the
father stramn as well as that of the mother strain will stay
ahve mn the hybnd At the age of three months, when the
hybﬂdi are still non-leukaenice, one group was injected intra-
venously with the boae marrow of one- to three-months-old
mice of the high-leukaemie father stram (AKR) which at that
4]l non-leukzmic {see Table). The second group
ly from th-old

age is also s
received bone marrow inir
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hybrids as well as in the leukemic donor strain.  Tumours
ansing in the hybnids following injection of low-leukeme
bone marrow, when transplanted, grew only n the hybrids.
This indicates that the bone marrow of the high-leukeemic
strain contains already, at one to three months of age, cells
which have the potentialities to develop into leukemia, al-
though frank leukemia 1s usually not observed until five
months of age. On the other hand, a single injection of low-
leukzermic bone marrow appears not only to decrease the in-
eidence of leukeerma but also to increase the age at which
leukzrma appears. Full evaluation of these findings, however,
cannot be made until the data for the full Iife span of the
animals are available.
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DISCUSSION

Mogscuiuiy I think it 1s very interesting that Dr Lorenz could
transfer leukemua by bone marrow transplants to the other ammals
before leukamia was mamifest It has long been beheved that leukemia
1 humans starts a long tume before 1t 15 chmcally apparent. We think
that 1 chronie myeloid leukzema tno to three years may pass before

her cosnophils rose to about 8-10 per cent, but not her leucocytes. In
the twelfth year her leucocytes started to rise, and 1n the stxteenth year
she died 1n a typical chronie myeloid leukima with terminal myeloblast
reaction So In that case one really could follow the whole evolution of
o A ot
+ + reciprocal crosses?
N v Or Gross has not a3
. Suppose the virus
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mice of the mother strain (C31,}. The third, fourth and fifth
group recetved four doses of 225 r total body irradiation once
per week, Groups IV and V received in addition, following
each irradiation, hone marrow from one-month-old mice of
the high-leuksemic strain or the low-leukemic strain respee-
tively. The first injection was made intravenously, the other
three intraperttoneally. In the upper part of the Table, data
on tumour incidence arc given for the non-irradiated bone
marrow tnjected mice to an age of fourteen months, together
with data on normal tumour ncidence in the AKR and
C3H, strains and the Fy hybrids; in the lower part data on
irradiated and mrradiated and bone marrow injected mice to
an age of eleven months, For companson the incidence of
Ieukarma in untreated hybrids 1 given for the same age.

Although the experiments are not complete since not ali
the mice have died, certnin conclusions can be drawn from
the data obtawed to date. When the hybrids were injected
with bone marrow of ene- to three-months-old mice of the
Ingh-leukaemic father (AKR) strain (Group I) the ncidence
of leuksenuta tn the hybrds ereased from 82 per cent to
55 per cent  On the other hand, the meidence of lenkaemia
decreased to 18 per cent (Group II) when hone marrow of
the low-leukemme mother stramn was myceted.

Xarradiation alone 1 the ! of leuk
at eleven months of age to 40 per cent (Group 11} in compan-
son to 11 per cent 1 untreated hybrids at eleven months. In-
jection of hone marrow of the gh-leukeemic father strain
{AKR) following irradiation {(Group IV) raised the mncidence
to 76 per cent, while injection of fow-fenkaemic bone marrow
{CaH,) followmng wradiation (Group V) had no influence upon
the mncidence of leukemia, This is not surprising in view of
recent findings of Kaplan (Kaplan, Brown and Paull, 1953)
that wntraperitoneal bone marrow wjections farled to influence
the inardence of irradiation-induced Jenkama in C57BL mice.

Transplantation cxperiments showed that leukomia arising
in the hybnd animals whueh had recerted bone marrow from
one-month-old mice of the lugh-leukienie strain grew in the
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hybrids as well as in the lenkenne donor strain, Tumours
arising in the hybrids folloning injection of low-leukmemic
bone marrow, when transplanted, grew only in the hybnds.
Tlus indicates that the bone marrow of the high-leuksemic
strain contains already, at one to three months of age, cells
which have the potentialities to develop into leukeema, al-
though frank leukemia is usually not observed until five
months of age. On the other hand, a single 1njection of low-
leuksemuc bone marrow appears not only to decrease the in-
cidence of leukemia but also to mcrease the age at which
leuksemia appears. Full evaluation of these findings, however,
eannot be made until the data for the full hife span of the
animals are available,
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DISGUSSION
Mozscnrry- I think 1t 1s very mteresting that Dr Lorenz could
transfer leukxmia by bone marrow transplants to the other anmals
before leuhmmia was mamifest It has long been believed that leukemia
n humans starts a long time before it 1s chmcally apparent We think
tl‘mE m chronte myeloid lewkemua two to three years may pass before
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is in the AKR stock, and doesn’t go through the male, and perhaps these

¥y's don’t have any virus in them. You have found that the incidence

is 40 per cent if they are irradated only, 40 per cent if they are just

given C3IL marrow, but 76 per cent if they are given AKI marrow,

e ettt & o C e e
. . P

ciprocal crosses.

We have done some other work on transplantation of AKR thymic
transplants to these hybrids. In each case the thymic fragment became
leukamic after a pertod of time, and upon transplantation these thymie
fragrments hehaved hke ¥, leuhmmias and not hke AKR leukwmias,
which were shown here 1n twa aut of five cases

Dustiv. I am interested in the relation between the depression of
Iymphocyte formation and the mcidence of leukzemia, Cortisone pro-
duces a simdar dep of Iympi s prolonged admnr-
stration of ¢ortisone inerease the p of i k

Tt

Cc .
frradiation also affects the hamopotetic reticulum cells
D : But ldn't you say that wradiation produces genetic

IsrakLs: Have you tried transplanting the thymuses of the ones you

tected?
p“l’,uv: T haven’t done any of that work.
Furrs* D of resi: by & 13 attri-

¥ rhacyuv depression, If this 18 true, ymphocytes infused
}’: tl;‘:gteonﬁgers may be protective. With this in mind, assoctates of
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smine tapped the thotacic or mesenterie duct of rats with plastic cnnnul:e,
observed and counted the Jymphocytes with the p mie
scope mected enough Iu bring the lympbocyte level of ireadiated
ammals back to nonmal, but there was no protection. 8o we eliminated
lymphacyte s the protecting cell, perhapy too hastily, [now suspeet
that the hemopoietic Teticulum cell might afford protection.

With regard to the fast part of Dr. Lorenz's discussion —narmely, the
Iatency of Hy—~thisis a which hay
been amply documented. Inrrahated tissues, one can see cells which
mosphologists would consider malignant—celis with gant suctet and
chremosome abnormahities; yet, they remam localized  Dr Hous and
others have shown that there sre several phases in earcinogenesis, one
with cells already sltered but remaining latent until a second stunulus
wiuch can be non-carcinogenic such 83 eroton of, will bring about
tumour growth. Dependent pitwmtary tomaur cells can remain fatent in
normal hosts dunng about one-third of the hfe span of the anmmal, So,
by inference, we should atso thude of phases i leukemogenesis,

U



EXPERIMENTAL AND CLINICAL ASPECTS OF

THE ACTION OF VARIQUS CARBOXYLIC ACID

DERIVATIVES IN THE AROMATIC NITROGEN
MUSTARD SERIES

A. HADDOW

Tk work to be presented in this communication is a recent
outcome of a large-scale investigation started six years ago in
collaboration with the late Professor G. A. R. Kon, Dr. W.
C. J. Ross and others, (Haddew, Kon and Ross, 1948), the
purposes of which were: firstly, to endeavour to improve the
therapeutic eflicacy of the mitrogen mustards by study of a
large number of derivatives in the aromatic series; and

dly to eluad their fund 1 mode of action.
The brological test objeet imtially used was the Walker rat
carcinoma 256, subsequent tests being extended, as indicated,
to include other tumours of the rat and mouse, spontaneous,
transplanted and mduced. this procedure had meanwhile been
success{ul in detecting the minbitory effects of such agents as
the synthetic cestrogens, urethane, and “Myleran™ (1:4-
dimethanesulphonyloxybutane, Haddow and Timumus, 1953).
At a farly carly stage there emerged a certamn association
between biological action and chemical reactivity: thus is
lustrated i Table I, and proved an important factor in
directing the course of the work in its fundamental aspects.

The entire scries now represents a large number of types of

i d luding the sub-senies to which the
present communtcation refers, namely the carboxyhc acid
derivatives shown m I, which are due m the mamn to Dr. W.
C. J. Ross. Of these compounds, the member m which n=38
(CB1348=NN-di(2-chloroethyl)-p-armnophenylbutynie acid)
proved of special nterest in so far as 1t 15 the first substance,
at least in the writer's expenence, capable of producing, when

196
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Table I
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administered shortly after implantation, complete inhibition
of the growth of the Walker tumour. This effect is illustrated
in Table 11 and, although striking, is most probably due not

Table 11
AcTioN oF NN-pi{(2- -p ac Acip (2 w0
ApVINISTERED IDAILY BY FECDING] ov THE Growty OF ThE WALRES RaT
Cancinosra 258, Tumovs WEiGHTS (6.) AT FoUrTEEN Davs

Contrel 83 33 19 16 13 13 L L3
Treated . .{ © [ Q a 0 o 0 ]
o o

to any specific effect of the acid side-chain, but rather to
favourable pharmacological properties concerning water- and
fat-solubility. When tested against other tumours such as
the Crocker sarcoma 180, the sarcoma S-37, the Krebs ascitic
tumour and transplantable leukzemias in the mouse, various
degrees of inhibition are observed, although in no casc are
they as strsking. The sentes fs still under examination, and an
interesting recent development, due to Professor F. Bergel
and Dr. J. A. Stock, 1s the detection of high activity in the
“mustard” derivative based upon phenylalanine {II)

CUCH, T
n@{u,cwcoou
TRV {
M,
) 4

Thiscompound is the first which has been observed to mduce
active regresston of the Walker carcinoma even when the
tumour has become well established. However, its effects
upon the mouse tumours mentioned is by no means propor-
tional, some wdeed bewmg relatively resistant. Al these






3
85

o

Q.. a

appearance of the
uced by treatment
Ibutyric serd,

{a) the nermal

the chianges ind

thyly-2

son Lerween
ma and (b}

Compars
Walker rat caroinol

¥ 1

i

it

wath M-




AcTioN oF CArBOXYLIC AcID DERIVATIVES 199

of the mechanies of mitosss, and, not infrequently, preat
increase in ccll size (Fig. 1). In the effects which it produces
on the eourse of body growth w the rat, and on the red cell,
lymphoeyte and ncutrophil counts of the peripheral blood,
NN-Qi(2-chloroethyl)-p-aminopheny loutyric acid presents an
interesting countrast with Myleran, and the combmed effects
of the two agents when given together, or super-imposed, are
highly sirmiar to the ch istic changes produced n the
same elements by Xeradiation, as is shown i Fig 2. This
aspect has been subjected 1o a specially detailed study by Dr.
L. A Elson, with resuits wlnch promise to be of service in
3 1w chemical terms, the hanism of action of
X-radiation itself,

Becanse of its rather exeeptional inhitatory activity when
tested aganst varous tumours expenmentally, NN-di(2-
chloroethyl)-p-aminophenylbutyric acid was sclected for
chmical trial in cases of mahgnant disease for which no better
or no other therapy was mdicated, and with special reference
to the lympl and lympt 1 This tnal was
conducted by Dr. D, A, G Galton and Dr. M. M. Til}, to wham
1 am indebted for the facts on which the following account 1s
based  Although the tral has been in progress for no longer
than a year, a tentative or preliminary statement can at least
be made To date, 28 cases bhave been treated, and may
be broadly grouped as follows:—reticutum-cell sarcoma
four, lymphosarcoma six, Hodgkin's disease nne, follicutar
tymphosarcoma three, chrome lymphatic leukemua two,
mycosis fungoides oue, multiple myeloma one, acute lymphatie
leukzrmia one, acute myciowd leukemia one.  Especially
the first three groups there 1s some overlap both chimically
and pathologically, and hence 1t 1s unprofitable to attempt to
assign any therapeutie effects too npdly to one or another.
One case of reticulum-cell sarcoma, three of lymphosarcoma,
and one of Hodgkm’s disease and of muitiple myeloma, were
in the termunal stages of disease and received treatment for
only one to four weeks. Two showed some regression, 1o &
striking degree in one case of lymphosarcoma, but of no real
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therapeutic significance. Seven eases with progressive genera-
lized disease and serious constitutional disturbance were
treated, all considered to be beyond the compass of chemo-
therapy. Of these, six showed some response, in that persistent
pyrenin subsided, sweats ceased, and lymph node masses
regressed. In all cases but one, however, these effects were
shorthved, and cannot be considered therapeutically useful.
The exception 1s a woman with generalized reticulum-cell
sarcoma, who presented with a short history of sore throat,
sweats, malaise, loss of weight and intense pruritus, and who
on examination was febrile, with enlarged ulcerated tonsils,
g d massive lymphadenopathy, hepatospl ly,
and skin rash. Four days after starting a course of CB 1348
by mouth she was afebnle, and thereafter her symptoms
rapidly subsided and all foar of disease regressed dramatically
She 15 well and recurrence-free, seven months later. Instances
of the kind occur from time to time with all remedies of this
general class, but they are exceptional and not in themselves
important m assessing the value of any given agent, which
must rather be judged by 1ts average performance.

‘Ten cases were treated for generahzed disease of more
recent onset or of apparently greater chronicity than those
already considered. They include one case of lymphosarcoma,
three of follicular lymphosarcoma (a more differentiated and
sometimes more slowly progressive form), and six of Hodgkm’s
disease. Al except one responded in some degree, although
only 1 the cases of follicular lymphosarcoma was the effect
at all striking. Tt must be said at once that follicular lympho-
sarcoma 1s the most treatment-senstive of this group of
diseases, and good results can be obtained with diverse
methods. Nevertheless, the smooth response, and the ahsence
of side-effects or of serious damage to the bone-marrow, have
been gratifymg features m these three cases, particularly sinee
one had had repeated treatment over the past seven years
with X-radiation, triethylenemelamine and 2P, with poorly
functionmg bone-marrow 1 the last year. A case of mycosis
fungoides, of four years’ duration, was treated after having
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hecame refractory to radiotherapy and having failed to
respond to **P. Remarkable improvement followed, but within
a month relapse again occurred in spite of increased dosage.

In chrenic lymphatie leukwemia, therapeutic is
specially difficult because of conflicting opinion concerning
treatment policy and general management, Although both
cases treated were in the later stages of the disease, neither
had received previous radiotherapy. Both responded well, and
mention ean be made of the smoothness of the remissions and
freedom from side-effects,

In all cases save two the drug was administered orally,
first in a dose of 02 mg. per kg. body weight per day, and
Iater, on account of the occasional observation of moderate
neutrapenun efter four to six weeks, at half this level. The
average total dose was 400-600 mg. over a period of four to
eight weeks, although a few cases received the drug for Jonger
pertods—in one case for sixteen weeks, representing a total
dose of over 1 g It may be noted that the bone-marrow of
patients n the lymphoma group 1s more sensitive than that
of other persons both to X-rays and to the mtragen mustards.
Withn the lymphoma group, lymphatic leakemia cases show
the most sensiive marrow, followed closely by follicular
lymphosarcoma cases; patients with Hodgkin's disease and
the lymphosarcomata tolerate rather larger doses. Although
w the present trial any depression of the bone marrow has
been mild and quickly reversible, (possibly on account of the
nse of sub-optimal doses), 1t must on no account be supposed
that the compound 1s entirely safe. Thus it 1s eapable of
producing destruction of al} the bone marrow elements, with
consequent aplasia, and repeated small doses, m the rat, may
lead eventually to myeloselerosis with splenomegaly, Control
of treatment by frequent blood counts must therefore be
considered essential.

From the experience so far gained there would appear to be
Little doubt of the efficacy of NN-di(2-chloroethyl)p-
aminopheny}butyﬁc ocid in cases of follienlar lymphosarcoma
and of chronic Jymphatic leukeemia. How the long-term results
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will compare with those obtained from radiotherapy still
remains in doubt, and can only be determined from the study
of larger numbers, Although the general trend has not greatly
differed from that experienced with the aliphatic mtrogen
mustards or triethylenemelamine, the results themselves
have certainly been of sufficient promuse to warrant further
trial- even if the drug 1s unhkely to prove mherently superior
to these and others aleeady used, it will still retain the real
advantage of greater safety.

The original purpose of this Conference was to consider
present trends and future polictes 1 leukeemia research.
Gratifying though it may be that the work of the past ten
years has yielded therapeutic agents, even if these are of
limited power and applicability, there seems httle doubt that
the future cannot he with cytostatic and mitotic poisons, or
with radiomimetic agents. Sir Lionel Whitby, Dr. Furth and
Professor Engelbreth-Holm have all testified to our real need,
namely, a k ledge of the p of duffe 1ation, and
of the normal regulation of growth, sufficiently profound to
allow, 1n the case of the cancer cell, a restoration of function—
a healing of the biochemical lesion, rather than the mere
destruction of the cell which earnesat. 1 propose, therefore, to
proceed to the thesis that the more fundamental study of
agents of the kind with which I have been dealing will lead
to entirely new conceptions which may, as it were, by-pass
the present situation and so provide a more physiological
solution. Most of the types of chemical agent to which I have
referred are careinogenic and mutagemc Their high degree
of chemieal Teattivity, the dependence of acvity on a poly-
functional structure, and the ease with which the relation
between structure and activity can be studied, have led to the
conception of therr action through biological alkylation,
whether of genetic protem or its precursors, 1n the case not
only of the mustards but of the epoxides, myleran series, and
polyethyleneimines as well From their effects on the salivary
gland chromosomes n Drosophila, Dr O G Fahmy has
concluded that these chemical agents produce a disabling
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ellect on some of the gene Joci, the affected gene faihng to
reproduce itself cither completely or only partially. Here
may be a demonstration that such agents are capable of pro-
ducing genctic loss, and one consistent with the view from
other cvidence, that in the cancer cell, or the leukemia cell,
the loss may be of some controlling enzyme system normally
regulating the synthesis or availability of substances essential
to division. Our own thinking along these lines has been
greatly infl 1 by much independent work on the possible
réle of xanthopterin in the regulation of kidney growth and
size. In this case the active pterin is & substrate for xanthine
oxidase, and clearly it is not beyond the bounds of possibility
that somatic mutation, through the loss or modification of
some such regulatory enzyme protemn, could readily lead to
the accumulation, or unrestricted synthesis, of substances
vital to cell division and determmmng 1ts rate. Nor nould
this mterpretation be wneonastent with evidence already
existing, mainly from the work of the Madison school, as to
the deficiency of enzymic systems in the mitachondria of the
cells of tumours produced by dimethylamino-azobenzene, or
the ehmination of protemn as an essential stage in hepatie
carcinogenests. It may indeed be possible to proceed further,
and to hazard a guess that the ulbmate phase in the treatment
of lenkemia may be some sort of substitution therapy, in-
volving not the cytostatie and radiomimetic agents we bave
so far been consdering, nor indeed artificially constructed
purine, pteridine and folic acid antagonists, but naturally
occurnng enzymes normally concerned in the regulation of
purine, pteridine, folie acid and nuclete actd synthesrs and
metabolism, m wiach the leuk cell may ivably be
deficient through a process of carcinogeness by loss,
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CLINICAL EXPERIENCE WITH MYLERAN
THERAPY, ESPECIALLY IN
MYELOID LEUKAMIA

POUL BJERRE HANSEN

Tis report is a bref survey of the results obtained in an
cighteen-month chinical trial of **Myleran” in chronic myeloid
leukeemia and some allied disorders. The Radmm Hospital
in Aarhus received the drug from the Chester Beatty Research
Institute in March 1952, and treatment was given on about the
same lines as in the climeal trial which was commenced at the
Royal Cancer Hospital in 1951 by Dr. Gaiton.

Duning this period of eighteen to twenty months about
G0 patients were treated with Myleran, Table I shows the
distribution of the patients according to diagnoss.

Table I
CASES TEATED Wirn MyizRaN, Marce 1052—OCTOBER 1953

Chrome myelod leukemia . Ce e e e . 83
Subacute myeford feukema PR 1n
Chronuc Iymphatic leukemia

Chronse sleukarmc Iymphatic leukenia combined with “Macroglobulin-

®=ma’ . . . 4
Multiple my eloma. 3
Polyeythremia . 2
Hodglan's disease and Iymphosarcoma g

59
As a beneficial effect was ob il di 1y in patients

with chronic myelod leukeemia, thns first main group will be

considered 1n some detail. The ages of the patients ranged

from eleven to seventy-four years, there were 16 women and

seventeen men. Fifteen of the 33 patients had previously

recerved radiotherapy (up to seven courses), chemotherapy
205
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{arsenie, wrethane, colchicine, ete.) nnd other- forms of
therapy. The average duration of the disease before Myleran
treatment was about seven months in the 18 previowsly
untreated patients, and about twenty months wn the 15 pre-
viously treated patrents, The average ages of the patients in
these two subgroups were roughly identieal, nanely about 43
and 47 respectivaly, when Myleran therapy was started.

& suminary of the results obtained by Myleran therspy

in these 88 cases s given 1 Table ¥,

Table 11
Resvwss o Mysenax Tosmary v 98 Cases of Cunowsc MyEromn
Levkais
No gesponse
Lashial and Ineteaf resonsvvon follocsed {rapd giragrew
Period of masntssned b reorsianié Lo or fermeal
i remiaston Sylrvam ond redapse relupit)
tmonihs) Aifatice Aie Dead it arad
s 3 ) 7 < Y v ¥
o-2 ! o ° o 1 ? 3 2
-3 2 [ o ] o 8 [} L3
68 ¢ o 1 o [ o 1 o
911 2 2 [ 4 o o o e
12-13 2 3 LY o 1 ] © 0
15-17 @ @ o 1 0 1 0 @
18-20 2 a 0 a a @ @ o
u 6 ) 2 2 $ 4 %
I or & €t W 6% & Tt o-18
Pt - |

{38 previonsly unereated c.\ses? *
}

(35 previousty treated cases

Of the 18 patients who had not received any previous
Jreatment, 12 are alives s one of them “resntance” to
Myderap has developed, and the disease 55 again n progress
after ap tial remission lasting five t6 six months. So fan,
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11 patients show excellent remissions having fasted from five
to twenty months tn ten eases, The remaining six pabients
in this group died. In two instances an initial response ta
Mjylersn treatment was seen. In the first of these, o promising
remission was interrupted about twa months later by & fatal
cerebral heemarrhage, and in the second a poad remmsion
lashing ten months was superseded Ly an acute terminal
velapse. No resp to Myleran was seen in the
Iast four patients; the disease advanced rapudly ond the
patients succumbed, three of them withun one to two months,
It was felt that in onre or two of these eases radiotherapy
mght, perhaps, have been more benefitial, but as far as the
rernatning cases are concerned, we are of the opimon that
Myleran therapy was superior to, or at least as efficent as
radiotherapy would have been. Obwiously, this 15 only an

ton based on ¥ { exy with bath fnds of
treatment. A contemporary control trial with radiotherapy
has not been attempted, so far. During the peniod of Myleran
trial only two patients with mycloid jenkmmsa recerved radio-
therapy.

The results obtaned mn the 15 previously treated patients,
seem, hoswever, to lend some support to this opimson  Of these
15 patients, s1x are shve and show good termissions which have
lasted from ten to twenty months. Two other patients
responded well to Myleran therapy and had remusssons lasting
ten and fifteen months, but then an untreatable, presumably
terroinal relapse developed, and the patients are tn a very
poor condition {(Nov 1958). Of thesc eight patients so far
mentioned, seven had previously recetved radiotherapy, and
at Jeast five were 4 1y The seven
patients died. In three cases a good immediate response to
Myleran was seen, but only transient rermssions lasting s few
months were obtamed Al three patients were resistant to
radiotherapy. Two other patients showed good and relatively
long remissions tasting thirteen and sixteen months, followed
by an acute relapse. In the last two eases no response to
Myleran treatment was obtamed  One of them died from an
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acute, profuse retroperitoneal hemorrhage, before any definite
response to Myleran could be expected. These four patients
had previously received two to three courses of radiotherapy
with moderate benefit only.

This brief survey, giving merely a rough outline of the fate
of the patients treated with Myleran, is based on thorough

CASE 3.
400, Plalelets,
300
200
10%100!
[3
50

Rpert0®
7

100 4 Hob%

&Q 7773 ca 204t

Weeks 11573314954 60 74809 4100114 120134 M4 154184174783 }19]

Fis 1. Case 3 Sicty-two.year-old woman Radiotherapy
and colchwine treatment previously. Good 1mtial response to
Myleran therapy  (March, 1952) A satisfactory remission is
sbil mamaned with 2 Myleran dose of 10-12 mg per week

examinations of the patients before, durmng, and after the
treatment; all details are omitted. Only two illustrative curves
of the typreal k logieal changes in two who re-
sponded well to Myleran therapy will be shown (Figs, 1 and 2).
In addition, a typical example of the regression of an enlarged
spleen 1s shown m three photographs, one taken just before
Myleran treatment was started, and the others three and five
weeks Jater. Finally, 1t must be emphasized that just like oll
other therapeutic measures so far available in chronie myeloid
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acute, profuse retroperitoneal hemorrhage, hefore any definite
response to Myleran could be expected. These four patients
had previously received two to three courses of radiotherapy
with moderate benefit only.

This brief survey, giving merely a rough outline of the fate
of the patients treated with Myleran, is based on thorough

CASE 8,
400 Pratetets,
300
200 /W\___/
10100
0
150 Rbcu10®
’
'... T e <
toa] Vi Hob%

0% 50 2
3
wee
0l wmmm e
/
Weeks 1 1529354,546728¢2 163174184 4183

Fia, L 8. Syt ld woman,

and colchieine treatment previously  Good inital response to
Myleran therapy (March, 1952) A satisfactory remissiofn 1s
still mamtamed with a Myleran dose of 10-12 mg per week.

examunations of the patients before, during, and after the
treatment; all details are omitted, Only two llustrative curves
of the typeal hematological changes in two patients who re-
spanded well to Myleran therapy will be shown (Figs. 1 and 2).
In addition, a typical ple of the reg: of an enlarged
spleen is shown mn three photographs, one taken just before
Myleran treatment was started, and the others three and five
weeks later. Finally, it must be emphasized that just hke all
other therapentic measures so far available in chronie myeloid
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feulemin, Myleran treatment must be regarded as pathative
and must therefore follow the fines of afl paliiative therapy,
which means that, first of nll, it is the general condution of the
patient that cotnts.

The sccond main proup treated with Myleran conswsted
of 11 patients with subacute myeloid leukaemia, The ages of

CASE 7.
m";go M‘IT
Ll
300
Rbenio?
“
Mo %
2
2
wac !
~

€8 2041

Wetks 114 2400815062758, 9 0004120, 1415011318y 19,20, 31,22
Fio 2 Case 7 Forty-one-year-old woman, No previous treat-
ment Lxcellent seutral and eontnued response 1o Myleran
therapy The remission obtamed 1 Apnd, 1932 14 stdl man.

taned with & Mylexan dose of only 34 mg per week

o i ke mmmend Fanre pasaobans be o 4 an

had not reeetved sny previous treatment. Myleran Ehcrapy
was tried, but 1o real response was obtained in any of these
cases  In two or three cases a very shght and bref improve-

ment was seen, foliowed by rapid progress of the di
all the patients died. ® e disease, and
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It seems quite obvious that Myleran therapy is ineffective
in cases of subacute myeloid leukemia and in the terminal
phase of the disease. In view of the discouraging results
obtained in subacute cases, no attempts were made to try
Myleran therapy in acute leukemia.

In the various smaller groups of alhed diseases, Myleran
proved quite ineffective in chronic lymphatic leukamia,
Hodgki’s disease, and lymphosarcoma, There were three
cases of multiple myeloma, and it was felt that two of these
patients derived remarkable benefit from Myleran, particu-
larly as a maintenance therapy. In one ease of uncomplicated
polyeythemia no effect of Myleran was recorded; in another
case complicated by a myeloid leukemic reaction, a distinct
“remission™ was seen. In the last group consisting of four
patients suffering from the peculiar aleuksmic “lymphatic
leuk »” 1 1 with lobuli iz a certain

maerog
mprovement m the general condition was obtained, and it
was possible to this “‘remi > for a iderable
time in two cascs. No influence on the neutropenia or on the
very high sedimentation rate and the abnormal serum
globulin values (measured by paper-electrophoresis and ultra-
centrifugation) has been recorded. These patients are still
under masntenance treatment.

Finally, the dosage problems in Myleran therapy deserve
brief mention. Myleran was given orally m 2 mg. tablets.
The “normal” or average schedule was 6 mg. daily for four to
six weeks, followed by smaller mamntenance doses, for
example, 2 mg. daily at first and then 2 mg. every second day,
or sometimes only one or two tablets per week. Sometimes,
treatment was stopped fer one or twa mouths, and m other
cases the dose had to be mcreased perodically, for example,
to five tablets (10 mg.) per weck This procedurc was con-
tinued for months. The mam guide 1n decsions as to treat-
ment and dosage has always pnimaniy been the general condi-
tion of the patient, including the hamoglobin level, and
secondarily the white blood counts, the size of the spleen and
lymph nodes etc. Blood counts are indispensable as a contro}
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measure to avoid a too pronounced depressive effect on the
b poiesi pecially on the thrombopoiesi! The
administration of Myleran is easy and, apart from thrombo-
cytopenia, there are no side-cffects. Usually, the treatment 1s
started 1n hospital and continued there for the first four to six
weeks; then the maintenance therapy 15 carred on with the
patients staying at home, and in many cases, working nor-
mally. The patients return for follow-up exammations at Jeast
once a month, while blood counts are done weekly {or nearly
50) 1n collaboration with local hospitals.

In a relatively high proportion of the cases treated, several
blood transfusions were given n the initial phase of treatment,
because many of the patients were in a very poor condition
when first seen; quite often the hzmoglobin level was below
40 per cent  Later, no auxihary therapy was necessary m the
majority of cases. In a few patients, combined therapy with
urethane and Myleran i small mamtenance doses was
attempted. The reason for this combined therapy was that,
with the Myleran dosage used, 1t was not possible in any of the
cases to deplete the peripheral blood completely of immature
cell forms. This was not constantly achieved either with this
supplementary therapy, but in two cases where the tendency
to thrombocytopenia was disquieting, a permanent combina-~
tion of urethane and Myleran therapy seemed to be rather
useful, These two patients are both alive with good remissions.
The possibilities of combined therapy of all kinds ought to be
subjected to further mvestigation m future.

The work performed i the hematological and research laboratories
at the Radum Hospital in Aarhus, Denmark, 1s aided by grants (to
L Bichel) from The Tata Memonal Foundatton, The Anders

nti-Leuk: and C P. Schepler and Wife's
Bequest, the Irma Foundation, and 1s supported by the Danish Anti-
Cancer League Thanks are also due to the Chester Beatty Research
Institute for the supply of Myleran and hind collaboration
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1t scems quite obvious that Myleran therapy is ineffective
in cases of subacute myeloid leukamia and in the terminal
phase of the disease. In view of the discouraging results
obtained in subacute cases, no attempts were made to try
Myleran therapy in acute lenkzmia,

In the various smaller groups of allied diseases, Myleran
proved quite ineffective in chronie lymphatic leukemia,
Hodgkin’s disease, and lymphosarcoma. There were three
cases of multiple myeloma, and it was felt that two of these
patients derived remarkable benefit from Myleran, partieu-
larly as a maintenance therapy. In one case of uncomplicated
polyeythemia no effect of Myleran was recorded; in another
ecase complicated by a myelotd Jeukzmic reaction, a distinet
“remission” was seen. In the last group consisting of four
patients suffering from the peculiar alenkemic *lymphatic
Tedlmmin® .

bined with macroglobul; ja a certain
improvement mn the general condition was obtained, and it
was possible to this “r " for o considerabl

tume i two cases. No mfluence on the neutropenia or on the
very high sedimentation rate and the obnormal serum
globulm values {measured by paper-electrophoresis and ulira-
centrnifugation) has been recorded. Thesc patients are shll
under mamtenance treatment.

Finally, the dosage problems 1n Myleran therapy deserve
brief mention. Myleran was given orally in 2 mg. tablets.
The “normal” or average schedule was 6 mg. daily for four to
six weeks, followed by smaller mantenance doses, for
example, 2 mg. daily at first and then 2 mg. every second day,
or sometimes only one or two tablets per week. Sometimes,
treatment was stopped for one or two months, and mn other
cases the dose had to be mereased periodically, for example,
1o five tablets (10 mg.) per week. This procedure was con-
tinued for months The main guide m demsions as to treat-
ment and dosage has always pnimanty been the general condi-
tion of the patient, wncluding the hemoglobin level, and
secondarily the white bleod counts, the size of the spleen and
Iymph nodes ete Blood counts are mdispensable as a control
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away precipitously.
Table B shows the growthinlubitory effect of Adlerent doses of

Table B (Haboow)
ACTION 0F MEMBFRS OF TnE SERIES ON GROWTH 0F WALKER RAT CARCINOMA
256

{Each expenment based upon ten rats)

—
Dose.

(mg n

it of

aves

welght
adle sl al sl sl 2] sl el
2 - | - + + + - | - -~
5 | — 1 = l+ =] =
10 — ]+ +

each compound in the same series. Again, the compounds with four,
five or six carbon atoms in the central chain are the most effective by
dose. In geparate work by Dr. Ross and Mr. Timmis on the chenucal

wumour, and towierty.
‘Wanwicx Prof Haddow mentioned that greater eflects had been
noted on the Walker ith NN-d(2 h
phenylbutync acid (CB 1348) than had been seen before with other
members of the mustard senes, Mave you tried this compound in

. =~ ausby s s spspuoid gioap, 1t M L and §
carmied out an extensive trial on cases of advanced earcinoma of vaned
onigin, mostly with widespread metastases. Although we obtamed
iteresting information about the effects of the substance on penpheral
blood and bone marrow, and on its general toxicity, there was no
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DISCUSSION
Ispagrs: Would Prof. Haddow like to tell us what directed his
attention to M;:Ierang It is quite different chemically from the other

Thus we accumulated & number of pairs of compounds, ene having

Loveless and Ross the { that the p !
might be required in order to effect chemical cross-linkage between
i hinear possibly in the chromosomes them-

selves. This interpretation we new know to be unduly simphfied, 1:\:@

b ickibygatl i< as A aPieTan R ouar iAol uns Jigt Aup Ik S0
2 A 5

and which includes ‘Myleran’ (1 - 4-dumethanesulphonyloxybutane), was

happily an exception, and zepreseqts, so far es I know, the only exaniple

m this i fon, in which d on what

...... I I 1 N N S-SRy )

generally i normal smmals the mustards hit the lymphords much more.
I wonder 1f Prof. Haddow has any more expermmental data on that,
because I think that ats effeet in normal animals on the two difesent
types of cells 1s very important.
Happow- I had intended to mention this if there was enough time
Table A is based on work done by Dr. Elson, and shows the effect on the
Table A (Habpow)

Errrer oF SErigs CH, S0, O~(CH,)x~0 SO, CH, oN CIRCULATING
NEUTROPHILS IN TUE RaT

Dose Per cent fal in neutrophils ’ F ]
o mg /kg () from normsl (F) 5
3 40 50 13
2 B 70 88
5 12 85 71
K 40 60 15
b 60 40 07
8 80 50 06
9 100 40 04
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count alone.

Dostine From my very linited experience Myleran js an exeellent
treatment for myelord lukoemua, and the patients feel much better,

Dr. Hansen mentioned the association of urethane and Myleran, and

temue pose v fr
3

LR . R A B 3

n
Toxieity of Series CH,S0, O (CHpnO SO, CH,
(Dose producing fatal hemorrhage)

Fro 2. (Haddow)

1 would like to know what are the doses of these two drugs, When they
are used together,

Hansea: In one of the two cases I mentioned the Myleran dose was
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E O P G S S

twice as much intravenously.

Wurny. I'd hike to laok at this problem frorg another angle just for a
moment. What exactly do we mean by a good chinical response or a
good remission? Should it be synonymous with a reduction in the
leucocyte count? I noticed that a number of Dr. Hansen's cases
ample hemoglobin and other factors, all they were suffering from was

© o AGE HYDROLYSIS
s N AQUECUS
ACETONE

s

2

s

s

Ed

x

2

£

T S
2 3 4 5 6 7 8 90
n

ClH, S0, O (CHyn 0SO, CH,
Fre 1 (Haddow).

i,
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this purpose a group of 17 rabbits and six eats were used.
After preliminary experiments, the cats were given 0:25
mg. per kg. body weight daily intraperitoneally and the
rabbits 8 mg. per kg. intravenously. This dosage was chosen
to produce a definite change in the blood picture without

&0 et 0 CHy
cH 0.
ocky 0 ook 0
OHy 5
Colehueine Demecolein

causing any significant side effects. Erythrocytes, reticulo-
cytes and leucocytes were counted m all the animals,
differential counts were prepared, and periodic marrow
punctures performed.

Only the main findings will be indicated here (Fig. 1). For
more details the reader is referred to the dissertation by
Lichtman (1954).

Two days after the intravenous injection of Demecolemn
the total number of leucacytes began to drop, due to a decrease
m the neutrophils. The effect was delayed about twelve to
fourteen days in ammals treated orally After cessation of
therapy, the neutrophil count began to nse in two days,
attainmng its initial value within eight to ten days. With the
dosage used, the lymphocytes were found to be only shghtly
affected 1n the cat and neghgbly 1n the rabbit, with similar
results 1n the thrombocyte, erythrocyte and reticulocyte
counts, Exammation of the bone marrow revealed a definite
diminution to approximately one-third of the mital values of
the myelogenous elements, so that the erythropoletic portion
appeared relatively increased. During the administration of
this rather high dose no side effects were observed in the
rabbit other than a defimte weight loss and an inhibiory
effect on spermatogenesis, The cats were more sensitive, and
were unable to tolerate a dosage of 0 5mg. perkg. body weight,



A NEW COLCHICINE DERIVATIVE (DEMECOLCIN
CIBA) AS A CYTOSTATIC AGENT IN
MYELOGENOUS LEUKAZMIA

8. MOESCHLIN, I, MEYER and A. LICHTMAN

SincE the work of Jacobj (1890), Dustin (1938) and Bucher
(1939), the inhibitory action of colchicine on mitosis, with
blocking 1n the metaphase, is well known. With the exception
of local application to skin tumours, its clinical use by
Landolt (1948-44) 1 the therapy of tumours and Jenkemias
failed, due to the generalized toxicity of the substance.
Santavy and Reichstein (1950) succeeded in isolating purified
alkalowds from the mixture present in Colchicum aqutumnale.
Among these an alkaloid designated as Demecolein (deacetyl-
methylcolelieine) proved of interest because of its lowered
general toxicity, The CIBA Company kindly placed this drug
at our disposal in the autumn of 1852 for use in animal
expersmentation and in chmcal trials as a therapy for Jeuke-
mias and other neoplasms (“Colecermd”, CIBA).

Pharmacolegical Properties

Demecolem 1s 8 erystalline, water-soluble alkaloid obtained
from the corm of the Colchicum autumnale plant. The normal
acety! group 1s replaced by a methy! group. . r, 180-186°C.
Schar, Loustalot and Gross (1954) observed an antimitotic
action similar to that of colchicine in cultures of normal and
mahlignant cells and in implanted tumours. However, the
acute lethal mtravenous desage for mice was 3040 times

bigher than for calehicine

Animal Experimentation
Prior to chinical use 1t was ymportant to study the action
of Demecolcin on the peripheral blood and bone marrow. For
216
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" rmia. Since the initial

to be earefully studied,
. . Its of a few cases which
have been observed for o long time. The results obtained have
been so impressive that we felt it would be of practical interest
to submit a preliminary report.

(a) Chronic myelogenous leukmmia (ten cases)

A distinct depressive action was seen on the pathologically
mncreased leucocyte levels itantly with a d in
the size of the enlarged spleen. At the same time, there was
an ncrease in the number of erythrocytes and 1n the hemo-
globin values A comparison of the sternal marrow and
splenic puncture prior to therapy and after three months of
treatment, showed a marked change from the immature
myeloid forms to more mature forms, Ths change is similar
to that described in our investigations of arsenie compounds
and urethane (Moeschlin, 1951).

The clinical course of the forty-seven-year-old male (W)
shown mn Fig 2 may be taken as typical of this disease under
Demecolein therapy n our series. He has now recerved ambu-
latory treatment for thirteen months with periodic controls
Under a mamtenance dose of 2-5 mg. of Demecolemn daily
he has been enabled to return to tull-time employment.

(b) Acute and subacute myeloid leukzemia (six cases)

Although our knowledge here 1s only in the prelimmary
stages, the results obtained have been so encouraging that
further clinical trial of Demecolein i acute myelord leukzrma
15 strongly imdicated.

The clinical course of a thirty-nine-year-old male (Sch.)
with chromie myeloid leukemta showing a subacute myelo-
blastic episode, 1s seen 1in Fig. 8 Two other cases of acute
termunal blastie episodes m chrome myelod leuk®ma atso
showed a very good respopse The leucocytes dropped from
114,000 to 17,000, with the disappearance of blast forms, and
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showing emesis, ptyalism, muscular pain, and difficulty in
swallowing. No more severe changes were seen in the bone
marrow of eats than in the rabbits; this is in contrast to our
findings in cats given urethane {Moeschlin and Bodmer, 1951).
In summary, the doses used, namely 025 mg. per hg. in
cats, and 3 mg. per kg. in rabbits, produced a definite, almost
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of the drug

elective inhilition of the granulocytopoiesis without any
important side effects.

Clinical Tests
Because the ammal expertments demonstrated an im-
pressive selective inhibrtion of the granulocytopoiesis, with a
limited toxicity, we were interested i trying this drug in
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the enlarged spleen and Yymph glands showed a decided de-
erease in size under a daily dose of 10 mg, Punctures of these
organs had previously shown up to 90 per cent blast forms in
the smears. The patient’s appetite and general condition
improved so markedly that he was discharged from the
hospital. Unfortunately he died four months later of s
traumatic spleme rupture incurred in a severe accident.
Autopsy showed azodspermia in the testes, The two other
cases are still in good condition.

The case of a thirty-three-year-old male {B.) with acute
paramyeloblastic leukwma 1s presented in Fig. 4. The
patient first developed symptoms in March 1983, exhibiting
a hemoglobin of 44 per cent and 1-2 million erythrocytes. He
was hospitalized on April 7th of the same year.

Prastes) Seg e Pl x L v P << h

es

17,100. Sternal marrow showed 50 per cent blast forms with large
nuclei and relatively litle cytoplasm,

prur It vt A0e LS

A resistance to Demecolein developed mn the fifth month,
manifested by a new mise n the leucocytes and blast forms,
with the simultancous appearance of a thrombocytopeme
purpura. Mercaptopurine (= Purinetol) was mstrtuted (Fig. 4),
resulting m a new rerusston. The patient died twelve months
after the onset of ns disease.

{¢) Chronic Iymphatic leukamia

On the basis of the amma! experiments, the man action of
Demecolein was expected to be ou the granulocytopoiesis
and not on the Iymphopotests.  This was confirmed 1 our
clinical trials in the treatment Pf lymphatic leukemia. The
drug should therefore not be used in such cases.
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The clinical results are shown in Fig. 5. The first patient,
a seventy-two-year-old male, had 2 diagnosis of typieal
ymphatic leukamia (old lymphoeytic cell type) combined
with lymphosarcoma, exhibiting extremely pathulqpcal cells
in the gland punctures, There was a good response in the
tr of the lymph coma, attended by o shght de-
crease in the lymphocytes, but he developed an agranulo-
eytosis of ten days’ duration, necessitating blood transfusions
and antibioties.

The second patient was a fifty-seven-year-old male, who
was admitted to the hospital i an extremely poor general
condition. Blood values were: 1-7 million erythrocytes with
89 per cent heemoglobin; leucocytes 190,000, with 96 per cent
Iymphocytes. Sternal puncture revealed infiltrated marrow.
After receiving only 65 mg. over a period of thirteen days, he
died in an acute lymphatic exacerbation with a terminal cell
rise to 400,000, He also developed a severe necrotic tonsillitis.

(d) Carcinomas and sarcomas

A total of 12 cases were treated. The daily dosage varied
from 3 to 7 mg. Side effects were granulocytopenia (three of
the 12 cases), with a drop of the granulocytes in one case to
890 (total: 870 leucocytes) {Fig. 6). No other toxic effects were
observed. Although nausea and emesis were present in three
cases prior to therapy none could be traced solely to the
Demecolein, As a control, a patient who tolerated Demecolein
well was given three doses of 1 mg. of ordmnary colchicine,
whereupon severe diarrhoea and nausea promptly appeared
on the thrrd day,

A definite therapeutic effect was not observed in any of
these cases, tlthough a more normal temperature and an
obvious mex‘ease of appetite oceurred in a case with wide-
spread hyp metastases to the lungs and bones.
There were also. slight recesstons in lymph node swelling in two
cases of lymphosarcoma, which may be interpreted s cyto-
static mhibition. However, since these changes have been
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noted spontaneously in this type of neoplasm, the actual
therapentic effect is difficult to evaluate.

Unfortunately, due to a lack of cases, the preparation has
not yet been tried in any cases of acute govt.
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bi ion of the Finding

‘The 1solation of Demecolen {Sautavy and Reschstein, 1950)
from the muxture of alkaloids present in Colehicum aqutumnale
provided for the first time a colchicine derivative retaining
its eytostatie setion with 30 fimes less voxcity, so that it
could be used for experimental and chnieal trials.

Qur antmal experiments showed a clear, aimost elective
mhibitory action on granulocytopoesss (see Fig. 1), Depres-
sion of erythro- and lymphlopotesis only oecurred with highes
doses. Although the mvestigations of patients with carcinoma
showed no definte effect on the chinteal course of the ear-
cmoma, or i the sarcoma cases, a shght to defimte decrease
m the granuloeytes was noticed. In one case, a defimte
agranvlocytosts developed, with a drop mn the granulacytes
from 7095 to a Jevel of 390, No other effects besides shight
alopecia in two eases were noted with the daily dosage of 3-7
mg. used in this series.
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On the basis of its almost elective action on the granulocytic
elements, a blocking action which is quickly reversible, the
next step obviously was to try it on myelogenous leukwmias,
as had been done previously by Landolt (1943-41) with col-
chicine, Although the number of treated cases is still small,
our observations have shown that there is no doubt about its
therapeutic effect. In all ten cases of chronic myelogenous
Jeuksemia cited, it was possible to bring the blood picture
almost to normal, at the same time achieving an improvement
1n the general well-being of the patients. A definite decrease
in the size of the spleen was also achieved, It should be ponted
out that the case which showed a transition into the acute
form (7400 myeloblasts in the peripheral blood and
prominence of myeloblasts in the node and splenic punctures)

d " 1 1

must also be id a sub Y
Meanwhile similar results in more than 80 cases of chronic
1 1 were obtained ind dently by

yelog i
Bock in Tubingen (personal communicatton).

The clear therapeutic success in chronic myeloid leukemia
made us consider using the drug also 1n a primary acute
subleukzme leukzma. This case, No 8 (Fig. 4), who was
treated with 5 mg. of Demecolein daily, was restored to a
good general condition and enabled to return to work Ile
was maintamed 1n this condition for a period of five months
The blood picture was partially normalized but the marrow
stll mamntaimed 48-57 per cent pathological myeloblasts
and promyelocytes. After five months, resistance to Deme-
colein developed, and Mercaptopunne gave & new remission
lasting four months; the patient died twelve months after
the onset of the disease.

Cauttous as one must be m the evaluation of therapeutic
successes with acute leukeemias, we believe the improvement
n case No. 8 can be regarded as a result of treatment with
the colchieine denvative. Further work 1s required to see if
1t will prove of value with other acute leukxmias Whether
any effect can be expected in the completely undifferentiated
leucoblastic forms is still a matter of conjecture., Its use mn a

Loy RES 10
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case of lymphosarcoma produced only equivocal results;
and in a case of Hodgkin’s disease as well as in two cases of
multiple myeloma, it produced no change at all. An attempt
to use Demecolcin in lymphatic leukemias showed that its
use here is strictly contra-indicated. In case No. 4, there was
an initial improvement, with increased well-being and 2 drop
in the number of lymphocytes (Fig. 5). However, subse-
quently the granulocyte count dropped even faster, so that
fora time an absolute granulocyte count of 74/mm.® existed.
Another patient admitted in an advanced state of subacute
lymphatic leukzemia suffered an acute exacerbation and died
under the Demecolcin therapy. The terminal Iymphocyte
count rose from 200,000 to 400,000 with the simultaneous
appearance of numerous lymphoblasts. It is difficult to say to
what extent the drug was responsible. Similar exacerbations
have occurred after X-ray irradiation of these diseases. Since
all these cyt ics 1 an imtial stimul eflect
prior to mhibiting the mitotic process, it is possible that that
15 what occurred here. On the basis of these observations, we
wish 1o emphasize once again that the use of Demecolcin is
strongly cont dicated in the ! of lymphatic leuk

Dosage

Dosage in chronic myelogenous leukamia: mntial oral
dose of 3x1 mg. daily, increased after three days to a
total of 7 or 8, and possibly 10 mg. per day, With repeated
leucocyte counts, this dosage 15 mamntained until the Jeuco-
cytes drop to 80,000, at which time the medication is stopped
for a period of three days. This 1s done because the leucocytes
continue to drop to low levels A maintenance dose of 14
mg. daily 15 established and periodic blood counts done, at
first at intervals of three days, but the time can be lengthened
to once a month. The individual mamntenance dose varies
from case to case. With cessation of therapy the lencocytes
rise quickly within six to eight days, which is quicker than
with arsemc or urethane, Resumption of the therapy shows
an effect after a Iatent period of about fourteen days. That is
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why continual therapy with small doses appears better than
intermittent use of the drug. In severe cases the intravenous
daily administration of 5 mg. is advised, which gives an
earher response.

Dosage in acute myelogenous leukemia: imtially 3 mg.
Demecolcin daily, with slow increase to 5 mg., combined with
blood transfusions and an antibwtic pmphylaxis of 600,000
1.u. of penicillin and 0+5 g.streptomycin intramuscularly daily.

Side effects. no subjective side effects were observed with
the dosages given here. Absence of the gastro-intestinal
symptoms usually seen with colchicmne 15 particularly empha-
sized As with other cytostaties {mtrogen mustard, TEM,
Myleran, arsenic ete.), there 1s an inhibition of spermato-
genesis (and probably ovulation) as shown at autopsy mn case
No. 2 and n the amimal experiments. Shght alopecia is
unimportant.

Summary

Demecolcin (CIBA Pp. 12 669 A), a new alkaloid 1solated by
Santavy and Reichstein (1930) from Colchicine antumnale
shows 1n ammal experiments a toxicity 30 times lower than
colchicine and a marked electiy e depressory effect on granulo-
cytes.

Clmical admimistration, based upon the favourable expert-
ences so far, shows that D lein ean well be
for prolonged oral therapy in chronic myelowd leukaemia The
good tolerance and the lack of toxic side effects with the
dosage used here may be stressed. Perhaps 1t will be possible
to influence in a palliative sense certamn acute myelowd leuke-
mmas, 1n a manner similar to the use of Aminopterin {one case
reported).

Unfortunately, Demecolein admimistered orally or mtra-
venously has not proved a definite therapeuhc suceess 1 the
therapy of other 1
Hodgkn’s, carcinoma and sarcoma) and csnnot be employed
1n high enough doses because of 1ts leucopenic effect. It may,
however, be helpful for 1mjection and external application m
the case of some skin tumours.
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case of lymphosarcoma produced only equivocal results;
and in a case of Hodgkin’s disease as well as in two cases of
multiple myeloma, it produced no change at all. An attempt
to use Demecolcin in lymphatic leukemias showed that its
use here is strictly contra-indicated. In case No. 4, there was
an initial improvement, with increased well-being and a drop
in the number of lymphocytes (Fig. 5). However, subse-
quently the granulocyte count dropped even faster, so that
for a time an absolute granulocyte count of 74/mm.® existed.
Another patient admitted in an advanced state of subscute
lymphatic leukzemia suffered an acute exacerbation and died
under the Demecolem therapy. The terminal Iymphocyte
count rose from 200,000 to 400,000 with the simultaneous
appearance of numerous Iymphoblasts. It is difficult to say to
what extent the drug was resy ble. Smular bations
have occurred after X-ray irradiation of these diseases. Since
all these cytostatics produce an initial stimulating effect
prior to inhibiting the mtotic process, 1t 1s possible that that
is what occurred here, On the basis of these observations, we
wish 1o emphasize once agmn thal the use of Demecolcin is
strongly contra-indicated 1n the treat, of lymphatic leukeemi

Dosage

Dosage n chronie myelogenous leukamia: intial oral
dose of 8x1 mg. daily, increased after three days to a
total of 7 or 8, and possibly 10 mg. per day. With repeated
leucocyte counts, this dosage 15 maintained until the leuco-
cytes drop to 30,000, at winch time the medication 1s stopped
for & period of three days. This is done beeause the leucocytes
continue to drop to low levels A maintenance dose of 1-4
mg. daily is established and periodic blood counts done, at
first at intervals of three days, but the time can be lengthened
to onee a month. The individual maintenance dose vares
from case to case. With cessation of therapy the leucocytes
sise quickly within six to eight days, which 1s quicker than
with assenic ot urethane. Resumption of the therapy shows

an effect after a latent period of about fourteen days. That1s



THE EFFECT OF 1:3-BIS (ETHYLENEIMINO
SULPHONYL) PROPANE IN ANIMAL TUMOURS
AND HUMAN LEUKZEMIA

EDITH PATERSON and P. B. RUNKLER

Tue : 8-bis (ethylenei Iphonyl) p
to which I shall rel'er as B.E.P,, was descnbed In 1951 by
Hendry, Homer, Rose and Wn]pole

| '3-bxs(¢thy1¢n¢|mino sulphonyl} propane

cH CHy
| “ONS0,CHaCHyCH,50,NE |
cH CHy

1694 (BEF)

Fic 1

This sulphonamede 1s one of a group of substances, examined
by these workers, which have two or more ethylenemne
residues in the molecule A common feature of such substances
15 the possession of marked anti-mitotic and growth inhubiting
activity. Further experimental work on ammals with ths
member of the group has been carried out by Dr. Walpole of
1C1, and he has allowed some of hus findings to be quoted

A smgle dose of 2—4 mg. per kg. given to rats on the day
after implantation of the Walker tumour resulted m almost
complete suppression of tumour growth for at least fourteen
days and this occurred whether the dose was given intra-
pentoneally or by mouth Visible chromosome damage was
present 1 90 per cent of the cells exammed at anaphase-
telophase and hone marrow damage was found.

281
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extent in the epithelium of kidney and thyroid gland where
colloid was scanty, Another dog was treated similarly until
death occurred. At post-mortem hemorrhages were found in
the lungs, lymph nodes and gut wall. Microscopically there
was clear evidence of damage to the lymph nodes and to the
epithelium of kidney and gut.

In the rat the response of the blood is similar to that of the
dog, in that neutrophils are depressed while red cells are little
changed.

Polymorphs
- Lyr’;phocy(ts‘

WBCx 103

Ttme in days

Fio0 8 (Same dog as in Fig 2) Eftect of BE P, on poly-
‘morphs and lymphocytes

The compound has also been tested 1n myeloblastic chloro-
leukemia m the rat. Fig 4 shows clearly the effect on the
primitive cells. This rat with a myelocyte count of over
180,000/mm 2 would have died 1n a few days A dose of 15-5
mg {kg. given over twenty-two days clearly lengthened the
Iife of the rat and indeed 1t 1s probable that 1t would have
hved longer but for the heavy dosage which was given at the
end After the first dose a dramatic fall occurred 1n the cells
of the granular semes, particularly i the myelocytes, the
tymphoceytes fell, but only to their normal range.
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The effects on the normal blood eount were studied in dogs.
Fig. 2 shows some of the effects of B.E.P, given orally to a
dog over a total! period of five months. The doses shown here
include the preliminary sighting doses, Later, doses of 8 mg.
at intervals of two to three days were given for a month, and
later still doses of 2 mg. vwere given daily for five weeks. The
red ceils were hardly affected but the lencocyte count fell

2 ——— WBC
-~ REC
+ 8
8 16}
P PO
R H
79 hd“m"a'\ma °
6 12
51 o]
4 B 88
3 63
2 4 48
1. .5
YL L L, B
g v . .
gg Time wn davs

Fic 2 Eftect of BE P on peripheral blood in 5 dog

with each single dose and maintaimred a lower level dunng
treatment. In Fig 31s shown the effect on neutrophils com-
pared with lymphocytes in the same dog. In spite of the
many {luetuations m the neutrophil count 1t 1s apparent that
these cells are elearly suppressed while those of the lymphocyte
series are less affected. This dog was autopsied two months
after the last dose and at this trme the neutropin} count had
secovered, but the lymphocyte count was about half pre-
treatment value. At post-mortem the organs were n'omm)
nacroscopically but microscopie damage was present in the

spleen, the lymph nodes and in the testis, and to a lesser
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In only onc of these non-leukemic patients did any im-
provement in their disease occur. This one example of doubtful
benefit was in a case of Hodgkin's disease.

Effects in Leukwmia

We have treated eighteen cases of lenkzemia with BE.P,
Two of them were acute, and no improvement was obtained
in these acute cases.

Beneficial effects were seen, particularly in the group of
chronie myeloid leukzmias. Most of the cases chosen were
advanced and most had been treated prevmusly over lcng
periods by more than one hod; su h
X-rays to the spleen, 3*P and tnethylenemelamme

Dosage in myeloid and lymphoid leukemia

The method of administration of B.E.P. was to
give a dose of © 5-2-0 mg./kg. spread over three days and

P d at appr ly monthly intervals or as required.
A maxmmum of eleven such courses have been given with
apparent safety. This constituted our maintenance method,
In the same cases and 1n others an alternative method has been
used whereby doses were given m small daily amounts over
periods lasting for ten to forty days. For the longest period
the daily dose was 0-08 mg./kg.; for shorter periods of thirty
days or less the daily dose was about 0 15 mg./kg. On the
whole this 15 a less safe method of adnumstration, as over-
dosage is more likely to occur.

Myeloid leuksemia

The chief application of the drug appears to be in myeloid
leukeemia The cntena of benefit should include an improve-
ment m well-being, which is usually accompamed by a rise
m hemoglobin, and a duminution of an excessively high white
count, especially 1 the number and proportion of 1mmature
cells  Some reduction 1n the size of the spleen is also to be
expected.
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Effects on Non-leukzemic Blood Count in Man
The effects on the non-leukemic human subject were
examined in ten cases. These patients could not be classed
as having a normal hematopoietic system as they were either
cases of metastasizing solid tumours or advanced reticuloses
other than leukemia.
With very low sighting doses about 1/5 of the therapeutic

o Mytlacytes
—
LamadyihitiisN

g% Time in  doys

Fi0. 4. Effect of B.E.P in myeloblastic chloroleukemia in the
sat Granulocytes not shown.

dose Yevel a shght rise i lymphoeytes took place. No change
was observed in the hezmoglobm or platelets.

The ultimate dose tested was of the arder of 1-0 mg./kg.
This was given by mouth over three days. With this dose the
neutrophil count fell to about half. The response of the
lymphocytes was nconstant, the lymphocytes rose in some,
fell in others or remained unchanged. In five cases a decrease
in hamoglobin oceurred; this recovered in three to eight
weeks., One patient with generalized myelomatosis whose
heemaglobin fell 20 per cent was transfused. Platelets were
unchanged in all but two patients 1 whom a reduction

ocenrred.
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The duration of benefit is of importance, and this is less
casy to assess. Twelve cases of myeloid leukzemia have been
treated; six of these had benefit lasting six months or more.
One other is well at threc months but is continuing in re-
mission.

Fig. 5 shows a satisfactory response in one of the cases.
The reduction in the total white count and in the immature
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Fio. 5. Response to B.E.P. i a patwens, with chronte myelod
leukaemis

cells was P 1 by a rise in h: alobin. This patient

was recently given smail daily doses of B.E.P. and has suffered
a severe fall of platelets but without showing petechial
hemorrhages. This sequel constitutes an argument agamnst
continuous daily dosing.

Responding patients showed an improvement inA well-
being and this was associated with a rise 1n hemoglobin, In
the terminal cases the 1 fobin continned to fall slowly.
The total white count was reduced in all 12 patients. The
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number of primitive cells and their ratio was reduced in ten
cases; two cases, both terminal, showed no reduction in
primitive cells, A reduction in the size of the spleen occurred
in all but two of the cases, An example of this reduction is
shown in Figs. ¢ snd 7, showing the spleen at the time of
treatment and cleven months thereafter.

The effect on the lymphocytes was variable; changes
aither upwards or dossnwards were temporary and did not
seem to be important. Platelet counts remamed within normal
fimuts m the majority of patients. Two patients had an
excessively high platelet count on admission; in one of these
the count fell to the normal range, in the other it remained
high. Thrombopenia oecurred in the one patient referred to
previously,

Two children with chrome myelowd leukemia were included
m this group It has been our experience that cluldren with
chronse Jeukmnna are sather refractory to treatment, espeeially
to systeme treatment. One of these chuldren showed a poor
response to an smtial course of B.EX. (1-0 mg./kg ). For
this reason splemue wradiation was given and a satisfactory
but short remussion followed. When the child's haemoglobin
level began to fall again, and the white blood count rose, he
was re-treated with BE P, on a daily basis at an average
daily dose of 0 18 mg./kg , which 1s somewhat ligher than has
been used for adult patients. A good renussion followed and
the cluld continues welk three months dater, A second child
who had responded poorly to radioactive phosphorus and to
splemc wradiation alse showed httle benefit from BE P

Four other cases derived no worth-while benefit from B E.P.
Three of these patients werc clearly m their termanal phase;
the fourth was n fairly good condstion but had ceased to
respand to spleme irradietion ot to 2P This patient did not
mprove with B.EP, treatment and showed no response to
o later vourse of X-rachation,

Some of our patients have been subsequently treated with
either Nozays to the spleen or Myleran for companson of
effects  Of four myelord eases later treated with Xorays only
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Lymphoid leukzmia

Six cases of lymphoid leuksemia were treated, four of them
chronie,

The result was disappowntng, in that only one case of
chronic leukeemua had any real improvement. This patient
has remained benefited for a perfod of over forty weeks. In
the three other cases no improvement occurred by any
criterion whatever.

Of the remaining two cases, an acute lymphoid leukemia
did not show any real improvement that could not be
accounted for by a transfusion which was given at the same
time, a subsequent course of B.E.P. without transfusion had
no beneficial effect, The i case was an atypical
Jeukemia which did not improve with B.E.P. but which had
considerable lasting benefit from the admunistration of
triethylenemelamine,

Side Effects

The side effects of B.E P. mnclude occasional nausea and
loss of appetite. This is rarely present in the intermuttent
method of dosing at 1 0 mg./kg. which covers three days. It
may occur with doses of 1-5 or 2 0 mg /kg. Three of our
patients have complained of stickiness of the eyes one or two
months after starting treatment. This has resolved spon-
taneously. Two patients have had feehngs of tingling or
burning 1n the fingers about one month after commencing
treatment. This, too, has been transient.

Semmary

The foregoing work demonstrates the effect of a sulphon-
amude 1 controling chronic leukzmia, Tt 15 clear that the
benefits of B.E.P. are imited to cases of myeloid leukema.
In this respect 1t resembles Myleran and differs from tn-
ethyl 1 which can be employed usefully m either
the lymphoid or myeloid types.

The close simlarity between the effects of B.E.P. m animals
and man 1s of mterest
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- oneshowed a somewhat better response to this later treatment.
Three were treated with Myleran; the response in these cases
was about the same as to B.E.P.

Fig. 8 shows the career of one of these patients, Starting
with 2P he had two very satisfactory remissi Nowed by a
third which was only partial. X-radiation to the spleen
effected one very good remission. When the white count
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Fi¢ 8. Chromec myelod leukmmia treated with I, splente
irradration, BLE P. and Myleran over a period of over four years.

began to chmb and the hemoglobin to fall he was treated
with BE P. by an mternittent maintenance method. The
hsemoglobin rose, the spleen decreased 1n size and the wiite
blood count responded imtermuttently. However he had
pausea, so the treatment sas changed to Myleran at doses
varymng between 4 and 10 mg. per day.

At ficst the patient did not Jike Myleran, he felt (‘lrowsy,
the spleen enlarged somewhat and lus hmemoglobin was

unsteady. Now he s very pleased indeed. s hamoglobin
has risen and he fecls well.
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while, It is very difficult to shield the kidney and treat the spleen
adequately, but I still think that would be one's treatment of choice in
the new ease. -

MoEescrLIN: Ths 15 not an answer to Dr, Jacobson’s question, but 1t
might interest some of you here: for the new cytostatie drugs we don't
know, but we have some ds';a' on arsenic (which I stdl Shlnk ls, a very

with arsenic (Fowler's solution), they have an average hfe-time of four-
and-a-half years Now thus is naturally withun the it of error. But
perhaps some of these drugs, because they act more selectively on
granulocytopotesis, might bring a prolongation of Iife for chronic
myelord leukeerma.

thing else.
Jacossov: and socially 1t's very difficult for
a patient fo be treated with X-rays, and I would like to kriow when T'm

. ' .

gives about equally good results But I meant rather thst when one 13

trymg any of the newer therapeutic chemical agents, then one should

not in the first place use them on fresh cases of myeloid leukwemua with

s (a.\tﬂy £00d prognosis, but the more conservative methods of treat-
ent.

Tsrazes: T should have thought that the more specific the reaction
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DISCUSSION
Wrrrs. Tt is striking that we have this rather sharp distinction be-
tween the remedies which are effective in acute leukemia, which seem
to be mamly nutnitional antagonists, and this group of remedies i
chronic leukeemias, whose method of action Prof. Haddow has discussed.
z: There 15 one that does have a m‘tle carry-over
i . PE it e

studied ‘as long as these other compounds. It has no effect on chronie
Iymphocytic leukemia at all,

Moescuuin. I was very much interested in the preparati Dr;
- LN, D wad el mte ¢ Rpare -

'
Walker tumour in p and telophase twenty-four hours after they
had been treated with BE.P. T this 1s an ion of
damage that probably occurred at the resting stage or 1n some phase of
the resting nucleus

PATERSON. Yes, one must assume that it happens at the resting phase
unless 1t happened 1n the previous prophase and carried on to the
following mutosts

Warwick. The

s af; raises an ing point
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Happow. I think one difficulty is the measurement of chnical im-
provement, especially in such a short time. There is no question that
m various anumal ion of survival can
be obtained, and in many ways that {s a better measure than any
other,

aox ges
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improve the distant bone marrow? There might be much more in-
teresting results than one of our agents which we know has a generalized
distribution, .

Wrirrs: The trouble about Xerays is that s0 often it is a spht therapy,
where the responsibility for the patient is divided between two people.
I think physicians are often biassed towards the drug because they obtain
a closer observation. I believe the ideal way is to have a joint chaic,
as we have in Oxford, which both the radiotherapist and the hzma-
tologst attend.

DusTin: When we have cases of myeloid leukamia with high leucocyte
counts; usually treat them with X-rays and urethane at the same

- e PO (A A

. s,

therapist. T
Wirrs: Anather thing s that as a result of the introduction of radio-
active 15otopes the radioth are b ing more i I

rmunded, and are much more co-operative than they used to be.
Warwick: In our expenence there is no method of imtial treatment of
the disease which 1s so consistent as wradtion of the spleen. In the

solely.
1srakrs: All the figures seem to show that whatever you do with

myeloid leukemia today, the average length of survival i the same
(although, of course, you have a certan number of people who survive @
very short tume and & certan number who survive miuch langer than

you expect). y
Bugcnenat. I suspect that xt_mukes very l:}tlg difference what
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may leukemic growth be arrested irreversibly by any chemical
acting on mitosis?

New Anti-leukemic Mitotic Poisons

It is indeed a remarkable fact that most substances tested
1n recent years on amumal or human leukama, and used in
therapeutics, are mitotie poisons. Their chemteal structures
are widely diverse, and their action on cell division appears
to be the only experimental link between them. The evidence
for this anti-mitotic action will be briefly summarized. The
drugs belong mainly to the group of “‘chromosomic™ poisons;
these may be classified as antimetabohtes and antivitamins,
alkylating sgents, and hormones,

Antimetabolites and antivi: The
which antagomze folic acid—or, more exactly, the active form
of this vitamun, the citrovorum factor—and have proved to be
of some use in the treatment of human or experimental
leuk®mias, are all derivatives of 4-ammo-pteroylglutamic acid
The substitution of an hydroxy- group by an amno- group 1n
posttion 4 apparently prevents the aitrovorum factor from
acting as a one-carbon donor, one of 1ts main physiological
functions  Folic acid deficiency, erther nutritional or the
consequence of antimetabolite action, results m cellular
destruction 1 bone marrow and intestinal mucosa (Phihps
and Thiersch, 1949). The epithehal cells of the intestinal
erypts of the mouse provide an excellent material for the
expenimental study of mitosts  After injections of several
antifolic drugs (Ammopterm, Amethopterin, Anmno-terop-
term, A pterin, Adenopterin), the foll g changes have
been described n lhese cells (Dustin, 19305): mitotic arrest
(preprophaste inhibition), pyxnonecrotic nuclear destruction,
nuclear swelling, and later, resumed mtotic activity with

mitoses  d 1, 1 breakage.

Such changes parallel closely those observed mn the same tissue
followmg irradiation, and, from this pont of view at least,
the antifohic drugs are “rad * or *chr ”
mutotie poisons.




THE GROWTH-INHIBITING ACTION OF MITOTIC
POISONS IN EXPERIMENTAL AND
HUMAN LEUKZEMIAS

P. DUSTIN, Jr.

Mosr substances which have proved of some utihity in the
cherotherapy of mahgnant growth are mitotic porsons, i.e.
substances particularly toxie for dividing cells. This was
discussed by the author at the 1947 Cancer Congress, where
reference was specially made to the following drugs: nitrogen-
mustards, acridine dervatives, carbamates. quinones,
arsenical denvatives, colchicine, bacterial polysaccharides
and heavy metals (Dustm, 1949). Hormones were not
discussed, for too httle was known of their action on the
cellular divisions of mahgnant growths.

In the last five years, many other chemotherapeutic drugs
have been discovered (Skipper, 1953). The most :mportant
have proved useful in the treatmentofsomeforms of leukzemia.
Most of these chemicals appear to be endowed with some type
of toxiaity towards dividing cells, which they alter either
before prophase by disturbing the formation of new chromo-
somes (chromosomic or “radiomimetic” drugs), or at meta-
phase by destroying the spindle (spindle poisons).

In 1947, 1t was pomted out that the growth-inhibiting
properties of such substances could be explained either by therr
action on mitosts alone, or by some action “beyond mitoswis”
on a fund tal L 1 h of the malgnant
cells or of the hypothetical agent of malignaney The purpose
of the present paper 15 to examine anew these hypotheses,
after giving & summary of what is known about the mitotic-
poisoning action of the chematherapeutic agents studied
since 1947. It 15 hoped that tlus may clanfy the present
problems, and provide s tentative answer to the gnestion:

244
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against some malignant grow ths and some types of lymphoid
leukemia in mice (Law, 1850), induces considerable nuclear
changes and intibits the growth of some tumours (Woodside
et al,, 1953) However, the doses which are effective against
neoplastic grow th do not affect the normal mitoses, as demon-
strated by the colchicine method (Woodside ¢t al, 1953).
The nuclear abnormalities observed in sensitive tumours
suggest that the action is mainly a “‘chromosomic” one, which
is not surprising considering the results obtamed with
diaminopurine.

Another antimetabolite wlich may be mentioned here is
desoxypyndoxine, an antagomst of pyridoxine capable of
inducing 1n the rat signs of speaific vitamin defictency This
substance has been reported to mhibit the growth of lympho-
sarcomas {Stoerk, 1950), but 1its action on mitosis does not
appear to have been analysed

Alkylating agents. These cytotoxicdrugs belong toseveral
dufferent chemieal groups, but have 1n common the property
of combining very readily at low temperature with many
mmportant body constituents, in particular with the nucleic
acuds (Ross, 1958) The best known is mitrogen mustard
(chloroethylamine). This was demonstrated many years ago
to be a typical radiomimetic mitotic poson (Dustin, 1949,
1951a). Itis the most “radiomimetic” of all the drugs of this
type, being at the same time a mitotic poison for all types of
mitoses, a mut; and a g Other ch Is may
be “radiomimetic” for one or some types of tissues only, e g
the antsfolies, which arrest mmtoses in intestine and bone
marrow while not affecting the lymphoid tissues. One of the
most widely used of the “new” alkylating agents 15 TEM
(tnethylenemelamme) 1its cytological action 1s sumlar t&That
of the chlorethyl a fact which b clear when 1t
1s recalled that these are rapidly hydrolysed in the body, with
formation of the reactive imomum 10, whaich has an ethylene-
immne structure,

The most interesting of the alkylating agents, because 1t has
rapidly gained a wide use 1n the treatment of human leukzmia
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The antimetabolite, diaminopurine, which is a guanine and
(or) an adenine antagonist, induces exactly the same changes
in this tissue (Dustin, 19500) (cf, Philips and Thiersch, 1949).
Biesele et al, (1952) have recently confirmed its chromosome-
breaking properties. Although this substance has only been
of limited use in therapeuties,® in a leukaemic strain of mice
Burchenal ef al. (1949) have obtained a prolongation of life
as great as after folic acid antagonists, The figures are.
survival time of controls after grafting, 19-5 days; methyl-
bis-g-chloroethylamine: 248 days; diaminopurine: 319 days;
Amethopterin: 32-6 days.

Both the antifolic drugs and this purine antagonist induce
strong d tve ck in the b row, eventually
leading to aplasia. While the relation of these changes to
mitatic inhibition 15 more difficult to analyse than in the
intestine, all the experimental data suggest that mitotic
inhibition of the “radiomimetic” type plays the greatest part.
In such actron mature non-dividing cells are not affected by
the poson, a fact which 1s confirmed by all work on Jeukamie
leucocytes.

It should be mentioned that some authors, for instance
Jacobson and Webb (1952), consider Ammopterin a spindle
poison, for in tissue cultures of fibroblasts they observed a
typieal metaphase intubrtion of mitosrs. However, the con-
centrations of Aminoptern (1 : 2000) are far greater than those
which are effective in leukzrma, and in mice it has not been
possible to observe any evidence of metaphasic arrest or
spindle-changes in amimals injected with 1 mg. {450 mg./kg.)
and observed during the first sixty minutes after the injection.
The only change was a decrease m the number of muitoses,

with no dification of the metaph ph ratio (P.
Dustin, unpublished)
One of the most re kable ant bohtes 15 &

{guanazolo}. This antagomst of guamne, which 1s effective

eAnother putine antagonist, 8-mercaptopunne, has been ‘eroﬂtd to be
elrecAuve in hgman leukxnua etal, 1953). No cytologics! date are
et avattable.
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of lethal doses of Aminoptenn, for instance, that nuclear
destruction is observed in the thymus and lymph glands,
and this is probably only a secondary and non-specific
consequence of a general toxic action,

It is evident that 1f adrenal sterowds are mtotie inhibitors,
any adrenal stimulation will affect mitosis, and that ACTH,
and all actions stimulating the release of ACTH, will indirectly
allect mitosis. These facts suggest an explanation of the “choc
caryoclasique” studied by A. P. Dustin since 1925, and of the
antileukemic actions of these hormones.

Spindle poisons. These drugs mterfere with cell-growth
by preventing the spindle from pulling the chromosomes apart
at anaphase. From the extensive researches on colehicine 1t
appears that the principal effect 1s a progressive loss of the
fibrous and polarized structure of the spindle, which changes
into an amorphous mass, which has been called either
“pseudo-spindle” or “hyaline globule” (Gaulden and Carlson,
1951). Chromosomes are only affected when the cells undergo
destruction after therr imtoses have been arrested for many
hours at metaphase

The effects of colel need not be dered here, methyl
colchicine, which has been discussed by Prof. Moeschlin,
has a similar spindle effect but its toxieity 1s lower (P. Dustin,
unpublished). While many substances are known to affect
similarly the spindle 1n plant cells, the number of spindle
poisons m animals 1s quite hmited, and several have only been
tested n t: lturework Podophyllotoxin, which has been
used i human therapeuties against skin papillomas, has been
shown to slow the growth of amimal leukemias (Waterman,

1950). Its action on cell-division 1s simular to that of
colchieine,

On the other hand, mention should be made of the oldest
of all anti-leukaemic drugs, sodium arsenite: this, and several
arsemeal derivatives, such as dlmethy]~-’u'51nate (cacodylate),
are typical spindle-p d d 1n mece by Piton
1n 1929, and by Limarzr’s observatmns (1943) of bone-marrow
11 pernicious anamia
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is dimethane-sulphonoxy-butane (“Myleran”). Tius is also
an alkylating agent, but no detailed information has yet been
published about its action on mitosis, The fact that it
mhibits the growth of cells of the myeloid senes both in the
rat and in man js indirect evidence of some action on mitosis.
This substance, being mainly soluble in Jimds and very slightly
in water, acts more slowly than water-soluble substances hke
TEM.

Hormones. Many hormones promote mitosis, e.g. the
gonadotrophins, prolactin, the thyrotrophic fraction of the
anterior pituitary, cestrogens and testosterone. While this
action is mainly visible in one or two speaific receptors,
Bullough (1946} has demonstrated that cestrogens stimulate
cell-drviston in many uissues. The existence of hormonal
antagomsms suggests that a depression of mitoses may be
observed, for instance in genital tissues, after mjection of the
sterods belonging to the other sex. It has long been known
that the “karyoclasic” destruction of the cortical cells of the
thymus 15 identical with that brought about by the direct
action of radiation, or toxic substances {eg. colchicine,
Leblond and Segal, 1988) injected directly into the gland.
When 1t was demonstrated that the thynuc changes of the
“alarm reaction” were the consequence of adrenal stimulation
(Selye, 1946), 1t could be suggested that cortisone and (or)
other steroids were the “endogenous mitotie poisons” the
exstence of which had been suggested 1n 1946 (Dustin).

The careful analysis of nntotie rate i eprdermus by Buliough
(1952) has provided clear evidence that cortisone and probably
other closely related steroids are capable of decreasing the
numbers of new mitoses, and thus have an action comparable
to that of the weak chromosomic mutotic porsons. In recent

some cells and tissues 1s paralieled by that of the antifohe
the main targets of which are the intestinal mucosa and

drugs,
o (Dustin, 1951a, b). It1s only sfter injections

the bone-marrow
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{hemocytoblastic) leukeemia. Cultivation of the bone-marrow
in vitro in the presence of colchicine enabled these authors
to rule out the possibility that the low mutotic index may be
the consequence of abnormally rapid mitoses of the malignant
cells. TIn fact, the growth of hmmocytoblasts jn leukemia
does not appear to be quantitatively more important than
that of normal bone-marrow, and may even be less, a fact
which agrees with many observations of bone-marrow aplasia
linked with an incipient leukerma. The absence of cellular
maturation 1s the mamn reason why the abnormal cells pile
up in the bone-marrow and the hemoporetic organs, and even-
tually invade the blood-stream.

Tlns point should be kept in mind, and apples to any type
of growth, as L d by Kidd mn 1946: the
principal characteristic of malignant cells 1s not their rate of
growth, but their abnormal or incomplete maturation and
differentiation, Leukéemas, alone of malignant tumours, have
the property of cont: hedd the newly-formed
cells into the blood-stream, where they only survive a rela-
tively short time This fact makes clear at once why myelod
leukzemias, with short-hved differentiated cells, are the most
amenable to any type of therapy influeneing cellular multi-
plication  Crypto-leukzemmas and the closely related sarcomas,
the cells of which do not move nto the blood, are much less
mfluenced by therapy, unless this destroys the cells locally
(e g. radiation)

Another pomnt related to mitotic growth n the bone-
marrow should be mentioned. It s a commonplace observa-
tion that any treatment of leukamic growth will improve the
numbers of red blood cells Before discussing whether this
means that erythroblastic mitoses are more resistant than
leucoey trc ones, which seems a logical conclusion, an important
observation must be made. It appears clear, as mentioned
above, that DNA synthesis and leucocytc mitosis ge hand n
hand, and that a plete set of chr 15
at each division (or, moare correctly, before each dlvmon)
It 15 not so evident that the same holds true for erythroblasts,
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Mitotic Growth in Leukzemia

Most chemotherapeutic drugs which have proved of some
use in malignant disease in man have been found effective
against leukemia, This is evidently not only because leuke-
mia, with the possibility of quantitative assessment of growth,
is better fitted for testing new drugs. It is more probably
the consequence of the conditions of growth of the leukmmic
cells; and before discussing the relations between mitotic
porsons and Jeukemua, some aspeets of the growth of malignant
white blood cells should be considered.

Quantitative data about the mitotic growth and life-span
of mahgnant lencocytes are scarce, but it must be kept in
mind that there 1s no strong evidence that growth of malignant
eells 1 much faster than that of normal leucocytes, Because
of the short duration of the Iife of the granulocytes, which does
not exceed a few days, the “turn-over’ of these cells is very
rapd. In man, about three-quarters of the bone-marrow is
active m replacing the leucocytes, which from a quantitative
pomt of view are ouly a munor constituent of blood. In
chronie myelord leuhzenua, a similar evolution of winte cells
takes place. Osgood ¢t al. (1952) caleulated the hfe-span of
leucocytes m various types of leukemia fram a study of the
deoxyribonucleic acid (DNA) meorporation in the newly-
formed cells {DNA synthests takes place in close relation to
mutosts, and provides a rather rehable index of mitotic
growth), They found that m chronic myelod leukemia and

bacute monocytic leuk the survival time of the newly-
formed Jeucocytes was three days, that 1s to say about normal
In chronie lymphatic leukzzrua, on the contrary, the ahnormal
cells hved as long as onc bundred days, a fact which may
explun the resistance of this type towards chemotherapy.
In “acute” leub of the Iymphed type, hife-span of the
abnormal cells was less than three days.

This point deserves some comment, for Astaldr and Maun
(1953) have qute recently pomted out the low mutotic indexes
observed in the bonc-marrow of patients with stem-cclt
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man. Even if they act by depressing the mitoses of the
immature cells, they do so because these are only possible
when Iugh concentrations of folic acid (probably converted
to citrovorum factor) are present.

The antimetabolites interfering with purme metabolism
may act similarly. It 1s well known that purine molecules
are utilized 1n the synthesis of nucleic acids, and that cellular
requirements differ considerably in this respeet. Malignant
cells which are unable to synthesize adenine and {or) guanine
will be infl d by sul such as d purine or
6-mercaptopurine. Even 1f 1t 1s demonstrated that the result
of this therapy 1s a change in the mutotic rate of the cells, this
1s evidently only a consequence of thewr particular nutri-
tional requirements. Azaguamne (“guanazolo”) 1s the most
interesting of such drugs, not so much from a practical point
of view, but because of the resistance of normal mitoses to 1ts
action (Woodside et al., 1953), So far, this 1s the only chemo-
therapeutic drug effective against some forms of acute lym-
phoid leukemas 1n mice which affects neither intestinal nor
lymphoid mitoses. Law (1930) found that the leukemie cells
require a more abundant supply of guamne. Resistant cells
have been demonstrated to be able to detoxify azaguamne to
8-azaxanthine by deamumnation (Gellhorn, 1953). Here again,
if mitotic changes were observed 1n these cells, they would
only be the consequence of a particular metabolism, 1e.
absence of azagnamne deamination.

Another imstance which certainly deserves further study
1s the action of benzene m human myeloid leukzema  Braser
(1953) claims that, 1n the favourable cases, the results are as
good as those obtained by radiotherapy, and that the general
toxicity can be lled by the ad on of methyl
group donors * b b T -
mtosis
which 1s on¢ . RS
powerful mitotsc porson (Dustin, 19502, Parmentuer, 1952).

In the literature on the chemotherapy of experimental
leukzemuas, many data are to be found which pomt towards a
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especially during the divisions of the most mature ones.
Microphotometric measurements by Marmone (1951) and
Korson (1951) indicate a progressive decrease of the DNA
in erythroblastic nuclei. While it is evident that mitosis in
the youngest cells of the erythroblastic series must involve
a complete duplication of all cellular structures, including the
chromosomes, 1t is not so clear whether this is necessary in
the later stages, when the nuclej are reaching the time when
they will completely disappcar. Mitosis without DNA
synthesis may be possible, the chromosomes being simply
segregated info two genetically unequal groups. This remains
to be proved, but as it has been shown that most mitotic
potsons disturb mainly the synthesis of DNA (Dustin, 1952),
such mtoses without synthests would naturally be much more
resistant,*

Chemotherapeutic Effects Unrelated

to Mitotic Poisoning
While most anti-leukeme substances bave been proved to
interfere with mitosis, this has only been observed, for most of
them, under experimental conditions, and often with fairly
large doses. Some evidence which cannot be neglected points
towards other types of action, related to particular metabolie
requrements of malignant leucocytes, On the other hand,
there are many facts which mndicate some specific action of
drugs towards particular types of cells, which are difficult

to understand if mitosts alone were affected
The observations of Swenseid, Bethell and Bird (1951) that
human leucoeytes contamn mare fohe acid in leukzmia, and
that this increases when the cells are less dilferentiated, appear
to explain the action of antifolic drugs. These substances have
never been proved to be of any use in chronie myeloid leuke-
mia and may be harmful m chronic Iymphord leukzrma n
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biologieal differences exist between the two main types of
Lone-marrow cells. One important, if indircet, proof of this
is the extreme rarity of true malignant growth of the red
blood cells in mammals (malignant erythroblastosis, Di
Guglelmo’s disease),

The Relation of Chemotherapeutic Action to Mitotic
Inhibition

Although there are many facts which demonstrate different
types of action of the various anti-leukemic drugs, there
remains strong evidence that their action 1s mainly related to
the mitotic-inhibuting properties described mn the first part of
this paper.

The most stnking fact 1s that substances of very dufferent
chemical constitution, acting on cell-division erther by dis-
turbing the formation of new chromosomes or by preventing
the normal function of the spindle, have stmilar anti-leukeme
effects. Between podophyllotoxin and cortisone, for instance,
there is only one property in common both decrease the
numbers of cell divisions, although by considerably different
mechamsms,

That chemotherapeutic agents do depress mitotic activity m
leukmmua 15, however, more than a speculation based on
indirect experimental evidenece In cases of human acute
leukzma treated by antifohic substances, the numbers of
dividing hemocytoblasts are observed to decrease {personal
observations). Moeschlin (1948) demonstrated that urethane
{ethylcarbamate) also decreased the number of mitotic cells
n human Jeukamas. Cramer (1952), studying the action of
cortisone 1n lymphoid leukamuas of children, reaches the same
conclusion, that there 15 a “selective mhibition of mitosis
of the leuksemuc cells . . . durmng the first days of the treat-
ment ” This appears to him to be “the only criterion for the
reactivity to cortisone »

While the existence of some degree of “specificity” 15
exemphfied by the action of cortisone on lymphocytes, of
antifolie subst m acute leuk of “Myleran” n
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“specific” action of some poisons on some types of leukamis,
or a “specific” sensitivity of some strains of leukzmic cells,
The basis of such “specificity” is not known, and will not be
discussed here. Some of the most salient facts will be quoted,
and should serve as a basis for further discussion.

In acute leukeemias, it is well known that resistance to
antifolic drugs and to cortisone may develop during the
treatment: the fact that cells resistant to one drug remain
sensitive to the other points to a more complex action than a
simple inhibition of mitosis (Bernard and Mathé, 1953},
Kirschbaum ¢ al. (1950) have studied several types of
leukemias in the F stramn of mice. In four lines of myeloid
leukzerma, Aminopterin and Amethopterin were less effective
than potassium srsenite and ethylearbamate. The opposite
was true in certain other lines of transplanted lymphoid
leul In & line of myeloid leukemia in mice, Engstrom
ef al. {1947) obtaned positive results with ethylearbamate,
while benzene, Fowler's solution and colehicine were without
effect. Law obtamned a *‘defimte, regular and reproducible
mtubition” of two transplantable acnte lymphoid leuk:
in mice with azaguanme. This substance had no action on a
transplantable lympk coma, and other authors, using
different strains of leukeema cells, have found no inhibrtion of
growth. Fouwl leukosis was favourably mifluenced by large
doses of antifolic drugs, while nitrogen mustard and ethyl-
carbamate were without action (Bessis et al., 1951). The same
“specifierty” applies to hormones like cortisone. In a series
of expermments, Sugtura ¢f al, (1950) inlubited the growth of
one type of sarcoma wm the rat (R 39) while sarcoma 180 was
unaffected.

The apparent resistance of the erythroblastic cells may also
be expluned m stmlar terms of “specific” action (Kindred,
1947). The less specific of the mitotic powons, for mstance
the mustards and ethylenemmines, are the most harmful for
thropoiesis, contrary 1o cortisone and the antifolies. While
linked with the particular type of DNA meta-
1t 1s evident that many other

ery
this may be
bolism of the erythroblasts,
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appears to be a simple gonism of the metabolism of
adenine, guanine and also hypoxanthine, Morgan (1952)
has extensively studied factors inhibiting the growth of
psittacosts virus, and found that antifolic substances, diamino-
purine and azaguanine had an niubiting action. Jacobson,
et al. (1952) found 2 : 6-diarmnopurnine to have a destructive
cffect on the kappa factor in Paramecium. This factor is
closely related to viruses. On the other hand, though the
growth of the Rous sarcoma 1n chicks may be mhibited by
folic acid deficiency (Woll et al., 1951), Ringsted (1952) reached
the conclusion that it was only the mcubation period which
was affected by aminoptenn, and that the rate of growth of
the tumour was not modified. Esidently no conclusions can
yet be reached, since this problem 1s closely linked with the
complex and difficult one of antiviral therapy

One fundamental aspect of the treatment of leukzmia has
been left out of the picture 1n thus paper: that of cellular
differentiation. The reason 1s that in our opinion no experi-
mental evidence, and no observations 1n patients, prove that
chemotherapy may improve the abnormal differentiation
which 1s the cause of malignancy When, m the course of
chemotherapy, more mature lencocytes are seen to replace
the immature ones m the bone-marrow and 1n the blood, or
an erythroblastic proliferation that of malignant hemo-
cytoblasts, the explanation 1s that several Imes of cells persist
Any more or less specific depression of the growth of the
abnormal ones will favour the multiplication of the remaining
normal leucocytes and erythroblasts

It will be objected that m chronic myeloid leukzmia,
cellular 1ation appears to imy under the effect of
therapy, whether by X-rays or chemicals, This may also be
explained by the co-existence of normal and neoplastic cells,
and no proof of a direct effect on differentiation appears to
have been given so far. It 15 our belief that future research,
without neglecting the study of more speaific antimetabolites
and the problems of virus chemotherapy, should aim at a
better explanation of one of the most fundamental problems
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chronic myeloid leukemias, and by the existence of resistant
strains of leukzmic cells towards some of these agents in
animals (Burchenal ¢f al., 1951; Hirschberg ¢t al., 1952; Law
and Boyle, 1951; Skipper and Burchenal, 1951), @ non-specific
action on cell-division appears to be the main explanation of
the therapeutic results obtained to date. As Geisse and Kirsch-
baum wrote 1 1950, “most of the agents which inhibit the
develoy t of transplanted leukmmia also depress body
growth, indicating that their effect is not specific for cancerous
tissue.”

Such a non-specific action clearly exphins, considering the
growth properties of human chronie myeloid leukemia, why
this has proved to be the best test-object for many anti-
leukzmic drugs. The most modern of these are only capable
of producing results similar to those obtained with Fowler’s
solution m the last century. The most promising drugs are the
antimetabolites, for here the therapeutic actton is only related
to mutasis in an indrrect way, the metabolism of the malignant
cells playmng a fundamental part.

Conclusions

The following points appear to need no further dis-
cusston here: (1) antileukzemie agents, old and new, interfere
1n some way with mutotie growth, and this explams much of
therr action; (2) evidence of more specific acttvities towards
some strains of leukemra, or different types of malignant
leucocytes, cannot be denied; (3) the favourable results ob-
tamed 1n leukeema by chemotherapy, as compared with other
malignant growth (for mstance, epithehal tumours) 1s a

i\ of the short hfe-span of these neoplastic cells.

Are there any new facts which would indicate that mitotic
poisons are capable of reaching *‘beyond mutosis” (Dustin,
1949}, acting possibly on the causal agent of leukemia? Some
results with different strams of viruses may be mentioned
here Matthews (1952) found that the virus of luzern mosaic,
when grown on Nicotiana, was inhibited by azaguanine. This
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in biology and patiology : cellular differentiation and its
causal analysis.
Summary

Nearly all substances which have been used with good
results in experimental and human leukemias inhibit mitotie
growth, cither by disturbing the mechanism of chromosome
reduplication (chromosome poisons) or by preventing the
spindle from functioning at metaphase {spindle poisons).

The significance of this action on mitosis is discussed, and
the importance of more specific actions on some types of
cells, or on mahgnant versus normal cells, is discussed.

REFERENCES
AstALdr, G nnd MAvm, C {19.»3) I?:v. belge Palh 23 us).

Qe

~* 88,313

' " (1952}

Buncm:wu. J H., ef ol (1949), Cancer, 2, 118

BoncneNaL, J. M, ef al, (1931). Proc. Soc. exp. Biol., N.Y., 78, 318, 258
BuncueNay, J. H., ez al (1953) DBlood, 8, 905.

Crasicr, R (1952)  Acta. hemat , 8, 209,

Dustin, A P. (1925). C. R Soc. Bl , Pars, 93, 465

Dustix, P. (1046) Scientia (Mulano), 40, 48, B4.

DusTin, . (1949} Acta. Un int Cancr., 6, 406

Dustin, P. (1950a). Sang, 21, 297

Dusmin, I (19505) Rev. Hiémat, §, 603

DUS'H\ I‘. (lQSIﬂ) J Ik’adm! Elcclral 32, 333

- 2t vae

.. ' . ' 'Y {1017). Secience,
v, oo

e ed Fieeena T ST P W0 Do 3 18

. i



GexeRAL Drscussiox 261

Tsraxts. In other v\orda. it you sce a lot of mutoses, your case 18
probably resistant.
ToLLs, T think if mught be valusble to consider some lines of research
which have been apphed to other biological problems but not to
leuhwermue studies, It 1s rather difficult to understand why there have
n so few cytological studies on 1solated components 1n normal and
lewhwemue cells (for mstance on mutochondria, microsomes, and chromo-
somes|
Smge 1044, 1n collaboration with the Genetics Institute and the
Zoological Institute, we have studied both 1solated chromosomes in the
resting stage and mutotre nucles, in normal and leuharmie cells. With

-

deoxyribonuclete aculs At uus tlme studies are being carried on to see
1f some of these
Wirrs Do you agree with tms vmw that the mitoses are less frequent
mn acutc leuhatrmia®
L1 I have never studied the curve of mitotic activity, but I thunk
that mmhemacwany one can object to these counts
Morsciix- In some cases of malignant forms we have found ncreases
of two to three times i the nutotie Index 1 chronte myeloid leukzmia
But T think the essential point 15 that the normal bone marrow has a
very vanable mitotic activity A pneurtonia patient will have an

b Anpents

sometimes 1n the Jymph glands, so there 15 an enormous 1ncrease of
active tissue Even if you only have a normal mrtotic activity, the total
number of mitoses 15 énormously mcreased

Moreover, there need not be an increased destruction of cells, as
Biermann, Lanmann (Blood, 1951, 6, 770) and many others have
suggested

Wtrnmer AWo o o ok Taim s Lx AF AL Seax aoa —ats 3 %L %
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rational to attack the question of differentiation than the question of
mitosis. I would like to hear some opinions on that peint. 3

Happow: We are coming to feel rather strongly that the primary
effect 1s one involving n loss of iation, which
bring» about an enhanced rate of division. AsJ. A. Murray used to say
malignant cells have not acquired the power to divide—as normal cer
they N R oo "
mech

Go H
squar ‘ . . !
carcinoma, which is not mahgnant, doesn’t dilferentiate at all.

Happow: I agree, the relation 1s not quite perfect; and this small
fraction proves that it 15 not the only factor. .

GoRER: Also, even 1n the normal body there are undifferentiated cclls
which aren’t dividing very much, as far as we know,

Encrusrern-Howy: Of course, we can't generalize. The different
tissues must be considercd separately.

Dustis: I'm afrad I didn’t make one pont quite clear. Of
course, 1n pathology we all know of very differentiated tumours which
are very malignant, so it is not a general rule. But in leukwemua it has
particular importance, because when a cell differentiates into a pr Iy

Tewkermua so well 13 that we have to grve somethmg that will actually
destroy the cells, whereas m chrome myeloid leukwmia 1f you stop the

i one marrow. But In the nornul vone martow Liwse vravuu
:;‘ltt(}:sh\ﬂﬂ mve celfs which will eventually become red cells nm:l poly-
morphonuclears; here they always go on giving the same cells. There i



THE DESIGNING OF SELECTIVE DRUGS
J. F. DANIELLI

Introduction

My approach to this subject will be based upon the thesis
that there are many biologieal vanables concerned in deter-
mining the selectivity of a drug, and that these vanables must
be successfully exploited to obtain the highest possible degree
of selectivity. As I have shown n a detailed discussion else-
where, therapeutic efficieney in a series of drugs 1s imited by
different biological vartables with different drugs (Danielli,
1950} Consequently 1t 1s often smpossible to design a sensible
scientifically planned investigation unless adequate knowledge
is available of the bwlogieal vanables which may become
decisive  Conversely, if a programme 15 planned to exploit
biological vanables 1n addition to physicochemieal vanables,
there must be a correspondingly higher chance of success.

Generally speaking, one may endeavour to control or
end:cate a tumour chemically either by use of a natural

or of a sub of 1 action (e.g. cestro-
gens), or by use of a toxic substance (e g f-chlorethyl com-
pounds, ant bol and rad topes). In both cases

utility of the substance 1s Iimited by 1ts action upon ecells
other than those of the tumour. We are thus faced with the
problem of finding means whereby the action of a substance
may be limted to narrower ranges of cell types. How 1s this
to be done? So far as I am aware, the only general approach
to this problem yet set out 1s that of making the action of a
drug depend upon the simultaneous exploitation of a number
of biological vanables (Damelly, 1952). If the action of a drug
depends on only one biological vanable (e g. specific protein
synthesis, m the case of nitrogen mustards) its action cannot
be highly selective The reason for this 1s that any single
vanable is likely to be of great importance for a wide variety
263
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mature, but wwhen myeloid cells are grafted into the subcutancous tissue
or muscle, the tumour cell population there may be composed of myelo-
blasts maturing only as far as promyelocytes. If this population indicates
the range of the leukzmic cells, then out of 200,000 mn the blood, not
more than, perhaps, 10,000 are Jeukemic cells. It follows that the simple
wutotic mdex of bone marrow is of hittle value. We need to learn how
to distingwish between the immature normal cells and the leukaenue cells.
Dusrin: The work on the mitotic index in bone marrow that I men-
tioned was only m acute leukzemia, In ehromc leukamta no study of
that kind has been done as far as Y know. The low apparent number of
divisions 1 acute Jeukeinia seems 1o hnye some relation to the fact that
50 many acute leukmias 1n man begin with an aplastic condition
Furmn. That’s the best situation to study.

aff .
the
T .
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will have an action upon a cell or not, in practice a second
family of variables is also important since 1t detcrmines the
concentration of a drug to which the cell can be exposed.
These variables include urnary excretion, detoxication
mechanisms and central and other side effects.

Here 1 shall conader (a) enzymic activation of drugs;
(b) enzymic inactivation of drugs; (¢} permeation, facilitated
diffusion and active transfer 1n relation to drug design; {d) the
nature of adaptation and rcslstnnce to drugs; (c) the explolta-
tion of adaptation and T The d
will be in terms of mitrogen mustards, but a very similar
approach can be made to the problem of securing selective
action of grow th control substances, antimetabolites and radio-
isotopes, and we are imn fact commencing a prelimmary
experimental study of cestrogens along stmilar lines,

Enzymic activation of drugs

The p ple in some prel 'y eXp s which I shall
consider 15 that of choosmg an active nitrogen mustard which
can be administered as an mnert dernvative from which the
active molecule 1s hkely to be liberated by enzymc action
mn the body. One of my colleagues, Mr. P Hebborn, has
carried out the experiments which will be described here.
The drurv chosen was 4, the nitrogen mustard derved from

ph This d has a high toxiaity, but
lt seemed probable on theoretical grounds that if the free
amino group were combmed 1n a peptide or some similar
linkage an mert compound would be derived, since wn such a
molecule the rate of 1omzation of the chlonde jon should be
greatly dimmished Other studies, particularly those by Ross
at the Chester Beatty Research Institute, had provided the
mformation upon which this prediction could be made. It is to
beexpected that such a compound would be relatively mactive
in the body, but 1f at any particular site an enzyme were
available which would release the parent substance there
would ymmediately ensue a drastic local action. By so re-
dueing the activity of the parent drug we are in fact endowing
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of cells. If the action of a drug depends upon two biological
varmables its action will be more selective than if it depends
upon one, since any two variables will be very important to a
more himited range of cells than cither variable taken sigly.
For example, a drug which acts upon protein synthesis will
act upon the formation of erythrocytes, leucocytes, platelets
and intestinal epithelium in particular, and probably will act
upon the liver also. A drug whose action is dependent on a
high concentration of alkaline phosphatase will exert marked
effects on the kidney proximal tubules, intestinal epithehum,
choroid plexus and regenerating or caleifying bone. But if
the action of a drug upon protem synthesis depends upon the
presence of o high concentration of alkaline phosphatase, we
should expeet its action to be largely restricted to the m-
testinal epithelium; and 1n general 1t can be asserted that the
larger the number of biological variables that condition the
action of a drug, the more highly sclective will that drng be.

Among the vanables which might be exploited are included
enzymic constitution, permeability properties, facilitated
diffusion, active tramsfer, chromosome breakage, protemn
synthess, nuclete acid synthests, gene reproduction, adapta-
tion to drugs, resmstance to drugs, ete. We know a good deal
about the enzymic constitution of different cells. The extent
of our theoretical knowledge about permeability by thermal
agitation is satisfactory, but there 1s hittle detailed informa-
tion available in winch the permeability of cells of different
lineages has been compared. We are begmning to develop
the theory of facihitated dvffusion Of the theory of active
transfer we are still almost completely ignorant. We are
equally ig of the } of chr breakage,
protein synthesis, nucleic acid synthesis, adaptation to drugs
and resistance to drugs. Thus the fields which can be exploited
are limited to enzymic constitution and permeability proper-
ties and certain small areas of knowledge in connection with
the other variables. .

In addition to the types of vannblcs. mentioned above
which are primardy concerned in determining whether a drug
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will have an action upon a cell or not, 1n practice a second
family of variables 15 also important sirce it determines the
concentration of a drug to which the cell can be exposed.
These variables include urinary excretion, detoxication
mechanisms and central and other side cffects.

Here I shall consider {a) enzymic activation of drugs;
(b} enzymic mactivation of drugs; {¢) pcrmeation, facilitated
diffuston and nctive transfer in relation to drug design, (d) the
nature of adaptation and resistance to drugs; () the explotta-
tion of adaptation and resistance phenomena. The discussion
will be n terms of mtrogen mustards, but a very sumlar
approach can be made to the problem of securing selective
action of growth control substances, antimetabolites and radio-
1sotopes, and we are m fact commencing a prelimmary
expenmental study of cestrogens along similar lines,

Enzymic activation of drugs

The principle in some prehninary experiments which I shall
consider 1s that of choosing an active mtrogen mustard which
can be admimstered as an mert derivative from which the
active molecule 1s hikely to be hberated by enzymic action
in the body. One of my colleagues, Mr P Hebborn, has
carried out the expeniments which will be deseribed here.
The drug chosen was A, the nitrogen mustard derived from
p-phenylened Thrs d has 2 high toxieity, but
it seemed probable on theoretical grounds that if the free
amno group were combined mn a peptide or some simular
linkage an mert compound would be derived, since 1n such 2
molecule the rate of 1omzation of the chlorde 1on should be
greatly dummshed Other studies, particularly those by Ross
at the Chester Beatty Research Institute, had provided the
nformation upon which this prediction could be made. It 1s to
be expected that such a compound would be relatively mactive
in the body, but if at any particular site an enzyme were
available which would release the parent substance there
would 1mmediately ensue a drastic local action, By so re-
dueing the activity of the parent drug we are 1n fact endowimng
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the nitrogen mustard with the equivalent of a proximity
fuse, which will be touched off only by a himited range of
enzymes. Although it is possible that the compounds formed
by inactivating 4 through formation of a peptide linkage
with an amino-acid would ultimately be of most interest, the
difficulties in synthesizing such compounds have led us to
make our initial experiments on the more readily available
acetyl and benzoyl compounds B and C. Roth the parent
substances and these two derivatives were kindly prepared for
us by Mr. D. A. Firth of Boots Pure Drug Co. Ltd.

NHI,O NEHOHC), A
CH, CONH O NEHCHE, B

Q o NHO NICHEHE), C

The action of the drugs was studied upon the Walker rat
carcinoma 256 growing subcutaneously. We are indebted to
Mr. Marsh of the Chester Beatty Research Institute for
providing the tumour and for help n the imt1al stages of the
work. The approximate LDy, for these different compounds
were as follows—

Armno compound . 0 8 mg. per 100-g. rat
Acetyl compound . . 4 8mg per 100-g. rat
Benzoy! compound . 35 mg per 100-g. rat

From the above figures 1t 1s clear that formation of the
N-acetyl denvative has had the predicted effect of greatly
reducing the toxicity The drugs were then compared as
therapeutic agents by usmg them to study well established
tumours, admmnistering 2 daily dose of 1)3 of the LDy, for a
number of days. The drug was never administered until the
tumour had become well established, was of measureable size
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(about 5 g.) and was growing rapidly. Administration of the
drugs often caused a considerable loss in weight, and injections
were discontinued 1f the weight loss showed any sign of ex-
ceeding 15 per cent. In animals treated with the free amino
compound, the rate of growth of the tumour was slowed
down and there was a substantial loss in weight of the ammal.
When the administration of the drug was discontinued the
animal would increase in weight again, but the tumour also
resumed 1ts rapid rate of gronth. In the case of the acetyl
compound, there was a simular loss 1n weight of the ammal
but the tumour, mstead of growing, dimmished 1in volume
and 1ts rate of growth was commonly slowed down for a
derable period after ad ration of the drug had been
stopped. But in the majonty of cases the tumour eventually
agam began to grow, and when this occurred 1t was usually
relatively resistant to the action of the acetyl compound, so
that 1f a fresh course of treatment with the acetyl compound
was given, although the acetyl 3 d agamn produced a
dechne 1n weight of the ammal, 1t would no longer produce a
decline 1n weight of the tumour, From these results it was
clear that acetylation, as was hoped, had resulted in a much
greater degree of selectivity of the drug for the tumour, so
that the prediction of a given degree of toxieity to the animal
as a whole produced much more damage to the tumour 1n the
case of the acetyl compound than m the case of the parent
compound But, on the other hand, the tumour was rarely
completely eradicated and when growth was resumed a
resistant condition was evident
The benzoyl compound was still less toxic, but had httle
action upon esther the weight of the ammal or the size of the
tumour, even when given in a dose suffictent to cause death of
the animal It was evident from the condition of an ammal
kalled by the action of the benzoyl compound that 1t produces
death by a daff to the parent substance and
to the acetyl compound It mght m fact be said that ben-
zoylation has produced a substance which no longer has a
direct action upon those cells, including tumour cells, which
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are the most readily attacked by the parent compound. Death
caused by the benzoyl compound is due to a rather highly
selective action upon a tissue so far unidentified.

The question now arises as to whether the results obtained
from these three drugs are really to be explained in terms of
enzymic activation of the acetyl compound and failure to
activate the benzoyl compound. To obtain evidence upon
these points, we investigated the enzymic content of typieal
tumours. The tumour was found to contain an enzyme which
would liberate the parent substance from its acetyl derivative
but not from the benzoyl derivative. Thus the evidence from
enzymic studies is compatible with the view that enzymic
activation really 15 responsible for the increased therapeutic
selectivity of the acetyl as compared with the amino com-
pound

Selectivity based on inactivation

If an enzyme 15 ubiquitous in 1ts distribution, then mn theory
1t 15 possible to obtam a selective attack on a cell type which
Iacks this enzyme, by using a drag which will be inactivated
by the enzyme. A number of enzymes show this type of
distrtbution, e.g. triose phosphate dehydrogenase and the
cytochrome system, but so far no drugs have been designed
to this pattern, though Dr W, C. J, Ross tells me that he has
the matter under consideration,

Selectivity based on Permeability, Facilitated Diffusion
or Active Transport
By permeabulity I refer to the ability to diffuse mnto cells by
thermal agitation. Although differences n permeabihity be-
twecn cells are known to exist of 2 magnitude whch would be
1omficant m considering drug design (Dantelli, 1950), too httle
xsnknown of the permeability of mammalian tissue and tumour
cells to make tlns approach profitable at the moment.
Ry facilitated diffuston 1 refer to the penetration of cell
membrancs through patelies an the membranes which selec-
tively facilitate the passage of certain molecules, without the
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expenditure of energy. Facilitated diffusion is usually Limited
to physiologically important molecules such as sugars and
amino-acids. Variations from cell type to cell type are very
striking  For example, glucose permeates sheep red cells by
diffusion, and human red cells by facthtated diffusion, In
given circumstances it takes about 1000 times longer for a
given amount of glucose to penetrate into sheep red cells than
nto human red cells. Although very httle is known about
facilitated diffusion n tissue cells, the order of magnitude
of the vanation 1n this varniable from cell to cell 1s so large that
it might nevertheless be profitable to consider a few drugs
which might become selective through facilitated diffusion
Examples of such p ds are the T

a mustard grouping allied to a sugar or an amnc-acd, For
example, the compounds D, E, F and G would be of mterest.
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So httle 1s known of the mechanisms of active transport
that exploitation of this vamable must remam difficult for
some years, But active transport 1s very selective. For
example, m the absence of fat-mobilizing hormones the adipose
tissue cells far exceed any other cell type n the efficiency
with which they pick up colloidal fat from the blood. Thus a
tumour of fat cells or a tumour which readily accumulates
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colloidal fat might well be attacked selectively by a colloidal
suspension of a fat-soluble mustard, say H, dissolved in a
liquid fat.

NEHEH,CY,

Another series of compounds which would be of great
nterest from the pomt of view of active transport are the azo
compounds derived from J, now being studied at the Chester

compounds to show a variable degree of active transport. For
example, J 1tself would probably differ from K, and both

o
no@ NN Q NcHCH,C), K
N

would probably differ from L, 1n manner of treatment by
active transport mechamsms.

50, N~ NQN (CH,CH, €D,
oH

NH,

N{CH,cHel),  J

L

50,

O As= As Qn(cupw,cu, M

There are many other serics of compounds which are worthy
of study in conncetion with active transport, not least the

arsenicals based on 3.
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The Nature of Adaptation and Resistance

When a drug is admunistered celtular adaptation may occur
so that the drug s no longer eflective. The adaptation may
occur either in the host or in the tumour, For example, the
development of an efficient hepatie detoxication mechamsm,
or of an efficient unnary excretion mechamsm, may render a
drug useless  Adaptation m the tumour may take the form
of a mass adaptation of tumour cells which may be permanent
even in the absence of the drug and so confer permanent
Tesistance. Or resistant tumours may anse by multiplication
of occasional cells which by nature were resistant hefore
application of the drug.

The mechamsms upon which adaptation and resistance are
based are almost certamnly varable. It 1s easy to see that
resistance can anse 1n a tumour by (a} development of enzymme
detoxication (an example of adaptive enzyme formation);
(b) ehmination of an activating enzyme, (c) development of
an active transport mechanism which pumps the drug out of
cells as fast as 1t penetrates. No doubt there are other
physiological mechamisms which may be concerned.

Mr. P. Hebborn and I have made a prellmmary study ofa
‘Walker rat sarcoma to d B. This Js
as explamed earlier, 15 believed to ‘act after hydrolysis by a
peptidase  Resistance of this tumour to B does not arise 1n
the host, for it continues when the resistant tumour ts trans-
planted through several hosts. The resistance must therefore
arse 1n the cells of the tumour. On the other hand, compared
with a normal tumour the resistant tumour contains much less
of the peptidase which 15 believed to activate B We are
therefore considering the possibility that the resistance 1s
due to elimmation of those tumour cells which normally have
a relatively Ingh content of the activating peptidase.

The Exploitation of Adaptation and Resi

The possibility exists that, if adaptation and resistance
are based on physicochemical changes such as changes m
enzymic constitution and in active transfer, then these
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phenomena may be turned to advantage. The experimental
evidence already available shows that not all of the tissues of
the body become resistant, or at least not to the same degree.
Thus when a prostatic tumour becomes resistant to astrogen,
the other tissues of the body are usually not resistant. When
the Walker sarcoma becomes resistant to a nitrogen mustard,
the general tomeity of the mustard remains unaltered, and
the weight loss caused by a given course of mustard treatment
is substantially unaltered. Thus resistance must frequently
be hmited to the tumour and perhaps a few other cell types
in the body.

Where resistance 15 due to the formation of an adaptive
enzyme, the prineiple which would underlie the use of adapta-
tion is simple: when adaptative enzyme formation has reached
the point where the drug mn use is rendered ineffective by the
detoxicating action of the drug, then this drug should be
replaced by ancther which, instead of bemng detoxicated by
the adaptative enzyme, 1s activated. For example, a tamour
which beeomes resistant to urethane P or ethylphenyl carba-
mate @ might be expected to do so by formation of an adaptive
enzyme which will spht esther the ester or the peptide Jinkage.
P or Q could then be replaced by a drug such as £, which
should be activated by the adaptive enzyme.

P NH, cOOEt an,mon Q
(cicH,cH,), N QNH co.ort R

Another mcthod of approach »ould be to mvestigate which
types of substances most reachly cause formation of adaptive
c'nzvmcs in tumour cells. Pretreatment of o tumour with such
8 svjhstance could then be uscd to potentiate the action of o
drug designed to be activated by the adaptive enzyme. For

example, acctamude might act as a potentiator for B.
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T am hoping in the next year or two to carry through a
preliminary investigation of some of these possibilities.

Conclusion

It is evident from the discussion above that although our
knowledge of cell biology is so restricted, even with present
knowledge it is practicable to design a variety of programmes
for deniving drugs of increased selectivity. In particular, it
is necessary not to adopt a defeatist attitude when one en-
counters difficultics eaused by the operation of biologteal
variables such as adaptation and resistance  If such pheno-
mena are taken, not as mystersous limits to our scope but as
pracesses involving tangible pl ) Imech uch
asenzymicphenomena, there 1s a good chanee that whatappear
to be disadvantages may ultimately prove to be advantages.

But when tlus has been admitted, the fact remains that our
knowledge of biological vanables 15 extremely himited. The
confines of constructive thought mn the field of desizn of
selective drugs arc not set by the limitations of orgamic
chemistry but by ignorance of ccll biology. We need vastly
more rescarch on fundamental aspects of cell biology. While
many methods must be used to obtan this fundamental
knowledge, I venture to suggest that none will, m the long
run, prove more profitable than those of enzymc cyto-
chemistry (Pearse, 1953, Danielli, 1953)

T am indebted to the British Empire Cancer Campaign for a grant
which has assisted this study
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DISCUSSION
IApDOwW Prof Damiell mught be interested to know we have already
examined a large series of the azo compounds of the type he has
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descnibed and are still engaged on them now. Ve have also examuned
some of the urethane mustard types, one of which he mentwoned,
phenylurcthane mustard (R?)

Dawnterzr- Have any of the azo you studied
acid restdues? I remember your results with the parent azo compounds
were rather promising.

Happow: I think not.

Tur~er- It appeared 1n your report that the free amino compound A4
was somewhat less active than the acetyl I You attributed that, I
suppose, to dosage?

Danicien: Yes. We gave one-third of the LD,, of each of these, which
meant that we could give very much less of the free ammo compound.

TuoreLt. What evidence do you have that the resistance 1s con-
ditioned by the liberation of an active enzyme which is splitting the
acetyl compound?

Dianreren: Our evidence doesn’t constitute proof that resistance is
due to the enzynue factor, but it is an interesting coincidence that
whereas there 15 a significant amount of the enzyme which will split off
acetyl residue in the tumour before 1t becomes resistant, a fesistant
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“Where do we go from here?"
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speakers We have heard about differences n myeloid and lymphord

tween the different types of leuksmtra, Also we have heard nothing
about leukzmoid states, myeloid sclerosis, the so-called non-
leukserme splenomegaly and so on. 1 wonder whether the work
with chemotherapeutic agents might help us there. Has any work
been done on the treatment of the so-called leukemoid reactions
with the different substances we bave heard about? Have some of
these substances been tried in any of these obscure cond:tions, and
can we learn anything about the relationstup between what we call
real leukzemias, 1n the classical sense of the word, and these perhaps
related conditions?

. Prof Witts d day the kable d

conditions
Another group of papers and discussions dealt with the regu-
lation of ———* 2747 ¢ * -
1 thunk
espectall
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culture work, using extracts or cells from different tissues after
a procedure like that, and applying that to tissue culture of
normal ¢ells

A third and different approach to the whole problem was that
of Dr. Gross, which I think must be looked into more deeply; we
must try to repeat that in different laboratories, That too could
perhaps be combined with other methods of attack. Ttisimportant
that 1t should be tried with other strains and other combinations
of strains, and I would hike somebody to take that up, and study
it mn the light of what Dr, Lorenz said.

pE Bruyn: We still do not know what has gone wrong 1n the
interaction between the leukemic cells and their environment.
In fact, we do not as yet know enough about the interaction
between normal cells of the hzmatopoietic systems and_their
diate en Therefore, more basic h still has
to be carrted out. Among the other lines of research, experimental
cytology will pro‘bab‘ly pla}: an rimportant part, Observations on
g Al B v - “

mediate environment, 1t is necessary to 1solate the cells and tissues
1n artifieral systems, 1n which the mnfluence of the organism esn be
elimmated.

I know most of this work has had to be done by tissue culture
techniques, and many workers have been discouraged by these
rather elaborate and expensive methods. But during recent years
some improvements m these techniques have been made, and at
present we can culttvate normal and abnormal cells of the blood,
and tissue fragments of the hamatopotetic organs.

They can be mamtamed for a certain time under more or less
controlled conditions and may be observed at will under the
highest powers of the phase-contrast mieroscope. The advantage
1s that 1t 15 possible also to do experiments with human celis and
human tissues A great step forward would, of course, be the
development ‘of a culture medium of entirely kfxown composltioLm

PR Sa

'
:‘s‘e ;{rla\;\s has been denived from a transplantable mouse lympho-

n a and has been maintained now for six years outside the
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the and therefore we continue to use these rather elab-
orate and expensive techniques.

Kierer: I should bke to zdd a few words on the tissue culture
question. I think that at the present moment we are facing an
alternative; either we get unhmited growth without any cell
differentiation, or we get some cell differentiation without any
growth, What we want 15 both at the same time, 1 \w?x‘lder
vl ' - FREFA OO

want so badly. I wonder whether Dr. de Bruyn has any further
suggestions,

or Bruys: I think 1t would be worthwhile trymng to get the
subst. Dr. Jacobson talked about and testing this substance

organ as a whole or on separate cells i the tissue culture Using
the last method one has the advantage that the direct mfluence

of these substances may be studied with the axd of the phase-
contrast microscope,

Lorenz. There 15 agreement among radiologists that acute
lymphatic leukimia should not be treated with X-rays We have
a very acute lymphatic leukzemra 1 mbred guinea pigs which kills
the ammals in ahout three weeks, with a white count up to
900,000, & spleen weight up to 12 g, and dissemination into all
organs and tissues  If you try to use the ordinary radwological
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methods of small daily total body doses, the tumour just goes on;
but if you give massive doses, as we can do now, keepmng the
animals alive by giving them bone marrow, you get some interest-
ing effects.

Fig. 1 shows different treatments with high doses, 4X200 r
every day, 5%200 r every day, and 5400 r every day, and at
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the end of the treatment, bone marrow mjection. All these ammals
hived; but about half of those exposed to 2000 r ded following
treatment. The amimals were irradiated when the leukznma nas
well-established, with a count of about 50,000 With 2000 r the
oem oo o - In animals
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only in the lymphatics, although the spleen went back 1o normal
size, We also tried agher doses, but that is about the limit we can
use—and 1t 15 quite remarhable that the gumnea pig, with an LDy,
of 400 1, can take 2,000 r and be kept abve.

If you plot time of remyssion agninst talal dose, you get o
straight hne (Fig. 2) which probably mcans ve could neter cure
acute lymphatie leukmmma with wradiation alone We thought that
as the tumour was very large 1n the spleen we could transplant
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nto splenectomized guinea pigs, but the effect of the uradiation
is just the same.

Then we thought of b X-rays and chem p
apents, We have only tried two so far, namely Amanopterin and
TEPA ( ylenephospt de). A P w doses of
5 mg./per unimal of approxumately 500 g sometumes dossn't even
touch the leukemw But if we mve Amnopterin and X-rays
simultaneously i a single dose, the time of renussion 13 governed
by the X-ray dose and not by the Aruaoptern, although the effect
on the leucocyte count is mere prosounced than with either
freatment alone. The picture 13 different however with TEPA.
With an ingection of 0 25 mg TEPA we get & remussion of about
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five to six days, and a second and third remission can be obtained,
but then the animal dies, because the drug is too toxic. But if you
combine TEPA and 500 r X-rays simultaneously (500 r gives a
remission of about ten days), then we get a remission, in the few
surviving animals, 1n excess of twenty days, This may mean that
we have a synermistic effect. We want to try other drugs also.
We could solve the problem perhaps 1f we had a drug that only
attacks the lymphatics and not the bone marrow or other tissue

IsraELs: Perhaps as one of the original attackers of so many
people here I may be allowed to make a few remarks. In the first
place, you've got me all wrong! T am not against research on
animal leukema, What I meant was that the work on animal
leukzmua has been conducted on too narrow a front. People bave
been so fascinated by transmissible mouse leukzemia that all their
energies have been lized on to t issible mouse leuk
to the detriment of all other types, And it 1s the other types which
are of more interest from the human side, What I want to see in
the future 1s some attack om these dependent leukemias that
Dr. Furth talks about,

And I would hike to see reopened the qi of Teuk in
ammals other than rodents Experience with anzmia shows how
rmsleading work with rodents can be, Surely you want to look
elsewhere. The pig is probably, from many points of view, the
anmmal with a hemopoletic system ncarest to the human.
Leukzmia was described n the pig many years ago—Dr.
Engelbreth-Holm mentioned that in s book-—but 1t has been left
like that. The trouble 1s, I gather, that leukzma 1n the pig only
anises very infrequently. Now here we have been shown how you
ean produce leuk by 1rrad Admi ly that must be
regarded as a somewhat crude techmque, but if you could produce
leukzemia 1 pigs by irradiation techniques, and you l‘mvc \vholt‘:

with them; and there are others.

It has also struck me that many workers use survival as a
criterion of the effectiveness of drugs. In our present state of
knowledge I am not sure that that is a very good thing to do. It
1sn’t much good giving a certain drug and counting the dead
bodies after a certamn length of time. Y(_n_n‘wnpt‘ to know over



GeNERraL Discussion 231

pattern, you find that something is happening. Mice only lne
three years, so b . Tt
matter of hour .
there is any ct

I wish very "
for more sy 1on.  Unless we und 1 Ives and agree
on nomenclature, we are going to get nowhere. May I suggest that
we use the term “aleukemic™ only for conditions when the bone
marrow 1s intolved and the penpheral blood, as far as we can tell,
1s normal—we can’t tell whether the lymphocytes we see are
turnour cells or not at the moment—and keep the term “sub-
leukzmic” for types with a low leucocyte count and some ab
normal cells in the penpheral bloed, with the bone marrow
definitely involved, and don't use the term “leukemia” at all for
c?‘_ndnhonsmir} which neither the blood not the boue marrow 15

next generation, where are you going to'end? Dr. Gross has an
apgent which produces salivary gland tumour or leukzmia 1n-
diferently.  Are you going to call salivary gland carcmome
leukemia? ¥ we knew the mtiology we could call it the salivary
gland tumour form of whatever disease 1t was, but we must draw
the line somewhere when we don’t know the etiology-

With regard to non-leukzmic myelosis and so on, there 1s a lot
of work to be done on the descriptive classification of clinical cases.
One of the difficultics 1s to decide whether it 15 a primary dlse'ase

Al o i et ol

ar whathan comes ~on

a lot of these cases with mustards,')lylemn, cortisone and so on,
und they are remarkably resistant to all these forms of treatment
Those are the points 1 want to see followed up

Gross Ishould Itke to correct several statements by Dr Isragls.
He makes the enticism that we are fascinated by transmussible
leukemia and we should look at other forms of lenkzmia, Some
years ago mouse leukzemia was not transmissible from one stramn to
another, and Dr. Isragls would have been happy to use this type
of leukstmia for hus studies Then we found that if you use the
newborn mouse you can transmit 1t very easily from one stram to
another. 8o I'don’t think we can divide leukwmia nto the
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t issible and non- issible. YWe may find that they are
all transmissible provided the proper conditions are provided for
transmission.

Israxrs: That's quite possible; all I want is to have them
studied,

Gross: Dr. Israéls wonders whether we should draw a line at
agents that cause both tumours and leukamia. But T strongly
suspect that I have at least two agents, which are hooked up, and
one interferes with another. If we Jeave them alone only leukzmia
develops, the leukemia agent being the stronger one.” But if we
separate them under proper conditions we can get either disease,
But this 1s just a digression. 1 wanted to say a few words about
what I think of a future approach for fund 1 h on the
nature of leukemia.

First, T thunk that the newborn animal should receive proper
attention. And perhaps the newborn mouse is already too old;
we should perhaps moculate mice before they are born. What
makes the newborn animal resistant a few hours after birth? That
may be of some importance.

Another thing 1s that the AK stramn gives agents which cause
either leukemia or salivary tumours—salivary tumours which very
rarely develop spontaneously in mice. There may be many other
strains with no meidence of tumours which mught give us agents
that cause different tumours in different strams. If you use a
proper detector strain for the inoculation and a proper donor
stram for provision of the extracts, you may find that quite a few
of them carry tumour agents.

There are strains of mice which develop leukxmia in a certain
percentage, and this can be increased by inbreeding, by certain

;\a)‘" exist agents which are completely adapted to their hosts and
will produce no symptoms unless activated. The problem of
inducing agents should be studied.

Finally I would like to address myself also to the chnical group.
Shouldn’t we give much more attg'nnon to the possible famihal
incid: of leukemia an

Forrn: The theme of this discussion is “Where do we go from
here?” After these fertile discussions, most of us will go home
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loaded with ideas beyond our capacity for investigation. For-
berations will be published. f.

tunately, our del 1l be p May I, th
comment further on a few problems which have come up.
A, warowe L2V S s G S R IPYR

exteriorized lymph-venous anastomosts should yreld mformation
on the circulation and rate of new formation of Iymphocytes
e AL cet i Lot bl e b am af bk palonn 26 nr aand ac

but also in the bone marrow. There are experimental leukeruas
TS50 10 AR Hc- A S N e i S

' . .
spleen and try to get out of 1t the hypothetical substance which
causes leucopenta. One should also try to isolate it from normal
and large spleens of dilferent types and find out 1f 1t 1s a physio-
logical substance.

I was also much impressed by Prof Haddow's talk abour the
possibility that the leukemic cell may be due to deficiency of a
certain enzyme and, perhaps, the leukzmie cell could be brought
back to the normal type by “replacement” therapy This calls
for mueh more elaborate studies of the biochemical processes of
Jeukmic cells versus normal cells, particularly of therr enzyme
systems  Adequate controls are essential  Excellent contrlol

formed to ‘show whether the cells actually did weorporate the
enzyme.

The colchicine dersvative Dr. Moeschlin talked about remunds
me of a class experiment made many years ago. It was thought
then that colchicine arrests cells mn the metaphase and, 1f combined
with irradiation, the latter would be much more benefical since

mutotie cells are much more sensitive to rradiation than normal
LrUx Res 2
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cells. The class experiment failed. The students did not check
morphologically that colchicine as applied did arrest mitosis at
the time the mice were irradiated. This type of experiment
deserves further study.

We are, of course, all excited about Dr. Gross’s work. I should
like to see many more investigators studying the viral aspects of
neoplasia; to what extent his work is applicable to different
strains, spectes, types of leukamias, and so on. There 1s 8
t dous background of inf tion 1n the studies of avian
leukoses, rabbit papillomas and fibromas, and the milk factor of
mice. I understand that the salivary gland tumour is not readily
transplantable. If so, 1t might be worth while to search for anti-
bodies and thereby demonstrate the virus by indirect means.
I should like to hear suggestions as to how we could demonstrate
the conditionality of hemopoetic cells and assay hzmopoietic
regulators.

MoEesenrin: I should first like to stress some points about the
problem of the two cell strains or two cell generations in leukemis.
First the acute leukemig- I think the most essential point, as Dr.
Engelbreth-Holm pomnted out, s that these cells are not differ-
enttated. Even if we treat them with Aminopterin, we sometimes
see the normal cells come back again. Some authors think that
these are matured cells, originating from the previously immature
leukaemic cells, but I think there are many facts that demonstrate
that this 1s not true. Many years ago we punctured leukenua
patients not only in the sternal marrow but also in the ribs, ihac
crests, and so on. In one patient who was in a very early stage,
I found myeloblasts in the sternal marrow. The same day and the
day after I punctured different ribs and then the iliac crests on
both sides, and I was astomshed to see that he had only myelo-
blasts 1n one part of the sternal marrow, In al:m‘x‘t three months

all bave, where myeloma was localised at the beginning only n
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the first myeloma cells appeared 1n the sternal marrow, but not
in the other bones; and later generalized in the whole marrow,
ending in a plasma cell leukemia. So I think there we have the
whole evolution, as we have in acute leukemia. If we treat these
patients with some of these new drugs, there 1s no doubt that we
hnock out only the neoplastic forms of the cells, and the normal
reticulum cells will start to produce normal cells again.

Perhaps I could just mention some points about chronic myeloid
leukemia. As a rule, if we can keep these patients alive they get
a transformation to the acute myeloblastic form at the end. If
vou make dulferent punctures of terminal cases at the same time
(spleen, glands, and different parts of the bones), you may find
cases which are just Joaded with myeloblasts, for example 1n the
nbs and not in the spleen, and some time later there will be
metastases 1n other parts. So I think that i chromc myelod
leukzmia we bave all the transitions from a relatively benign toa
malignant tumour, as we have in fibromatosis evolving to fibro-
sarcoma.

A point which I think would be essentral to study further is the
different actron of drugs on myeloid leukema, ~ For example,
X-rays and urethane: we have been very surpnised that spleen
punctures in urcthane-treated patients demonstrated a much
greater therapeutic effect on the spleen than on the sternal
marrow, in contrast to arsenic, which acted on all the myeloid
tissue (see Moeschlin, S., 1947, “Spleen puncture”. London:
Heteman) I think this point should be studied more intensively.

Then there 15 the puzzling problem of myelofibrosis. I thunk it
15 a syndrome. There are cases which transform at the end into an
acute myeloblastic form, so in this type there 1s no doubt that they
are true leukemias  Rohr thinks that in these forms the neoplastic
transformation goes down to the reticulum cell, wluch can trans-
form wto fibroblasts, osteoblasts and even nto leuhzmic cells,
Other forms which stll show about 50-60 per cent lymphocytes
1n the spleen puncture may be due to a compensatory developing
extramedullary myelopoiess in the spleen by the obstruction of
the bones. IHere these drugs may be dangerous, as X-rays are
Lnown to be,

T think 1t 5s most essential for future research to try to get, as
Dr de Bruyn ponted out, a leukzme cell which we can matntain
i cultivation  As far as I know she has only succeeded with
lymphosarcoma cells, and no one has kept myeloblastic cells
longer than some months.

Since Dr. Gross can only infect the embryonic cell by the transfer
of his agent, 1t may be that the embryonic cell and the neoplastic
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cell have hmng in in their holie 1

Many other things that have been found before to be typtcal of the
neoplastie cell are found to be typreal also for the embryonic cell.
This 1s only a suggestion.

T would hke to ask if there is 8 known strain of acute myeloid
leukzmia which can be transferred by the cells from one animal
to another. Those whom I have ashed knew only of non-
differentiated leukoblastic forms.

Jaconson. We have been speaking of differential suppression of
leukezerie tissue mn order that the normal may floutish. This
certainly occurs 1n cases of myelogenous leukemia after splenic
wradiation.  In expenmental ammals, one can demonstrate
differential suppression of growth of hematopoietic tissue. For
example, after radiostrontium has been given to mice in a dose
of 2 microcuries per gram, the bone marrow is destroyed.
Erythrop diately t fied in the spleen of
these animals. ILn fact, the lymphatic cells may almost entirely
S P AOS- TOSCH S ORI

even though the ammals have not as yet become anzmic.

BurcHENAL: It seems to me the most important point that has
been emphasized this week has been Dr. Law’s point about the
8-azaguamne resistant strain of leukaemia, which somehow be-
comes more sensttive and can ultimately be cured in a certam
percentage of cases with Amethoptenn. * Clinically I think that
principle has considerable importance, although perhaps not with
this particular drug  Now with the Intest techniques of isolating
white cells and keeping them cold, one can do a lot of enzyme
studies on the wiute cells 1solated from a patient There 1s o
problem w that many of the sensitive cases are of the subleukserme
type, where you do not have many cells to work with, but even
wow the techniques are being developed so that that type of
Jeukemia can be used for study. The difference between sensitive
and ressstant cells 1n composition or enzyme content or in the
uptahe of nuclete acid precursors would be of tremendous im-
portance. . N

The use of
has certamn ¢
mmght be ben.
had developed.
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Then combination therapy, as Dr. Law has mentioned, is of the
greatest importance. It seems to me !hnt n the trentme|nt of
£rel N PO anTmm 4o Temnnle vk

of the greatest importance here.

Tuorerr: We know too httle about the normal processes
goverming growth and differentiation to be able to speak about
specific disturbances. For example, 1t doesn’t help you much to
call 2 thing arrest of differentiation In hemoglobin synthesis
during erythropoiesis there are several steps- globin synthesis,
porphyrm synthesis later o, and finally the incorporation of ron.

_sffecting _can affect any step of t}us

Every of Wil give
not only more details but also new aspects. I think that, as Prof
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cell have something in mn their bol,

Many other things that have been found before to be typ;cal of the
neoplastic cell are found to be typical also for the embryonte cell.
This 1s only a suggestion,

I would Itke to ask if there is a known strain of acute myeloid
leukzmia which can be transferred by the cells from one animal
to another. Those whom I have asked knew only of non-
differentiated leukoblastic forms.

Jaconsor: We have been speaking of differential suppression of
leukzemic tissue m order that the normal may flourish. This
certainly occurs in cases of myelogenous leukemia after splenic
irradiation.  In experimental gmimals, one can demonstrate
differential suppression of growth of hematopoietic tissue. For
example, after radiostrontium has been given to mice in a dose
of 2 mucrocuries per gram, the bone marrow is destroyed,
Erythropoest dately b ified 1n the spleen of
these ammals  In fact, the lymphatic cells may almost entirely
disappear as erythropoiesis extends mto the splenic white pulp and
nodules. After a few days gramulocytic, megakaryocytic and
lymphocytic elements appear again and erythropoests is reduced.
Thus, erythropoiesis takes precedence over other blood elements
even though the ammals have not as yet become anemic.

BurcHENAL: It seems to me the most important pornt that has
been emphasized this week has been Dr. Law’s pont about the
8-azaguamne resistant strain of leukerma, which somehow be-
comes more sensitive and can ultimately be cured in a certamn
percentage of cases with Al hopterin ~ Chmically T think that
- mtoten cmmcldesebla smennsbonoa aliha oh wasbaps not with
h . of 1solating

t of enzyme
“ . There 1s a
problem in that many of the sensttive cases are of the subleukemic
type, where you do not have many cells to work with, but even
now the techmques are bemg developed so that that type of
leukzemia can be used for study, The difference between sensitive
and resistant cells in composition or enzyme content or wn the
uptake of nucleic acid precursors would be of tremendous 1m-
portance. A

The ust of these resistant limes of mouse leulzemia in screening
has certain climcal applications, 1n trying to find drugs which
rmght be benefictal m the chinieal situations where the resistance

had developed.
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Then combination therapy, as Dr. Law has mentioned, 15 of the
greatest importance. It seems to me that in the treatment of
Jeukemia you will never have & drug which 1s going to knock out
all the leukemic cells. The most you ean expect 15 a shght selective
suppression of the leukemic cells. It may be that in a particular
enzyme system or chain of enzyme systems you have several
T e ~ &0 maw hont gt each step
) * the leukemic

H . e designing of
R . of. Danielh is
of the greatest importance here.

Turnen: I think T should eall to your attention a new metabolic
eycle which 1s undoubtedly of immense lmporifince_for hamato-

TuoreLr. We know too little about the normal processes
goverming growth and differentiation to be able to speak about
speaific disturbances. For example, 1t doesn’t help you much to

analyses; now one can measure diflerent metabolic steps i the
differentiation.  Every new technique of mmportance will give
not only more details but also new aspects. I think that, as Prof.
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Engelbreth-Holm has already said, it is essential primanly to
foliow the normal processes.

Facraeus: 1 wondered if it is not possible that in avian
leukemia and mouse leukmmia we are dealing with the same thing
—now that Dr. Gross has shown that mouse leukemia can be
t issible, T got the impression from what has been said here
about the trial of drugs that you always use mouse leukwemia.
Doesn't it work on fow! leuksemia?

Dr. Gross shows that we have to keep to very young mice to

e O e WEJIE R SOVE ,

enmals are not completely developed and so they get impressed
by the virus. It is a general finding 1 virus work that the sus-
cephibility of ammals 1s different to different viruses at different
ages—usually greater the younger the antmals are. With Coxsackie
virus, for mstance, you can only mfect mice when they are less
than three days old}.,

Darcer: I am very interested in the posstble relationship be-
tween virus and biochemical activity of erythroblastosis virus.
Mommaerts ¢! al. (1952, 1958)* claim to have demonstrated that
virus  cons ates from  erythrobl: plasma bave high
ATPase capaaty. The parfition of enzyme activity wn their
preparations closely paralleled the distribution of virus activity.
1 wondered whether Dr. Fagraeus and Dr. Thorell have done any
work along these hines

Facrarus: No, [ have only recently heard of it
Darcer: Dr. h:‘lls Lannek (personal commurcation) of the

Facrarvs: It gives us quite a lot to think about but we haven’t
gone any further.

. . et Y

N v

diseases, It wuwu v .
erts, E. B, Echert, T; A, Beard, D., Shup, D G and Beard,

P a052), Proc Sor exp Dol 13 ¥ 99,350

Mommacets, £ B, Dckert, B A, Beod, D., Sharp, . G and Beasd,

M (1038) Proc Soe exp. ol | N.Y', 83,470,
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p between chemical of a drug and its
distribution in the human body. This information will not become
available in a reasonable time unless a particular group of workers
concentrates on this problem. Until this 1aformation is available
1t will be difficult to make the best use of chemical zgents and
isotopes.

R S N T N P

-

CHAIRMAN'S CLOSING REMARKS

throughout the discussion has been the interplay between these two
ponts of view; the work on experimental leukmia in anumals perhaps

the h, as 1t were, and the work on
patients representing the other side But there 13 clearly no antagomsm
Detween them, and one very obviously fertilizes the other. I think we

applicability to patsents, may also be of very much more mportance

because they may be heys with which we unlock niddles of cell growth
and differentiation,
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The work of Dr. Gross is of course of extreme interest, and opens up
very large territories for study. At first one might adopt almost a
fatalistic view about it, Some years ago the late Prof. Ryle, that
very great chnical teacher, was doing a ward round and he had an
American student attending for some reason or other. He said to thiy
student: “What do you know about Jeukzemia?”> The student said.
“Well, they do say there are tvo kinds, but they all die, so what the
e a7 S s e o gmee s mm aehnd

e e N . .. ~ae.m.

capable of development.

Finally, it has been a great delight to all of us to renew some old
friendships and to make so many new ones. I shonld like to say how
immensely grateful we are to the Ciba Foundation for its stimulating
and magnificient contribution to medical science and also how grateful
we are to Dr. Wolstenholme and hus staff for organzing this conference
with such very great efficiency.
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