
Transformed cells differ from nor- 
mal cells in a number of other prop- 
erties. Paramount among them is the 

ability of many kinds of transformed 
cells to grow like cancer cells when 
injected into an animal of isologous 
origin. Thus, transformation and can- 
cerization often, but not always,, occur 
simultaneously. It is likely that when 
the two changes do not occur together 
this is because of complicating circum- 
stances. A common complication de- 
rives from the presence of a new sur- 
face antigen in virus-transformed cells. 
I shall not take time to discuss the 
nature of this antigen here and merely 
point out that it causes an immuno- 

logical rejection of the cells in the 

isologous host; sometimes the cells 
grow in x-rayed animals, where the 

immunological responsiveness has been 
lowered (3). 

Normal cells can be transformed 
into cancer cells experimentally by a 

variety of agents which are diverse in 
nature and properties. For instance 
cancer can be induced by radiations, 
which are known to alter the cellular 
DNA; by chemicals which strongly 
bind to proteins; by hormones; by vi- 

ruses; or even by completely inert sub- 
stances, such as plastic films inserted 
under the skin. The diversity of these 

agents suggests that they induce cancer 
by altering, through different pathways, 
the same cellular function. 

Viruses are interesting objects for an 

experimental study of cancer because 

many aspects of their interaction with 
the cells are fairly well understood. 
Furthermore, viruses are the only 
agents with which it has been possible 
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so far to induce cancer in cultures of 
dispersed cells maintained in vitro, an 
obvious advantage from a method- 

ological point of view. This article is 
mainly concerned with the effects of 

cancer-producing viruses on cells culti- 
vated in vitro; some relevant results 
obtained in the animal are also dis- 
cussed. 

Transformation 

When normal cells are infected by a 

cancer-producing virus, some of them 

undergo, in one or more steps, a char- 
acteristic change called transformation 
(1). A similar-so-called spontaneous 
-transformation can occur, in the ab- 
sence of virus infection, in cell cultures 
kept under growing conditions in vitro 
for a long time (2, 3). 

An understanding of the nature of 
the changes involved in the transfor- 
mation can be gained from compara- 
tive in vitro studies of normal cells and 
of cells which have reached an ad- 
vanced stage of transformation. For 
these studies the cells are grown in 

glass or plastic dishes in contact with 
the solid substrate and immersed in a 

liquid nutrient medium. Under these 
conditions normal cells grow rapidly 
until the solid substrate is covered by 
a continuous layer of cells, often of 
the thickness of a single cell (mono- 
layer); then growth stops. It is evident 
that the cessation of growth is not 
caused by exhaustion of the nutrients 
in the medium, since growth does not 

begin again if more nutrients are 
added. Growth reoccurs if the cells are 
detached and transferred in more 
diluted concentration to a new dish, 
where they are not in contact with 

each other; or, simply, if part of the 
monolayer is mechanically removed. 
Therefore, it appears that cessation of 
growth is caused by regulatory mech- 
anisms which are sensitive to the estab- 
lishment of reciprocal contacts be- 
tween cells. 

The cell surface appears to be the 
sensor that detects the contact. This is 
suggested by the phenomenon of con- 
tact inhibition (4), revealed by micro- 
cinematographic studies of cultures of 
normal cells. As shown by these 
studies, the cells move around and 
their contours have a continuous un- 
dulating motion. The undulating mo- 
tion is immediately arrested when the 
margin of one cell touches another 
cell. The exact relationship between 
contact inhibition-that is, cessation of 
movement on contact-and cessation 
of growth when the monolayer is 
formed is not known; however, there is 
reason to believe that the two phenom- 
ena are intimately interrelated. These 
phenomena demonstrate the existence 
of regulatory mechanisms based on 
cell-to-cell contact. 

The behavior of transformed cells 
under the same conditions is totally 
different. Such cells continue to grow 
after they have constituted a mono- 
layer, and they form thick multilay- 
ered sheets. In microcinematographs 
they show little or no contact inhibi- 
tion. Therefore, in the transformed 
cells, either there is no regulation of 
cell multiplication and of cell move- 
ment or the regulatory mechanism is 
ineffective. 

Transformed cells differ from nor- 
mal cells in a number of other prop- 
erties. Paramount among them is the 
ability of many kinds of transformed 
cells to grow like cancer cells when 
injected into an animal of isologous 
origin. Thus, transformation and can- 
cerization often, but not always, occur 
simultaneously. It is likely that when 
the two changes do not occur together 
this is because of complicating circum- 
stances. A common complication de- 
rives from the presence of a new sur- 
face antigen in virus-transformed cells. 
I shall not take time to discuss the 
nature of this antigen here and merely 
point out that it causes an immuno- 
logical rejection of the cells in the 
isologous host, sometimes the cells 

grow in x-rayed animals, where the 
immunological responsiveness has been 
lowered (3). 

The decreased response to regula- 
tory influences that is characteristic of 
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transformed cells has made it possible 
to develop methods for assaying the 

transforming titer of virus prepara- 
tions. In fact, in a monolayer culture 
the transformed cells that arise after 
virus infection grow to form easily rec- 

ognizable colonies, called foci. Statisti- 
cal considerations show that a focus 
is produced by a single virus particle 
(5, 6); thus, the number of foci is a 
measure of the transforming titer of 
the virus. 

Charactertistics of 

Cancer-Producing Viruses 

There are two main types of cancer- 

producing viruses, differing profoundly 
in composition, structure, and biologi- 
cal properties. The viruses of one 

group contain RNA as the genetic ma- 

terial, the viruses of the other group 
contain DNA. The RNA-containing 
viruses produce leukemias and solid 
tumors in chickens and rodents. They 
have a complex structure that also 
characterizes certain viruses, such as 
the influenza virus, which do not pro- 
duce cancer. In these RNA-containing 
viruses the RNA is surrounded by pro- 
tein units arranged in the form of a 
helix, which is folded and included in 
a membranous, lipid-containing enve- 
lope. The molecular weight of the 
RNA in each particle is about 107 
(see 7) for the viruses of the chicken 
leukosis group. Thus, every virus parti- 
cle may contain about 50 genes, many 
more than are required for governing 
the synthesis of the component pro- 
teins of either the envelope or the 
helix of the virus. This shows that 
these viruses perform many unknown 
functions in the infected cells. In all 
viruses of this structure the outer en- 
velope is synthesized as a part of a 
normal cellular membrane, usually the 
cell surface. When the virus is released 
from the cell, the viral envelope is 

pinched off and separated from the 
cell membrane without destroying its 

continuity. Thus, progeny virus can be 
released without killing the cell. 

The DNA-containing viruses pro- 
duce solid tumors, mainly in rodents; 
one of them produces warts in man. 
These viruses are made up of an outer 
icosahedral shell of protein units, 
which surround the packed DNA; they 
have no membranous envelope. For 
the smallest of these viruses the mo- 
lecular weight of the DNA of one 
particle is 3.5 X 106 (see 8); thus, 
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DNA-containing viruses also have sev- 
eral genes and functions of unknown 
nature. The DNA of polyoma virus, 
which belongs to this group, has a ring 
structure (9), a property whose sig- 
nificance I discuss later. These viruses 

multiply in the nucleus of the cell and 
are released when the cell lyses; there- 
fore, release of progeny virus appears 
to be incompatible with survival of the 
cell. When a cell population is exposed 
to a DNA-containing tumor-producing 
virus, some cells die and produce virus, 
others are transformed. The propor- 
tions of cells that show one or the 
other type of response differ greatly in 
different cell systems. For instance, for 

polyoma virus, in cultures of mouse 

embryo cells the lytic titer is about a 
million times higher than the trans- 

forming titer, but in cultures of cells 
derived from hamster or rat the two 
titers may be comparable; under some 
conditions there may be no lytic re- 

sponse of the cells (6). The large vari- 

ability in the ratio of the two titers in 
different cell systems is caused by vari- 
ability in the proportion of cells that 
show a lytic response; the proportion 
of cells that undergo transformation is, 
on the contrary, much less variable. 

Characteristics of the 

Transformed Cells 

An interesting generalization can be 
made about the state of differentiation 
of the transformed cells in relation to 
the type of the transforming virus. 
Cells transformed by DNA-containing 
viruses in the last stage of transforma- 
tion are in a low state of differentiation 
and sometimes essentially undifferenti- 
ated. For instance, the cells which arise 
in vitro after transformation by polyoma 
virus or SV40 virus are usually fusi- 
form or star shaped; the cells present 
in the tumors induced in hamsters by 
these viruses, as well as by adenovirus, 
are similar in shape. On the other 
hand, cells transformed by RNA-con- 

taining viruses are in most instances 
highly differentiated (10). For exam- 
ple, the transformed cells produced by 
viruses of the chicken leukosis group 
include many different types of blood 
cells, antibody-forming cells, and cells 
of various tissues, as in kidney tumors. 
An important exception are cells trans- 
formed by the Rous sarcoma virus, 
which are not differentiated but are 
either fusiform or round. 

The relationship of virus type to the 

state of differentiation of the trans- 
formed cells reflects the morphogenetic 
power, either positive or negative, of 
the virus, since the state of differentia- 
tion changes after the cells are infected 

by the virus. For example, the differ- 
entiation of myeloblasts from embry- 
onic cells infected by the myeloblas- 
tosis virus in vitro is well documented 
(11). Equally clear is the loss of differ- 
entiation of the polygonal, pigmented 
cells of the iris epithelium infected by 
the Rous sarcoma virus (12); they be- 
come transformed into pigment-free 
elongated or round cells. There is clear 
evidence in the latter case that the loss 
of differentiation is due to the morpho- 
genetic action of the virus, since one 
mutant type of the virus causes the 
formation of round cells and another 
mutant type causes the formation of 
fusiform cells (13). 

Significance of Differentiation 

The significance of the relationship 
between transformation and differen- 
tiation can be evaluated by examining 
some current ideas about differentia- 
tion. During the development of an 

organism from the fertilized egg, more 
and more specialized cells appear as a 
function of the time after fertilization. 
The specialization of the cells is caused 

by specific molecules, essentially pro- 
teins, which are synthesized in the cells 
on specification of certain structural 

genes. Thus, differentiation is the ex- 

pression, at a certain biological time, 
of structural genes which were pre- 
viously inactive. 

The time-dependent expression of 

gene function is the consequence of 
the operation of regulatory mecha- 
nisms. The operation of regulatory 
mechanisms affecting gene expression 
is now well understood, on the basis 
of studies carried out in bacteria (14). 
In these organisms regulation occurs 

through the synthesis of specific intra- 
cellular repressors, which are made by 
regulator genes and which block the 

expression of the structural genes. Only 
when a repressor is not made can the 

corresponding structural gene be ex- 

pressed. In bacteria, the production, or 

interruption of the production, of re- 

pressors is under the control of spe- 
cific controller substances, of small 
molecular weight and of many kinds, 
which come from the outside. 

The expression of structural genes in 
animal cells is believed to be also reg- 
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ulated by specific intracellular repres- 
sors. However, in these cells the mech- 
anism for the control of repression 
may differ in an important way from 
the mechanism in bacteria. The con- 
troller substances for a limited num- 
ber of functions of animal cells have 
been found to be of small molecular 

weight and diverse nature, like those of 
bacteria. But for many other functions, 
and perhaps the most significant ones 
for differentiation, the controller sub- 
stances are fairly large molecules, be- 

longing to a few classes. Among them 
we find hormones, of which many are 
steroids and some are proteins, we find 

growth factors, such as the protein 
which controls the growth and survival 
of certain cells of the nervous system 
(15); we find the protein antigens, 
which elicit a specific antibody response. 

The site of action of these control- 

ling substances is not known. An inter- 

esting possibility is that they act on the 
cell surface. In all instances the cell 
surface is responsible for selecting and 

accumulating molecules and ions in the 

cell, through the action of specific 
permeases. Controller substances could 
act by altering in a specific way the 

permeability of the cell surface and 

by thus altering the regulator genes 
through changes in the composition of 
the intracellular milieu. Cell-to-cell 
contacts could have a regulatory in- 
fluence of similar nature. 

Another important aspect of differ- 
entiation is the fact that the controlling 
substances can induce a certain type of 
differentiation only by acting on cells 
which have already reached another, 
well-determined, stage of differentia- 
tion. Thus, differentiation is a sequen- 
tial process which occurs according to 
instructions that are coded in the ge- 
netic material of the cells. 

In view of these considerations the 

ability of most RNA-containing viruses 
to cause transformation of cells to 
cancer cells and, at the same time, to 
induce a well-defined stage of differen- 

tiation is a remarkable event; it shows 
that these viruses alter the program- 
ming of the instructions coded in the 

genetic material of the cells without 

disrupting the coordination of the cells. 

Thus, these viruses must cause a spe- 
cific and functionally well circum- 
scribed change in the cell. On the other 

hand, the production of undifferenti- 
ated cancers by DNA-containing vi- 
ruses and by the Rous sarcoma virus 

implies that these viruses cause more 

profound, or less circumscribed, func- 
tional disturbances. 
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Mechanism of Action of 

Cancer-Producing Viruses 

RNA-containing viruses. In cells 
transformed by RNA-containing vi- 
ruses, the viral RNA is present all the 
time. In most cases this is shown by 
the continuing production of progeny 
of the transforming virus. Cells trans- 
formed by the Rous sarcoma virus are 
exceptional in this respect, since under 
certain conditions they totally fail to 
produce infectious virus progeny. This 
is because the Rous sarcoma virus is 
defective: by itself it is unable to give 
rise to infectious virus because of fail- 
ure to synthesize some component of 
the viral envelope (16). The presence 
of the viral RNA in the transformed 
cells can, however, be demonstrated by 
infecting them with a related "helper" 
virus, which supplies the missing com- 
ponent and thus permits synthesis of 
infectious Rous sarcoma virus particles 
(16, 17). 

The state of the viral RNA in the 
transformed cells is not known. Since 
at every cell division many RNA 
copies are made, the RNA must multi- 
ply at a higher rate than the cells, and 
therefore autonomously. On this basis 
it is tempting to conclude that the as- 
sociation between the viral RNA and 
the cell is determined statistically. If 
this were the case, the transformed 
cells should occasionally segregate cells 
that did not contain the viral RNA. In 

many cases the existence of such segre- 
gants would be difficult to demonstrate 
because the cells could be reinfected 

by virus produced by other cells; how- 
ever, they could be detected with cer- 

tainty among the progeny of cells 
transformed by the Rous sarcoma virus 
in the absence of helper virus. These 
cells cannot become secondarily in- 
fected because infectious Rous sarcoma 
virus is not produced in the cultures. 
Under these conditions, no virus-free 

segregants have been observed (18). 
Since these investigations have been of 
limited scope, the result does not in- 
validate the statistical hypothesis. It 

does, however, raise the question of 
the possible existence of a more stable 
association of the viral RNA with the 
cells. 

Owing to the continued presence 
and reproduction of the viral RNA, 
viral components are continuously pro- 
duced in cells infected by RNA-con- 

taining viruses. Some of these com- 

ponents become incorporated in the 
cell surface; we know that this includes 
not only constituents of the viral en- 

velope but other viral components as 
well, since cells transformed by the 
Rous sarcoma virus have a new anti- 
gen in their surface, irrespective of the 
presence of a helper virus (19). These 
modifications of the cell surface are 
likely to affect its function; in view of 
the significance of the surface for the 
state of regulation of the cell, it seems 
likely that both the growth and the 
state of differentiation of the cell may 
be affected. 

It is possible, therefore, to attribute 
the cancer-producing action of certain 
RNA-containing viruses, at least in 

part, to the special constitution of the 
components that these viruses intro- 
duce in the surface of the cell. 

Two characteristics of the differen- 
tiation which takes place in cells trans- 
formed by these RNA-containing vi- 
ruses can be explained along these 
lines. (i) The state of differentiation 
induced by the virus corresponds to 
the normal developmental capabilities 
of the cells which are infected. For 

instance, with the myeloblastosis virus, 
myeloblasts are produced in vitro from 

embryonic cells which normally give 
rise, in later development, to cells of 
the granulocitic hemopoietic series; 
plasma cells are induced from cells of 
the bursa of Fabricius, which are their 

regular precursors (20); also the de- 

velopment from the kidney of tumors 

composed of many tissues can be at- 
tributed to latent differentiative prop- 
erties of some cells of the kidney 
(21). Thus, the differentiation induced 

by the virus is abnormal only because 
it takes place in the absence of the 
normal controlling substances. This 
result could be explained by assuming 
that a cell which has viral components 
in its surface can, under certain condi- 
tions, recognize as specific controllers 
of differentiation substances which nor- 

mally do not have that function. (ii) 
The type of virus-induced differentia- 
tion is dependent to some extent on 
the type of virus. This influence of the 
virus can be explained by assuming 
that the incorporation in the cell sur- 
face of viral components of different 
structure gives rise to different types 
of functional alterations. 

The production of undifferentiated 
cells by the Rous sarcoma virus may 
depend on the defectiveness of the 
virus. It is conceivable that compo- 
nents of this virus cannot be incor- 

porated regularly in the cell surface; 

they may therefore give rise to un- 

usually large functional changes. These 
would destroy the fine balance required 
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for maintaining a state of advanced 
differentiation. 

DNA-containing viruses. The DNA- 
containing viruses cause transformation 
of the cells in two or more steps; in 
each step the transformed cells have 
different characteristics (the succession 
of steps is called a progression). In 
the initial step the cells retain many of 
the properties they had before infec- 
tion, but they are partially released 
from the regulatory constraints which 
limit growth; they are not yet cancer- 
ous. In the second step they acquire 
cancerous properties. An example of 
this progression is the formation of 
papillomas in the skin of rabbits in- 
fected with the Shope papilloma virus. 
The papillomas are benign warts made 
up of a basal and a keratinized layer 
similar to those of normal epidermis, 
but thicker. The cells of the papil- 
lomas show some abnormalities, such 
as a new virus-induced antigen (22) 
and a new arginase (23). Cancers 
arise from most of these papillomas 
after a sufficient length of time. 

The transformation that follows in- 
fection with DNA-containing viruses 
has been followed in a more direct 
way by studying the transformation of 
hamster embryo cells by polyoma virus 
in vitro (24). These studies show that 
in the first step, which immediately 
follows the infection, the transformed 
cells have increased growth ability but 
are not greatly altered in morphology. 
It is evident that these cells do not 
have cancerous properties, since they 
do not grow as cancer cells in the 
animals. The cancer cells arise later, 
after a number of cell generations. It 
is interesting to note that many chro- 
matid breaks occur in the cells during 
this intervening period, and that the 
cancer cells often show alterations in 
the structure or number of their chro- 
mosomes. From the association of 
these phenomena it appears likely that 
the chromosomal alterations are the 
consequences of the chromatid breaks. 
There may be chromosomal alterations 
in all the transformed cells which reach 
the final, cancerous stage, although in 
some cases they may not be noticeable. 

Thus, it seems that with the DNA- 
containing viruses the formation of 
cancer cells is a process in which 
structural alterations of the cellular 
DNA take place, perhaps through the 
activity of virus-induced enzymes. It is 
understandable that the permanent and 
often gross alterations of the genetic 
material of the cells in the later step 
of transformation disarrange the coor- 
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dination of the cellular genes, and that 
these cells are undifferentiated. 

An important problem concerning 
the transformation by DNA-containing 
viruses is the relationship of the trans- 
formed cells to the virus that causes 
the transformation. The transformed 
cells in later steps usually do not con- 
tain the transforming virus in infectious 
form, nor do they produce it after in- 
fection with a helper virus (25). In 
some cases, however, synthesis of in- 
fectious virus occurs in a small pro- 
portion of the cells, as in cultures of 
cells transformed by SV40 virus (26), 
or in some rabbit cancers which derive 
from virus-induced papillomas (27). 
This finding supports the hypothesis 
that the genome of the transforming 
virus is present in a repressed state in 
all the cells transformed by DNA- 
containing viruses; the state of repres- 
sion would, however, vary for different 
viruses, being complete for polyoma 
virus and incomplete for SV40 or pap- 
illoma virus. In all cases, however, 
some genes of the virus must escape 
repression, since the transformed cells 
show novel properties, such as viral- 
specific antigens (28)-not necessarily 
identical to those of the virus particle 
-and, in some cases, the persistent oc- 
currence of chromatid breaks (24). 
Thus, the transformation caused by 
these viruses bears a strong resem- 
blance to the phenomenon of lysogeny 
which occurs in bacteria infected by 
temperate bacteriophages. 

In an effort to define more precisely 
the role of the virus in transformation, 
attempts to directly detect the viral 
DNA in the transformed cells and pos- 
sibly to count the number of molecules 
per cell have been initiated (29). This 
was done by studying the hybridization 
of the DNA of the transformed cells 
with a specific RNA synthesized from 
polyoma DNA in vitro. The results of 
the experiments carried out so far 
show that there are less than five viral 
genomes per cell; it may turn out that 
there is only one, or that there are 
very few, per cell, as in lysogenic 
bacteria. 

significance of circularity in the process 
of integration of the viral DNA in the 
cell. This question is also raised by 
two results of considerable interest re- 
cently obtained with bacteriophages. 
One result is the demonstration that 
the DNA of bacteriophage lambda, 
which can become integrated in the 
cells, circularizes (31), whereas the 
DNAs of several lytic bacteriophages 
do not; this finding suggests that circu- 
larization may be important for inte- 
gration. The other result is the forma- 
tion of a circular, double-stranded 
DNA in bacteria infected by a bac- 
teriophage which contains a single- 
stranded DNA (32). The interest of 
the latter observation is enhanced by 
the special properties of this double- 
stranded DNA: it does not participate 
in the multiplication of the viral DNA 
but, presumably, gives rise to the syn- 
thesis of the RNA, which is the pri- 
mary product of the viral genes. 

These observations suggest that 
circular, double-stranded DNA has im- 
portant specific properties: stability in 
the cells, failure to multiply, as such, 
and functionality. Stability and failure 
to reproduce may be the consequence 
of the lack of free ends, which are 
essential for the action of many en- 
zymes acting on DNA. 

Thus, the circularity of the DNA 
of tumor-producing viruses may be a 
requirement for its integration in the 
cells. It is conceivable that a molecule 
of DNA which remains circular can 
survive unchanged until integration oc- 
curs and, at the same time, cause the 
synthesis of the gene products essential 
for its integration. The integration itself 
would then occur when the DNA 
molecule breaks at one point and im- 
mediately becomes incorporated in the 
cellular DNA. A process of this nature 
has been proposed for the integration 
of the DNA of bacteriophage lambda 
(33). In contrast, linear DNA mole- 
cules could either multiply autono- 
mously and kill the cells or be de- 
stroyed by cellular enzymes. 

Frequency of Transformation 

Circularity of the DNA 

The DNA of polyoma virus has a 
circular configuration, as already men- 
tioned. The DNA of the papilloma 
virus and of related viruses has peculi- 
arities of sedimentation (30) which 
may also derive from circularization. 
This raises the question of the possible 

For both the RNA-containing and 
the DNA-containing viruses the effi- 
ciency of transformation, expressed as 
the ratio of the number of transformed 
cells to the number of infecting virus 
particles, is usually very low, of the 
order of 10-5 or less. An exception is 
the Rous sarcoma virus, which has a 
much higher efficiency. The gener- 
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ally low probability of transformation 
of cells infected by RNA-containing 
viruses shows that the incorporation of 
viral components in the cell surface is 
not sufficient to cause the transforma- 
tion; some other event of rare occur- 
rence must be superimposed. The na- 
ture of this event is not known. One 
can speculate that it is a mutation 
either of the virus or of the cell. Exam- 
ples of a mutation of the first type 
would be mutations which make the 
virus defective but not as defective as 
the Rous sarcoma virus. No such mu- 
tations have as yet been observed; this 
may be because they are difficult to 
observe, since the transformed cells 
would be infected with the nonmu- 
tated virus as well. Examples of a mu- 
tation of the second type would be 
mutations which change the structure 
of a normal surface component of the 
cell; the changed surface, in conjunc- 
tion with the viral component, could 
then cause the alterations of function 
required for transformation. The low 
frequency of transformation with 
DNA-containing viruses can be attrib- 
uted to the low probability that the 
virus will establish a noncytocidal 
complex with the cell and enter into 
the state of integration required for 
transformation. 

Conclusions 

As the foregoing discussion shows, 
the problem of viral carcinogenesis is 
a very complex one. Considerable 
progress has, however, been made in 
several areas. The development of sys- 
tems by which the transformation of 
normal cells to cancer cells can be 
studied in vitro, at the level of the 
individual cells, constitutes an impor- 
tant accomplishment from the point of 
view of methodology. As for the trans- 
formation process itself, the recogni- 
tion that transformation affects in a 
characteristic way the state of differen- 
tiation of the cells may be of consid- 
erable significance. This phenomenon 
suggests that transformation involves 

cellular systems which are responsible 
for differentiation; this in turn permits 
the formulation of hypotheses, such as 
that in which the cell surface is con- 
sidered the link between the two proc- 
esses. Even if the link is a different 
one, the evidence that a link exists 
facilitates the study of the site of action 
of tumor-producing viruses, especially 
of those containing RNA. 

Another point of considerable inter- 
est is the special position among RNA- 
containing viruses of the Rous sarcoma 
virus, in view of its defectiveness. De- 
fectiveness may have a special role in 
transformation, either directly, because 
of the lack of some viral function, or 
indirectly, because of enhancement of 
other functions not affected by the de- 
fect. Thus, the study of transformation 
caused by the Rous sarcoma virus may 
also lead to a better understanding of 
the coordination of the viral functions 
among themselves and with the cellular 
functions. 

Significant evidence has now been 
obtained of a similarity between the 
state of the viral DNA in cells trans- 
formed by DNA-containing viruses and 
the state of prophage in lysogenic bac- 
teria. This evidence brings support to 
a theory which has been repeatedly 
advanced on purely theoretical grounds 
to explain viral carcinogenesis. Some 
characteristics of the cell transforma- 
tion brought about by DNA-containing 
viruses suggest that some of the viral 
genes present in the cells continue to 
function whereas others do not. The 
problem of the regulation of these 
genes thus arises. In cells transformed 
by RNA-containing virus, the state of 
the viral RNA remains unknown; the 
main question here is whether the 
viral RNA can enter into some kind of 
integrated state in the cell. 

Finally, it should be pointed out 
that a major task faces the investigators 
interested in the mechanisms of viral 

carcinogenesis: that of assigning func- 
tions to the many genes present in 

tumor-producing viruses containing 
either DNA or RNA. Undoubtedly 
some of these functions have a direct 

bearing on the mechanism of transfor- 
mation. The identification of these 
functions is important, not only for 
solving the problem of the mechanism 
of viral carcinogensis but in a more 
general way. It seems probable that this 
knowledge would also improve our 
understanding of phenomena involved 
in regulating cell growth and function. 
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