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The Role of Viruses in the Origin of Leukaemia
in Animals and Man
L. A. ZILBER '

In the course of the last decade intensive research has been conducted in many laboratories on the role of viruses in the etiology of various forms of animal and human leukaemia.
This research has led to the accumulation of substantial experimental material, several
reviews of which have been published.
This article discusses the more important data obtained from study of the etiology of
leukaemia in animals and man and attempts to evaluate them and to outline the pathways
of study of problems still unsolved. It also contains information on the induction of leukaemia and tumours by means of nucleic acids isolated from neoplastic tissues, and some
general problems of the pathogenesis of cancer caused by viruses are discussed in this
connexion.
FOWL LEUKOSIS

The fowl leukosis group contained the first neoplastic diseases in the study of which the etiological
role of viruses was demonstrated (Ellerman & Bang,
1908). As is known, fowl leukosis is encountered in
various forms-erythroblastosis, myeloblastosis and
lymphomatosis, three forms of this last being
distinguished: visceral, neural and ocular lymphomatosis. The viral etiology of erythroblastosis,
myeloblastosis and visceral lymphomatosis has been
precisely demonstrated (see Beard, 1957). The
viruses that induce them are antigenically related.
The viruses of erythroblastosis and myeloblastosis are
particularly closely related in this connexion (Beard,
1957), and the antiserum of each cross-neutralizes
both viruses. However, in experiments with the
agglutination of virus particles observed under the
electron microscope it was found that in the case of
each virus agglutination was more intensive with its
homologous antiserum.
Despite their antigenic affinity these viruses differ
in enzymic activity. The myeloblastosis virus possesses dephosphorylizing activity in regard to
adenosine triphosphate and inosine triphosphate
(Mommaerts et al., 1954), while the erythroblastosis
virus possesses no such activity (Bonar et al., 1957).
1 Head of
the Department of Immunology and Oncology,
Gamaleya Institute of Microbiology, Moscow, USSR.
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Another difference is the age at which chickens are
most susceptible to the virus. Three-day-old chicks
are most susceptible to the myeloblastosis virus and
this susceptibility sharply declines with age. To
some degree the reverse has been observed in the case
of the erythroblastosis virus, maximum sensitivity to
which increases with age. Chickens aged two to
three weeks are the most sensitive (Eckert et al.,
1955).
The lymphomatosis virus (Furth, 1933; Burmester
et al., 1946) differs from those described above
mainly in the epidemiology of the diseases caused by
it. Transmission of the virus takes place through
eggs, both eggs from sick fowl and eggs from healthy
ones that are virus carriers (Cottral et al., 1954;
Burmester & Waters, 1955). However, not all fowl
born from infected eggs contract the disease. This
is probably due to the fact that the antibodies that
neutralize it are transmitted in addition to the virus.
The virus is also contained in the saliva and faeces
of infected birds and thus contaminates litter and
hen-houses. As a result the virus is transmitted also
by contact (Burmester & Gentry, 1954). Thus the
pathways of spread of the lymphomatosis virus are
very similar to those of infectious viruses.
The following data obtained in the study of fowl
leukosis should be noted:
(1) Fowl leukosis viruses in a number of cases
cause mixed diseases. For instance, the virus of
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various forms of mouse leukaemia has been precisely
determined. Table 1, which is taken from the work
of Moloney (1960) with some additional new data,
shows the viruses inducing leukaemia in mice.
As will be seen from the table, the leukaemic
viruses differ in a number of properties and may be
isolated from different material: both from leukaemic
tissue and-from sarcoma tissue. Since no ability to
induce tumours has been discovered in the leukaemic
viruses, it must be assumed that tumours from which
leukaemic viruses have been isolated were simply
the habitat of the viruses, which existed in them
in a latent state without causing any leukaemic
process.
The agent described by Schwartz & Schoolman
(1960) was isolated from the brain of mice of a highleukaemia line and also from the brain of persons
who died of leukaemia. This agent speeded up the
development of lymphatic leukaemia in a homologous line and induced the disease in mice of a lowleukaemia line. The short incubation period of the
disease that arises when brain extracts are injected in
the mice (three to five weeks) is noteworthy.
This reduction in the incubation period of leukaemia has been observed in other experiments too. In
mice of leukaemia line AK it was produced by injecting them when newly born with extracts of
leukaemic tissue from mice of the same line (Rudali
et al., 1956) and also through serial passages of cellfree extracts of leukaemic material in AK mice
(Rudali et al., 1957).
Unfortunately so far there are no comparative data
on the antigenic properties of various viruses of
mouse leukaemia. The Friend virus evidently differs
immunologically from some other mouse-leukaemia
viruses (Friend, 1959).
A very interesting fact, for which so far no explanation has been found, is the necessity for the presence
of the thymus for the occurrence of leukaemia induced by the Gross virus (Levinthal et al., 1959) and
also by chemical carcinogens and irradiation;
removal of the thymus sharply reduces the incidence
of leukaemia from these agents. The implantation
of a thymus in thymectomized mice restores their
sensitivity to leukaemia (Law, 1959). In more
lengthy observations of thymectomized mice injected
with the Gross virus (which induces lymphatic
it was found that after 12-16 months
leukaemia),
LEUKAEMIA OF MICE AND RATS
leukaemia of the myeloid type occurs and in some
The role of viruses in the etiology of mouse cases chloroleukaemia (Gross, 1960). Thymectomy
leukaemia has been studied particularly intensively does not noticeably reduce the sensitivity of mice to
of recent years. As a result, the viral etiology of the Friend virus (Metcalf et al., 1959).

visceral lymphomatosis (RPL 12), passaged several
times in chfckens, when injected into one- or twoweek-old White Leghorn chickens caused typical
erythroblastosis in some, visceral lymphomatosis in
others, and in a few fibrosarcomas, myxosarcomas
and haemangiomas; at the same time large doses
almost always caused erythroblastosis and small
doses lymphomatosis (Burmester et al., 1959). The
erythroblastosis virus caused multiple adenocarcinomas of the kidneys when Brown Leghorn chickens
less than two weeks old were inoculated with it
(Carr, 1956).
The question arises whether all these diseases are
caused by the fowl lymphomatosis or erythroblastosis virus or by other viruses produced together
with them. At the present time, now that it has been
proved that the Rous sarcoma virus can cause
disease even in mammals (Zilber, 1961a) and that
polyoma virus induces the formation of quite
distinct tumours in six species of animal, it seems
most probable that the fowl leukosis viruses are also
pluripotential, but this problem needs further investigation. The occurrence of a particular form of
illness is possibly connected with the physiological
condition of the organism and its individual tissues
and also with the dose of infection. The fowl leukosis
viruses are a group of viruses very similar in a number of properties and related not only to one another
but also to the fowl sarcoma virus (Beard, 1957).
(2) Fowl leukosis often occurs in chronic form,
and in addition the virus may be latent in the avian
organism for quite a long time, sometimes for the
whole life of the bird, without causing any disease.
The study of the conditions in which this peculiar
kind of symbiosis is disturbed and frank neoplastic
disease occurs is of special importance and should be
the subject of research in the very near future.
In brief, it may be said that the role of viruses in
the etiology of spontaneous fowl leukosis has been
accurately demonstrated and that the causative
agents of these diseases are a group of related viruses
which may remain in the avian organism for a long
period in a latent state. Some of them may be
transmitted through eggs from generation to generation and may spread by other pathways like infective
viruses.
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TABLE 1
PROPERTIES OF MOUSE LEUKAEMIA VIRUSES a
Author

Origin

Size of
particles

(m~&)

Newborn

Sensitivity
Adult

Lines

Neoplastic
cell

(type)

Gross (1951)

AK, C58
(spontaneous
leukaemia)

60-150
(3 types)

62-100

44-60

C3H, C3Hf
(Bittner)

Lymphold

Schoolman

C3HeB, Swiss
(spontaneous
leukaemia)

-

_

15-100

Swiss and C3H

Lymphoid
(sarcoma)

Graffl
(1957)

Sarcoma I,
Sarcoma i,
SOV 16, Ehrlich
carcinoma,
Sarcoma 37

70

70

25

Agnes Bluhm
sg, db, (rats)

Myeloid

Friend
(1957)

Ehrlich
carcinoma

78

-

85-100

Swiss, DBAI2

Kaplan
(1959)

(X-irradiated)

C57BL/Ka

_

Moloney
(1960)

Sarcoma 37

Mazurenko

Induction in micel
by means of
vaccinia virus

et al. (1957)

(1960)
a

Reticulum
cell with
blastosis

erythro69

-

C57BL/Ka,
compatible

Lymphoid

BALB/c, C3H,
C3Hf, I, C57BL,
DBAj2, R IlIl,
Swiss, A/LN,
F, hybrids, (rats)

Lymphoid

F. hybrids

99-110
(extracellular)

-

100

100

50

88
[_

|CC57Br, CC57W,| Haemocytoblast, retiC3H, C57BL

I

culum cell

After Moloney (1960) with additional material.

Observations determining the pathways of transmission of some forms of leukaemia in mice are very
interesting. It has been demonstrated that in mice of
the high-leukaemia lines C58 and AK the virus is
transmitted from one generation to another. " Vertical" transmission of this kind was not discovered
in every case and the results vary in accordance with
the degree of susceptibility of the lines of mice used
in the experiments (Gross, 1955). (According to
some data mice infected with Gross virus can prove
contagious to healthy mice (Jullien & Rudali, 1961).)
When a very virulent strain of virus was used, it was
observed that almost all the untreated progeny of
female C3H mice given this virus contracted lymphatic leukaemia at the age of 4-5 Y2 months (Gross,
1961). Wider and more detailed study of this problem is highly desirable, using various leukaemic
viruses on many generations of various lines of mice.

Some leukaemic viruses of mice have proved able
to induce leukaemia in rats also. Thus cell-free
filtrates of lymph-nodes of mice infected with the
Graffi virus and suffering from chloroleukaemia
induced leukaemia 3-5 months after being injected
in the brain of newborn rats (Graffi & Gimmy, 1958).
The myeloid leukaemia which was observed in these
experiments could be passaged in rats by means of
cell-free filtrates and was transferred to mice by
injecting them with cell-free rat material (Gimmy &
Graffi, 1959).
The Moloney virus has also proved pathogenic for
rats (Moloney, 1960). Erythroleukaemia in rats has
also been induced by a filtrate of rat carcinoma
(?;vec et al., 1957).
All these and other findings leave no doubt of the
fact that mouse and rat leukaemia can be induced,
and under natural conditions are actually induced, by
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viruses. A great deal of work remains to be done on
comparative study of these viruses (which are perhaps variant forms of one or two viruses), studying
the mechanism of their action, the pathogenesis of
the diseases they cause, the role of the thymus and
the numerous factors which promote or hinder the
manifestation of pathogenicity by the viruses, but
their role in the causation of mouse leukaemia can be
considered proved. Apparently leukaemia in cattle
might also be caused by viruses (Gotze et al., 1956).
However, leukaemia in mice and other animals
occurs as a rule also when other factors are brought
to bear, such as carcinogenic substances and radiation. Do viruses play a role in the occurrence of such
leukaemias ?
RADIATION-INDUCED LEUKAEMIA

It was suggested long ago that various carcinogenic
factors establish conditions for the manifestation of
pathogenicity by tumour viruses which have been
latent in the organism for a long time. Fifteen years
ago experiments were described in which a viral
agent was revealed in rabbit and mouse tumours
induced by a chemical carcinogen in the early stages
of their growth and was not found in mature
tumours (see Zilber, 1961 b). These experiments provided a basis for the hypothesis that the virus hereditarily transforms a normal cell into a tumour cell and
that the tumour thereafter develops independently of
whether the tumour cells continue to yield the virus
or whether it disappears from them as a result of
masking or other causes.
The discovery of the transmissibility through filtrates of leukaemia induced in mice by X-rays (Gross,
1958, 1959; Lieberman & Kaplan, 1959) was an important step forward in the study of this question.
Cell-free extracts of leukaemic tissues of mice in
which leukaemia had arisen as a result of irradiation
proved capable of inducing leukaemia in some cases
in mice of non-leukaemic lines, and it was possible to
passage the disease serially in cell-free extracts and
filtrates of leukaemic tissues. Cross-neutralization
experiments with the sera of rabbits immunized with
the Gross virus and the agent discovered in the
irradiated mice showed that these viruses were
closely related.
These experiments showed that irradiation " activates " the Gross virus, which is present in the mouse
organism in latent form. It is interesting to note that
in these experiments the " activation " of another
viral agent, the parotid tumour virus (polyoma virus),
was observed.

These materials are insufficient for general conclusions to be drawn, but they do provide a basis for
asserting that at least in some cases chemical and
radiation carcinogenesis is not direct and unmediated, but depends on the " activation" of latent
viruses. It is quite possible that the radiation in these
experiments acts not on the virus at all but on the
organism, changing the physiological condition of
the cells and thus enabling the virus to induce their
transformation into leukaemic cells. For that reason
it would be preferable to refrain for the moment from
using the term " virus activation " and to speak of
conditions enabling the virus to realize its pathogenic
potentialities.
Indirect carcinogenesis has, so far, been very little
studied. Maximum attention should be devoted to
this problem, since its solution, in one way or
another, can provide essential facts for evaluating the
true mechanism of carcinogenesis due to the most
varied factors. The use of animals free from bacteria
(and viruses, if such are obtained) can be very useful
for these researches.
LEUKAEMIA IN ANIMALS INDUCED BY INJECTION OF
MATERLAL FROM HUMAN BEINGS SUFFERING FROM
LEUKAEMIA

Enough material has now been collected to show
that the administration of leukaemic material from
human leukaemia patients and human tumours induces leukaemia, tumours and some other diseases
in mice and rats. These data are set forth in tabular
form in Table 2, which includes only those works the
results of which can be considered positive to any
degree.
On examination, the striking feature is the considerable variations in the data obtained. Thus, in
the experiments by Bergolz (1958), in mice given cellfree extracts of human leukaemic tissues, it was
almost entirely leukaemia that developed, whereas
in experiments by Grace et al. (1961), when similar
material was administered, it was mammary-gland
cancer that developed. In some cases research
workers have not been able to reproduce their findings. Thus, Medvedev (1949) reported the possibility
of transferring human mammary-gland cancer to
mice by using nucleoprotein fractions. However,
later in similar experiments (1960) he could not reproduce these findings. Pames & Suntsova (1959),
in our laboratory, reported the transmission of
human leukaemia to non-inbred mice in cell-free
filtrates, but similar experiments by other members
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TABLE 2
TRANSMISSION OF HUMAN TUMOUR DISEASES TO ANIMALS
Materials

Animals

Chickens
Guinea-pigs
Guinea-plgs
Mice of low-leukaemic
lines
sues
Rats
Leukocytes and bone marrow from leukaemia patients
Mice
Blood of leukaemia patients

Blood of leukaemia patients
Blood of leukaemia patients
Blood of leukaemia patients
Extracts and flltrates of leukaemic tis-

Protein fraction of mammary-gland

Diseases caused

Author

Osteopetrosis
Histiocytic proliferations
Erythromyelosis, lympholeukosis
Haemocytoblastosis, myelosis

Thiersch (1945)
Magrassi et al. (1951)
Mas y Magro (1952)
Bergolz (1958)

Reticulosis

klman & Veseli (1957)

Leukaemia

Parnes & Suntsova
(1959)
Medvedev (1949)

Mice of low-cancer line

Mammary-gland cancer

Mice of low-cancer line

Increase In frequency of occurrence
of tumours
Mammary-gland cancer

Volfson et al. (1957)

Mammary-gland cancer,

Moore (1960)

cancer

Salt extracts of tumours in various
localizations
Extracts from leukaemic and tumour
tissues
Cell-free tumour extracts
Extracts of lymphosarcomas and myelold leukaemia

Mice of low-cancer line
Mice
Mice

of the laboratory team (Postnikova & Medvedev 1)
on inbred mice of non-leukaemic strains did not give
positive results. This variety of results is apparently
due to some extent to the use of different lines of mice
for the experiments. A similar assumption arises
from the experiments by Dmochovski et al. (1960),
in which it was shown that the injection of cell-free
extracts in newborn mice induces tumours at very
different rates, from 4 % to 31 %. Similar variations
were encountered when extracts of normal tissues
were injected. The over-all percentage of leukaemia
and tumours occurring in various lines when leukaemic human material was injected (2265 mice) and
normal tissue (859 mice) was identical, at 9%.
In the experiments by Moore (1960) the differences
observed between the experimental and the control
mice were not statistically significant.
Evidently the nature of the leukaemic material
also has some importance. At least a majority of
authors note that material taken from acute forms of
leukaemia is considerably more active.
Unfortunately animal leukaemia arising after the
injection of human leukaemic material has not been
subjected to study in any detail at all. No one has

1Experiments for the study in animals of the leukaemo genic activity of the blood of leukaemia patients (to be
published).

lymphosarcoma
Mammary-gland cancer, parotid

tumours, sarcomas and leukaemia

Grace et al. (1961)

Burton et al. (1959)

tried to determine its true etiology, which today it
would be quite possible to do. If it turned out that
these forms of leukaemia are caused by one of the
mouse leukaemia viruses already known, it would be
clear that the injection of human tissue extracts
provokes leukaemia on the basis of the latent animal
virus. Research is also needed on the cross-neutralization of mouse and assumed human viruses with sera
of human patients and leukaemic mice (even heterologous sera) taken at the initial stage in the disease
when the damage to the haematopoietic system is
still insufficient to suppress antibody formation.
Attempts to isolate leukaemic virus in cultures of
various tissues have been unsuccessful (Grace et al.,
1961).
The research described has not settled the problem
of the etiology of human leukaemia and has not
resulted in isolation of a virus which could be studied
as an etiological factor. At the same time it makes it
possible to assume that in leukaemic and tumour
tissues of human beings there may be some agent or
substance which affects the frequency of appearance
of leukoses and tumours in animals. Research on
the nature and mechanism of action of such an agent
or substance is of obvious interest.
However, the viral etiology of human leukaemia
continues to remain highly probable. Spontaneous
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leukaemia in animals of various species is induced by whereas injection into newborn mice of RNA from
viruses. It would be a biological paradox if the the same tissue caused leukaemia in 10 %. Treatment
etiology of spontaneous human leukaemia proved with ribonuclease destroyed this property (Bielka &
different in principle from the etiology of animal Graffi, 1959).
leukaemia and if in nature there were not leukaemic
Preparations of RNA from the lymph-nodes of
viruses which could adapt themselves to the human human beings who had died of leukaemia also
organism. Evidently to study the etiology of leukae- brought about the occurrence of mesotheliomas and
mia and other neoplastic diseases new lines of other tumours in newborn mice of the C3H line, in
research are necessary, which we shall discuss in (C3H x Af)F2 hybrids, in Swiss mice and in others
brief below.
(Lacour et al., 1960). These preparations did not give
the usual reactions to protein. They were concentrated to a content of 1000 ,ug of nucleic acid in 1 ml. The
tumours found in the mice were successfully transSTUDY OF NUCLEIC ACIDS FROM LEUKAEMIC
planted both as solid and as ascitic tumours. They
AND TUMOUR TISSUES
were quite malignant. Extracts containing RNA
In 1956 Gierer & Schramm and, almost at the same from ascitic tumours caused tumours in newborn
time, Fraenkel-Conrat (1956) found that ribonucleic and young mice.
There are also data showing that preparations of
acid (RNA) isolated from tobacco mosaic virus
possesses infective properties and can cause the ribonucleic acid isolated from human tumour
disease in healthy plants, although only in a small per- material by the fluorocarbon method brought about
centage of cases. This research opened up new pros- a cytopathogenic effect in human amniotic cultures
pects in biology and genetics and served as a basis and that this effect increased in serial passages.
for the study of the infectivity of nucleic acids in These cultures caused leukosis and pleomorphic
other viruses. At the present time it has been estab- tumours in Swiss mice and in DBA/2 mice (De
lished that the nucleic acids of many infective viruses Carvalho, 1960).
In most of the experiments described the nucleic
(in some cases RNA, in others DNA) are infective
(see Colter, 1959). Infective RNA can be obtained acid preparations used were not pure preparations of
even from incomplete virus (Brown & Stewart, RNA and there was no investigation of the effect on
them of ribonuclease in order to determine the
1959).
It is quite natural that similar experiments were causal connexion between their carcinogenic activity
set up with nucleic acids isolated from leukaemic and and their RNA content. In addition, it is possible
tumour tissues affected as a result of viruses and of that in some cases the injection of such substances
could have " activated " latent mouse viruses. This
other factors.
It was demonstrated that the injection into mice supposition finds some support in a very small series
of various lines of DNA and RNA preparations of observations in which the injection of nucleic acid
isolated from leukaemic and non-leukaemic organs from normal fish sperm caused the occurrence of
in mice of the high-leukaemic AKR line induces a tumours (Meek & Hewer, 1959).
leukaemic process (Hays et al., 1957). In hybrids
Attempts to discover infectivity in RNA isolated
of (C3H x AKR)F1 mice leukaemia developed in from the Rous virus have been unsuccessful.
35.4 % after an average of 11.4 months. However, in
Recently a report has appeared (Di Mayorca et al.,
control animals not subjected to any sort of treat- 1959) on the infectivity of DNA isolated from a
ment, leukaemia was noted in 7.7 %, while experi- tissue culture of mouse embryo tissue infected with
ments with mice of the C3H line gave negative SE polyoma virus. The preparations of nucleic acid
results. In mice of the C57Br/cd line given nucleic were introduced into the cultures after treatment
acids, no disease occurred but spontaneous leukae- with either ribonuclease or deoxyribonuclease.
mia was found in 3.3 %.
A cytopathogenic effect was observed from the 14th
Other research workers also have reported the to the 28th day following the introduction of the
possibility of inducing leukosis in mice by means of nucleic acid into the culture, and when inoculated in
RNA isolated from leukaemic mouse material hamsters the liquid from these cultures in all cases
(Latarjet et al., 1958; Latarjet, 1960).
brought about the appearance of tumours between
DNA isolated from the tissue of mice suffering 18 and 28 days after inoculation. These results were
from chloroleukaemia did not induce leukaemia, observed only with cultures into which nucleic acid
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treated with ribonuclease had been introduced. The
cultures into which nucleic acid treated with deoxyribonuclease had been introduced had no carcinogenic activity, and no cytopathogenic effect was
observed in them. Nucleic acid isolated from
cultures of mouse embryo tissue not infected with
nucleic acid proved completely negative.
These data show sufficiently clearly that DNA
isolated from tissue cultures infected with polyoma
virus is capable of transforming normal cells into
tumour cells. Similar results have been published in
regard to DNA from rabbit papilloma tissue (Ito,
1960).
In evaluating this material it must be remembered
that even in those experiments in which leukoses were
observed in mice after the injection of nucleic acid,
they were not studied in any detail and were not
accurately identified with the mouse leukoses used
to obtain the nucleic acids. The occurrence of
tumours in such experiments might be due to the
presence in the leukaemic mice of polyoma virus, the
DNA of which possesses carcinogenic properties.
In a number of experiments there were no checks on
the possible presence of viral particles in the preparations of nucleic acid (they could have been neutralized by the corresponding immune serum), and in
others there were no data on the destruction of the
biological activity of nucleic acids by the corresponding enzymes. This makes it impossible to draw conclusions concerning the leukaemogenicity or carcinogenicity of nucleic acids isolated from the tissues of
mice suffering from leukaemia.
Nor is it any more possible to draw conclusions
concerning the biological activity of preparations of
nucleic acids from human and neoplastic tissues.
The material available needs confirmation and further detailed development.
In contrast to this, data on the biological activity
of DNA isolated from tissues infected with polyoma
and Shope virus seem quite convincing. They
provide a hope that in other neoplastic diseases
also conditions will be found for isolating and testing
nucleic acids in which their biological activity can be
ascertained.
The above shows that the methods used have not
given convincing proof of the viral etiology of human
leukaemia, although the probability of the viral
theory being correct is quite high. To attempt to
find out the reasons for this lack of success it is
necessary to discuss some problems of the pathogenesis of neoplastic diseases and the possible mechanism
of action of tumour viruses.
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THE POSSIBLE MECHANISM OF ACTION
OF NEOPLASTIC VIRUSES

Reference has been made above to the hypothesis
according to which a virus hereditarily transforms a
normal cell into a tumour cell and takes no substantial part in the growth of the tumour. Numerous
data now provide confirmation of this hypothesis
(Zilber, 1961b). Study of virus/cell interrelationships
in vitro shows that in some cases the virus bringing
about the transformation into tumour cells is not
discovered in the transformed cells.
For example, this was the result obtained in studying the multiplication of polyoma virus in cultures
of hamster embryo tissue (Vogt & Dulbecco, 1960;
Irlin & Zilber, 1962). Where does it go to? Today
many research workers put forward an analogy between the transformation of tumour cells and the
phenomenon of lysogeny (see Cancer Res., 1960).
These phenomena do in fact have much in common.
Hamster embryo tissue transformed into tumour
tissue under the influence of polyoma virus not only
ceases to yield virus but even becomes resistant to a
second inoculation of virus, just like a lysogenic
culture. The antigenic structure of tumour cells
differs from that of normal cells, as in lysogenic
cultures.
These and many other facts provide a basis for the
supposition that the nucleic acid of a tumour tissue
is integrated with the genome of a cell which, thanks
to the additional genetic information thus obtained,
hereditarily changes its properties. The transformed
cell in this case may either not yield mature virus at
all or may continue to yield it in various quantities.
In the first case the virus will be present in the
cell only in the integrated form, in the shape of
provirus.
Some experimental data can be interpreted as
contradicting this hypothesis. It has been shown
(Rudali & Reverdy, 1959) that irradiation of newborn mice of the AKR line with X-rays not only does
not intensify the frequency of leukaemia but on the
contrary decreases it, whereas similar irradiation
sharply intensifies the transformation of prophage
into phage in bacteria. In addition, newborn mice
of the AKR strain proved sensitive to infection with
leukaemic virus, whereas bacterial cells containing
prophage are immune to phage.
However, this contradiction is only an apparent
one. The leukaemic virus may be present in prophage form in the newborn mice in a few cells only,
and only these cells must be immune, whereas all the
rest can be sensitive, and the introduction into them
4
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of mature leukaemic virus will cause disease. As
regards the effect of irradiation, this may be different
in bacteria and animal cells. In addition, before the
occurrence of leukaemia, the virus in the organism is
not integrated with the cell genome, but is in latent
form, like vegetative phage, and consequently the
effect of irradiation in such cases will be quite
different from its effect on prophage in a bacterial
cell.
Some other objections to the analogy between the
action of tumour viruses and that of phages have
been presented by Rubin (1961) and Dulbecco (1961).
However, it should not be forgotten that the real
point at issue is not to prove whether tumour viruses
act like phages but rather to determine the mechanism through which the genetic information brought
to the cells by the viruses is acted upon and normal
cells are transformed into cancer cells. The analogy
with lysogeny can be no more than a convenient
model and starting-point for such investigations.
In any case, the possibility of finding the virus in a
formn integrated with the cell genome is worthy of

detailed study. The virus/cell interrelationships in
cultures of leukaemic and tumour tissues should also
be studied.
The conditions under which the nucleic acid of the
virus is integrated with the cell genome should also
be elucidated (above all on the models on which the
biological activity of the nucleic acids has already
been established). The conditions under which
provirus becomes virus in animal cells must be determined. Criteria for transformation capable of
determination in vitro should be devised (e.g., changes in antigenic structure) and the fate and localization of the viral nucleic acids introduced into the
cells should be investigated. Elucidation of all these
problems will be of substantial help in studying the
role of viruses in the etiology of leukosis and other
neoplastic diseases.
The great progress made in the study of the viral
etiology of animal leukaemia during the past few
years provides grounds for hoping that the problem
of the etiology of human leukaemia can also be
solved.

RtSUMIt
Les leucemies aviaires sont les premieres chez lesquelles
on ait demontr6 une 6tiologie virale. L'6rythroblastose,
la my6loblastose et la lymphoblastose visc6rale sont
provoqu6es par des virus apparent6s, mais diff6rant les
uns des autres par leurs propri6t6s enzymatiques. La
transmission des leuc6mies par le filtrat acellulaire de
tissus de souris leucemis6es par les rayons X, ainsi que
d'autres faits, font penser que la leucemigenese n'est pas
directe, mais r6sulte soit de 1'( activation * de virus
latents, soit de conditions physiologiques de l'organisme
permettant la r6alisation du potentiel pathogene du virus.
L'inoculation A I'animal de materiel leuc6mique humain
a provoqu6 des leucemies, des tumeurs, et diverses autres

maladies, mais aucune 6tude d6taill6e n'a ete faite de ces
leuc6mies. Jusqu'A maintenant. aucun virus n'a ete isol6
qui puisse etre consid6r6 comme facteur etiologique des
leuc6mies humaines. Mais l'origine virale de ces dernieres
reste hautement probable.
Pour elucider la question, il faudra emprunter des voies
nouvelles, telles que 1'6tude des propri6tes infectantes des
acides nucleiques provenant de cellules leucemiques, et
celle du r6le de l'irradiation. I1 est possible que le virus
leuc6mique humain soit int6gr6 au g6nome des cellules;
des lors c'est A l'echelle des chromosomes que devront se
poursuivre les recherches.
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