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ABSTRACT 

Addition of a potent promotor l2-0-tetradecanoyl-phorbol-13-acetate 

(TPA) to primary avian tendon orchick embryo fibroblast cells infected 

with a temperature sensitive mutant of Rous sarcoma virus produced a 

complete transformed phenocopy at the non-permissive temperature by the 

. criteria tested. While. normal, uninfected cultures also shifted t.owards 
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a transformed phenotype after TPA additi on, they did not achieve the same 

degree of morphological and biochemical alterations seen in viru,s-infected, 

TPA-treated cells. It is proposed that viral carcinogenesis despite its . 

rapidity, niay occur in two stages: an i'initiation" step caused by integration 

of all or part of the viral genome and a promotion step (itself a multi-step 

process) caused by the activation of the srcgene. The latter could be 

enhanced or replaced by other promoting agents. 



INTRODUCTION 

We have gained tremendous knowledge of the structure and the genetics 

of RNA tumor viruses in recent years (1-3), yet we know relatively little 

about the mechanism(s) of viral carcinogenesis. The early optimism that 

viral-transformation could. provide a simple model for studying malignancy 

and that once we identify the "oncogene" (4), we would understand cancer, 

has given way to skeptici~m and to an abrupt shift of interest from tumor 

viruses to other environmental carcinogens. 

The rapidity and completeness by which RNA tumor viruses could trans-

fonn cells in culture and the simplicity of the assay systems were the 

initial arguments for the use of RNA-tumor virus transformed cells as models 

for studying malignancy. These same reasonings have been turned aro!,Jnd 

recently and are used to support the argument that viral transformation is not 

i valid model for most forms of cancer. Where chemical carcinogens playa role 

in cancer induction (purported to be the case in 80% or more of all human 

cancers) the development of tumors is slow and multistep. Viruses transform 

too fast and appear to do it in a single step. Studies with mutants of 

RNA tumor viruses have led to the postulate that the product(s) of one 

region of the viral genome termed src (sarcoma specific) is both 

necessary and sufficient for transformation in culture and tumor fonnation 

i.!!. ~ (for review see Ref. 1). However, even in the most strai ghtforward 

and widely used system, that of chick embryo fibroblasts transformed by 

Rous sarcoma viruses, many puzzles remain. For example, if indeed 

src is the "oncogene", its deletion or its absence from a viral genome 

·should make the virus incapable of causing malignancy i!l vivo or trans­

formation;n culture. Yet many "src-defective" viruses such as RAV-2, 

RAV-6, RAV-50,and AMV induce a var;etyof tumorS in vivo, including 
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lymphoid leukosis, mye10ba1stosis, and renal carcinoma (1.5); and NC-29, 

a strain of avian leukosis virus that has been shown both by hybridization 

to DNA complementary to the src sequence (c[DNA]src; 5) and by nucleotide 

finger printing (6) to contain no src-specific sequences, transforms chick 

embryo fibroblasts in culture (1 ,7). In addition, normal cells appear to. 

have src-specific sequences which are expressed during embryonic growth (5).' 

The isolation of active ingredients of croton oil by Hecker (8,9) has 

set into motion a whole new area of research, that of mechanism of action 

Of tumor promoting agents. Cell culture is being used extensively and 

chick embryo fibroblasts in particular have become the model of choice 

{lO-13}. It is now apparent that many parameters induced by Roussarcoma 

viruses are also induced by tumor promoters (11,13). The overlap, however, 

is incomplete. Indeed, most of the action of tumor promotors on normal 

cultured cells are analogous-qualitatively and quantitatively-to that in~ 

duced by serum (14) or other growth factors and are less pronounced than 

those caused by viral-transformation. In addition, some parameters such .• 

as transformed morphology (13) and growth in agar are not induced by the 

promoters. Weinstein and coworkers have also indicated that another 

difference may lie in the reversibility of promoter action, i.e., while 

the TPA-induced effects are reversible, that of viral transformation is not 

(12). The reversibility argument, however, cannot be sustained. The very 

existence of RSV mutants which are temperature sensitive for transformation 

(15) indicates that the virus-induced transformation phenotype is at least 

as reversible as the promoter-induced phenotype. 

In this paper we show that at 41 0 addition of TPA, a potent chemical 

promoter, to chick cells infected with LA24, a temperature sensitive mutant 

of RSV with a defect in src gene, reproduces a more exact phenocopy of 
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transformed cells than normal, TPA-treated cells. The product of the src 

gene at the non-permissive temperature, therefore, appears to be either 

activated or replaced by the promoter. We propose that the latter may be 

the case , i. e., that the product of the SIC genome i tse 1 f may be a promoter 

rather than the initiator of transformation. In trying to reproduce the 

transformed phenotype completely, the promoter should be added not to an 

uninfected cell, but to one which has been already "initiated"--in this 

case by virus infection and integration. The predictions of the model 

and the alternative interpretation of the data are discussed. 

MATERIALS AND METHODS 

Cell culture. Primary avian tendon (PAT) cells were prepared as described 

previously (16,17). Tendon cells from 16-day old chick embryos were dis­

sociated into single cells and .5-.8 x 106 cells were 'allowed to attach 

in 50 mm culture dishes (Falcon) in medium F12 for one h. The medium was 

then replaced ~nd changed daily with 0.15%-0.2% fetal calf serum (Gibco~ , 

Grand Island, NY; deactivated for 30 min at 56°C) with or without 50 llg Im1 

ascorbic acid. Chick embryo fibroblast (CEF) were prepared as described 

( 18).. 

Virus infection and transformation. The 'wild type and the temperature­

sensitive mutant of Prague A-RSV (LA24) were provided by Dr. Steven Martin, 

Zoology Dept., UC Berkeley. The vir'useswere focus purified further· in 

our laboratory. The assay of focus forming units (19) indicated a virus 

concentration of 107 transforming particles per m1 of stock medium. Primary 

CEF cells were infected 1-4 hours after seeding with a multiplicity of 

i'nfection of .1-.5. Secondary cultures were prepared on day 5 after seeding 

and cultures were kept at 39°C. In the case of LA24-i"f~cted cell s, 24 hrs 

after secondary seeding cells were moved either to 41° or 35° incubators. 
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Results reported in Tables 2 and 3 were done on secondary tultures. Other 

results (Fig. 2) were done on tertiary cultures prepared two days after: 

secondary seeding (5 x 105 cells per 50 mm dish) and shifted to the aplpro­

priate temperatures after 4 hrs at 39°. For experiments under agar, 

tertiary cells were prepared as above. A semisoft agar overlay (consisting 

of 100 m1 2 x DME and F-10in a 2:1 ratio, 50 m1 DDH20 , 50 m1 1.8% agar, 

11 m1 tryptose phosphate broth, 4.5% calf serum, 8 m1 7.5% bicarbonate, 

2.3 m1 heated chick serum, 2.3 m1 10% glucose solution) was added 4 hrs 

after seeding. TPA was added 24-48 hrs later in OMSO which was diluted 

in medium F-12 or 199. The appropriate amount of DMSO was added to cOtitro1 

cultures. PAT cells were seeded in the absence of . ascorbate as described 

above and grown at 39°. Ascorbate has been shown to interfere with rapi d 

spread of RNA-virus infection in chick cells (20) and was thus eliminated 

in the early part of the transformation process in these experiments. 

Twenty-four hrs after seeding, cells were infected with LA24 at a multi­

plicityof 1. Medium was changed daily. Cells were shifted to either 

41° or 35° on day 5. Experiments were performed 2-3 days later. 

Biochemical assays. 2-Deoxy-D-g1ucose (2-dg) uotake and thymidine (tdr)incora­

ti'o'rfwere performed as described previously (13) using tritiated compounds 

obtained from New England Nuclear. For collagen assay, cells were labeled 

with 50 llCi/m1 [3H]-proline (New England Nuclear) for 3 hrs and assayed as 

described (16). 

RESULTS 

A search of the literature indicated that the addition of TPA to normal 

cells produced changes which in most instances were similar to serum and other 

growth promoting factors (13,14); i.e., a normal cell plus pro~oter is more 

analogous to a rapidly growing cell than to a malignant tumor. 

,.~ .. 
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While the rate of growth of Rous-transfonned CEF or PAT cells in not different 

from that of uninfected cells during exponential growing phase, their rate 

of glucose uptake is higher (18,21) and that of collagen synthesis is lower 

(23,24). We therefore set out to measure 2-dg uptake and collagen synthesis 

under the conditions where nonna1 cells, while at a reasonably high density 

so that the effect of TPA could be measured, were nevertheless sti 11 growing . 

. The result with PAT cells inqicated that addition of TPA to normal cells 

which were kept at 41° resulted in an increase in 2-dg uptake as expected and 

additionally decreased the rate of collagen synthesis rapidly (Table 1). 

But the changes were smaller than those occurring after transformation (23). 

Addition of TPA to 'LA24~infected cells at 41°, on the other hand, produced 

changes that were close or even more drastic than those in LA24-infected 

cells grown at 35°, (Table 1). Sugar uptake was increased to the level 

of transfonned cells by 5 hrs and percent collagen synthesis was dropped 

4.4-fo1~ (as opposed to 2.3-fo1d innor~a1 cells) within 4-7 hrs. The 

level of collagen synthesis in TPA-treated, LA24-infected cells at 41° 

was thus comparable or slightly lower than infected cells at the permissive 

temperature. 

Perhaps the mOst striking finding was at. the level of morphology. 
slight 

While normal PAT cells treated with TPA had a/criss-cross pattern similar 

to that reported for CEF (13) (not shown), the LA24-infected PAT cells 

at 41° assumed a morphology which was similar to fusiform transformed CEF 

(25) by 6 hrs and looked entirely transformed and distinctly different 

from TPA-treated normal cells by 10 hrs (Fig. 1). The presence of TPA 

during a shift-down experiment pushed the transfonnation processs further. 

Cells shifted in the presence of TPA for 12 hrs were morphologically similar 

to cells which had been shifted t6 35° for 24-36 hrs in the absence of TPA 

(data not shown). 
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The effect of TPA on LA24-infected CEF 

Addition of TPA to nonna1 chick embryo fibroblasts which were growing at a 

rate comparable to LA24-infected cells at the non-pennissive temperature 

(Exp.' I, Table 2) incr.eased the rate of sugar uptake by 30% in normal cells· 

and 7fJ1, in infected cells. When the cells were at high density and were 

growing slowly, the increase in the rate of thymidine incorporation into 

acid;...precipitab1e material 24 hr after TPA addition waS dramatic for both 

normal and LA24-infected cells at 41°. Again, however, the increase in 

2-dg uptake at 41° was higher in the infected cells than in normal cells 

(Exp. II, Table 2). 

In experiments where TPA was added for 5 hrs to normal and infected cells 

(both \l/i1d type and LA24 RSV), the differential increase in 2-dg uotake was highest 

for cells infected with the mutant and kept at the non-permissive temperature 

(Table 3). Cells infected with the wt-RSV were least affected (this was 

true only when the cells were extremely well transformed). Normal cells 

and LA24-infected cells at 35° were intennediates between the other two. 

Attempts to produce foci with LA24-infected cells at 41° in the presence 

of TPA has been unsuccessf~l so far. But this perhaps can be explained: 

the presence of TPI\ in the hard agar overlay for the length of time needed 

to have visible foci (5-7 days) was toxic to the normal monolayer. Experi­

ments are in progress to overcome this problem. Nevertheless, we did succeed 

in producing significant morphological alterations of LA24-infected CEF 

under semi-soft agar after 24 hrs of treatment (Fig. 2; see Materials and 

Methods). Normal cells under the same conditions showed only a slight 

increase in criss-cross patterns (Fig. 2). While thymidine incorporation 

showed similar increases in TPA-treated normal and LA24-infected cells 

under semi-soft agar, total protein content of infected, TPA-treated cultures 

increased more than that of nonnal, TPA-treated cells under agar (data 
not shown). 
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DISCUSSION 

We have· shown here that PAT cells and CEF cultures infected with a 

temperature sensitive mutant of RSV with a defect in sIc·gene function appear 

to become similar to transformed cells when they are treated with TPA at 

the non~permissive temperature. While an impressive and puzzling synergism 

between the·active SIC gene product (ts 68-infected CEF at 36°) and TPA 

in elaboration of.plasminogen activator had been observed and commented 

on (12) , the general syner.gism betwe~n TPAand vir'us-infected (but "untrans­

formed") cells at 41° had not attracted much attention. 

It has previously been shown and is confirmed here that normal cells 

are also altered after TPA treatment, although by no means do they reach 

the transformed phenotype. In compari ng the action of promoters and that 

of RSV on u'ninfected CEF, Driedger and Blumberg (13) presented a model where 

the pleiotropic ~ffects of the two agents partially overlap. They suggested 

that other pharmocological ageots in conjunction with TPA may generate a 

complete phenocopy of the transformed cells. We propose here that under 

appropriate conditions, a complete overlap with transformed cells will 

occur if TPA is added to cells already infected with a tumor virus which 

has a defect in the SIC gene. 

The morphological alterations brought about by the action of TPA on 

LA24-infected cells was dramatic as shown in Figs. 1 and 2. It is difficult 

to quantitate morphological alterations; additionally not only the morphology 

of the transformed culture differs depending on the subgroup of RSV and 

the medium used, but the same virus causes two distinctive morphological changes 

d~pending on the nature of the host cell (1,26). Nevertheless, morphology 

still remains one of the better criteria of malignant transformation especially 

for primary cultures (as opposed to cell lines). Only 10 hrs after TPA 

treatment, under the same conditions where TPA-treated normal cells were 



hardly changed. virus infected PAT. cells at4l 0 looked radically 

. altered (Fig. 1). CEF cultures were not morphologically as resp6nsive 

unless they were under semisoft agar (Fig. 2). CEF are regul arly grown 
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in much higher serum levels than PAT cells (see Methods) which could affect 

some of the responses elicited after TPA addition. In reproducing the 

transformed phenotype, there is no reason to expect that TPA treated, virus-

. infected ce11~ should look exactly similar to cells infected with wild 

type RSV. If the activation of the src gene basically provides a promoter-··· 

like activity, other growth promoting agents--serum, single growth fact'or's, 

hormones, metal ions (14), etc. alone or in ~ombination would be expected 

to also mimic the transformation process and cause a variety of r.Jorpho10gica1 and 

biochemical alterations when added to untransformed, infected cells. 

The increase in the rate of 2-dg uptake is one of the accepted and 

commonly measured criteria of viral-transformation. The increase is only 

quantitative and depends on the growth rate, medium conditions, cell shape 

and density of the cultures (18~21-23). Nevertheless, when all factors 

are controlled, sugar uptake is still higher in transformed cells. The 

2-dg increases reported in this paper are not large, but the importan~ 

point is that TPA-treated, infected cells at 41° had a rate of sugar uptake 

which was hlgher than TPA-treated normal cells and approached or surpassed 

that of transformed cells at 35°. 

The drop in collagen synthesis, a differentiated function.of tendon 
. . 

cells, after TPA treatment is reminiscent of the.action of 'phorbo1 esters 

on terminal differentiation (27,11), and on the level of other differen­

tiated 'gene products (28). Here again TPA and RNA-tumor viruses shift 

the cells in the same direction although to differing degrees. In the 

PAT cell system where the level of collagen synthesis drops rapidly .after viral 

transformation (24), addition of TPA also brings about a rapid decrease 



(Table 1). In CEF where collagen is synthesized at a low rate and is not 

modulated easily by environmental factors (unpublished data), the decrease 

in collagen synthesis after TPA addition is reported to, be significant 

but very slow (a 5-fold reduction after 5 days of treatment; 29). 

Thus, different cell types respond to TPA or to the src gene product in a 

manner characteristic for that cell system. 

Despite the preliminary nature of the results and the fact that there 

are other plausible e~planationsfor the data (see below), the hypothesis 

that viral-carcinogenesis may be a two- or multi-step phenomena and that 
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the activation of the src ~ene may not be the crucial step deserves some 

consideration. To begin with it ,explains the reversibile nature of virus­

induced "malignant-transformation" as exemplified by transformation with 

temperature-sensitive mutants of RSV. The decay of the transforming activity 

in a shift-up experiment is, indee~, entirely analogous to.the reversibility 

of the promoter activity. Furthermore, the hypothesis unifies the current 

concepts on the mechanism of malignant-transformation by viruses and 

carcinogens. The model makes a number of important predictions which are 

discussed below. 

A. Predictions of the Model 

1. Addition of any agent with promotor acti vity to cells infected 

with a temperature sensitive mutant of RSV which has a mutation in the 

src genome should lead to a complete phenocopy of transformed cells at the 

non-permissive temperature. This prediction is fulfilled for LA24-infected 

cells by the criteria used in this paper as discusserl above. A piece of 

data in the literature where plasminogen activator (PA) was measured after 

TPA addition to ts68-infected cells also supports this first prediction. 

,Weinstein et!!. (12) reported that CEFcells, infected with ts68 at the 

non-permissive temperature had a level of PA which produced 5% fibrinolysis 

;at a given time. At the permissive temperature the cells produced 23%, 
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an increase of 4.6-fold. Addition of 30 ng/ml TPA to ts 68-infected cells 

at 41° increased the plasminogen activator level 6 folds so that the 

fibrinolysis reached 30%, even higher than transformed cells at the permissive 

temperature. Weinstein et~. do not give an explanation for this remarkable 

synergism at 41° where infected cells are supposed to act like normal cells. 
between TPA and the transformed cells 

They comment, however, on the synergi sm that also occur s fat 35° (from 23 ' 

to 65% in this experiment). They point out that since this synergism 

appears to be multiplicative rather than additive, therefore, lithe sarcoma 

genome and TPA act, at least in part, through different controlling elements" 

(12). In :our hands, addition ofTPA to well-transformed cells which were 

infected with wt-RSV elevated the level of 2-dg uptake or decreased 

collagen synthesis only s;;ghtly, although there were additional changes 

in morphology (which may be related to the sharp increase in PA observed by 

Weinstein et !l.). Addition of TPA to LA24~infected cellswhich were shifted 

to 35°, however, caused Significant acceleration in the transformation process' 

(data not shown). This is to be expected if the hypothesis prese!1~edhere 

is correct. In a shift-down experiment time is needed for a buildup of 

the product(s} of src genome and an additional promoter would enhance the 

process. This may, in fact, partially explain the synergism of TPA and 
in ts68-infected cells at 36° 

the activated src genome in PA product i orY.Whatever the· mechan; sm, the 

significance of the finding that TPA-treated cells infected with a ts-mutant 

at non-permissive temperature resemble the cells at the permissive tempera­

ture in terms of PA production should not be overlooked.' Thus, by a different 

criteria (PA production) and in a strain of virus other than the one used in 

the present study (ts68) the first prediction of the model seems to be fulfilled. 

There is a very important correlary to this first point: The model' 

would predict that transformation-defective viruses which have a deletion 



within the src genome should also produce a transformed phenocopy upon 
- -

addition of a promoter (see Part B). These experiments are in progress. 

2. Transfection experiments with c[DNA]src should be completely 

successful only when the cells are already infected with transformation­

defective viruses, although the integration site of src-specific sequences 

itself could provide the "initiation" step. 

3. The:'pr.oductof the src'genome' alone should be insufficient to 

cause transformat10n, although it could set into motion the events that 

lead to growth. In a recent study, McClain et~. (30) microinjected 

-cytoplasmic extracts of cells transformed by RSVinto normal cells and 

detected dissolution of microfilament bundles. We wou1d,predict that 

microinjection of TPA-treated LA24-infected cells at 41 0 would result 

-1n similar changes. It is possible, however, that dissolution of micro-

filaments is characteri sti c of growing cell s as well as transformed cells 

in which case addition of promoters to normal cells should lead to the 

same phenomenon. The demonstration that src sequences are present in 

normal chick cells (31) and that src-specific RNA is made during embryo­

genesis (5) may be taken to mean that src's presence or its expression 

is not sufficient for cancer induction. The hypothesis by Bishop 

et!l. (5) that in avian cells src is involved in cell growth would 

be supported by our model (see below). 

12 
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4. Most importantly, the model predicts an initiation step which is linked 
. . 

not to the activation of the src gene but to integration of some part of the 

virus. Whether this event also involves expression of another part of 

the viral genome or whether it is entirely dependent on a specific inte~ 

gration site is a matter for further speculation. 

a. Alternative .Interpretation of the Data 

1. The LA24 virus used in these studies could be extremely "leaky". 

Thesrc gene may be expressed partially at 41 0 and the addition of the 

promoter somehow would bring about full expression. This possibility cannot 

be ruled out at this time. However, there is extensive literature on biochemical 

characterization of CEFce11s infected with LA24 RSV at both permissive 

andnon":permissive temperatures in culture and there-is no reason to believe 

that these viruses are any more "leaky" than other ts mutants. Indeed, 

they appear to be less so. Previous studies with this particular clone 

of LA24 in our laboratory has shown tight control at 41 0 for morphology, 

2-dg uptake and collagen synthesis in PAT cells (24), and f1uorescamine 

labeling, Tdr incorporation, morphology and 2-dg uptake in CEF (32). Addition­

ally, as cited above, in at least another laboratory and with an entirely 

different ts virus (ts68), when TPA was present, cells infected at the 

non-permissive temperature became completely similar to cells infected 

at the permissiv~ temperature in terms of PA production (12). 

2. The product of the srcaenome could' be more than one protein. One may be 

expressed at 41 0 and the other could be elaborated upon shift-down. The latter 

could have. a functton similar to a promoter. This is entirely consistent 

with the data and would still suggest a promoter-like activity for a 

gene product. 
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3. In all ts systems, the product of the src gene could be produced at 

both temperatur~s, but be inactive at the non-permissive temperature. 

Addition of a promoter would then cause hactivation" of the protein by some 

unknown mechanism. Brugge and Erikson (33) have identified a-60,000 dalton 

transformation-specific antigen and Collett and Erikson (34) have shown 

that it contains protein kinase activity. The expression of kinase 

activity was shown to be temperature-dependent in cells infected with ts­

mutants of RSV. Jay et .~~ have reported that an antisera obtained from rats 

bearing RSV tumors, cros~ reacts with a 56,000 dalton protein at both 

permissive and non-permissive temperatures but that the protein is absent in. 

cells infected with a transformed-defected virus. It is not clear whether 

the 56,000 MW protein is the same as the one de.scribed by Collett and 

Erikson. Nevertheless, one can postulate that the kinase itself or one 

of the st~psleading to the final transformation e~ent could be activated 

at the non-permissive· temperature by TPA . 
.-

There are other permutations of the above 3 alternatives which would 

also be consistent with the data. However, we still prefer the initial. 

model because it provides some explanation for other d~ta in the literature 

(see below). If one can "transform" a cellw'ith a transformation-defective 

virus and promoters, all the other alternative 1nterpretationsof the data 

would become irrevelent. On the other hand, i·f upon addition of TPA the 

transformed phenotype can be generated with ts-infected. cells only, the 

promoters may provide a new means for deciphering the nature of the tempera­

ture-sensitive lesion of the src gene of RNA-tumor viruses. 

C. Some Aspects of the Literature Viewed in the Light of the r~odel 

1. Induction of leukemia (lymphatic as well as myeloid and erythroid) 

by viruses which do not contain the src-specific sequences but otherwise 

are very similar to non-defective RSV may be viewed as the result of 
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ninduction ll (integration) without a need for promotion. Alternatively, 

barring the existence of a 1I1eukemic gene ll
, promotiQn for blood~forming cells 

may be provided by other cellular and humoral factors.:!.!l vivo. 

2. Induction of carcinoma and fibrosarcoma iIi vivo and transformation 

of fibroblasts in culture:by acute leukemia viruses such as MC29 and MH2 

which also lack the SIC genome' but are not identical with RSV in the rest 

of their genome (6) would ,produce another gene product which would act 

as a promoter or induce a promoter-like activity in the cell. 

3. Bishop, Stehelin and coworkers have shown that sIc-specific sequences 

are endogeneous to all normal avian species (5,24)". They have further 

shown existence of RNA homologous to SIC in a variety of embryonic, avi·an 

cells indicating transcription from the SIC nucleotide sequences :in normal 

avi an cells. They have proposed that SIC is part of the genome of norma 1 

cells, a part which can be mobilized during embryogenesis and growth' (5). 

The model presented here is entirely in keeping with their proposal. As 

mentioned above, the product of the src gene could act asa promote.r 

essentially as other growth promoting agents do. Its presence alonewo~ld 

lead to growth and all its manifestations without the'malign~nt end ·point. 

Indeed, there is now evidence that a 60,000 MW protein which maybe the 

same as the product of the src genome is also present in normal cells (36). 

4. The existence and the nature of a specific transformation gene 

in murine sarcoma viruses (MSV) is inferred from the existence of conditional 

mutants even though the concept is not as well developed as in the case 
.. 

of avian sarcoma viruses. Non-producing cells infected by certain .ts mutants 

of Kirsten MSV, become wt for transformation if they are superi nfected 

with a murine leukemia virus (MuLV) helper. Vogt states IIIf this effect 

represents true complementation, it would lead to the surpriSing conclusion 



~hat MuLV has a genetic function needed in the ma1ntena~ce of MSV induced 

transformation" (1) .. 

There are numerous recent literature which cannot all be cited in 

this paper such as the article by Jarrett et ~. and others (37.,.39) which 

pOint to an intriguing synergism between chemicals and viruses in causing 

malignant tumors. ~/hether the virus is the "inUiator" and the chemical 

the promoter, or whether the chemical is the carcinogen and the virus the 

promoter remains to be determined in most of these cases. The model 

presented here would predict that a virus could play either or both roles. 

Additionally, the model provides for synergism between various promoters, 

the vi ra 1 genome and the host ce 11 .. The vi rus need not fu1 fill Koch I s 

postulate entirely in order to be implicated as one of the causative 

agents of malignant tumors; 
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Finally, whether the predictions of the model are fulfilled or whether 

the data is the result of yet another twist in the expression of the Src 

gene, we feel that afresh look at current ideas and concepts of tumor 

virus carcinogenesis is in order. The elucidation of the mechanism by which 

tumor promoters exert their effects on normal and virus-infected cells 

should in any case aid in our understanding of both chemical and viral 

carcinogenesis. If the multi-step model proves to be correct, the virus, 

perhaps, will still remain unique in that it can provide both initiation 

and promotion in rapidly integrated steps. 
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TABLE 1 

.Effect of TPA on Sugar Uptake and Collagen Synthesis in PAT Cells 

Collagen Synthesis 
Cell Type . 2 -dg (DPMI JJg % ProJlne Corrected :; . 

Prot./5 min) Incorporated Collagen 

N41 0 + DMSO 205 33.1 8.6 

N41 0 + TPA 445 17.1 3.8 

TS410 +.DMSo 220 22.80 5.3 

ITS 41 0 + TP A . 525 6.2 1.2 

TS350 + DMSO 501 7.2 1.4 

ITS350 + TPA 565 7.1 1.4 

Cells were seeded in Ow2% serum in medium F-12 and treated as described in 

Materials and Methods. Seven days later TPA was added at 10 nglml of medium. 

2-dg was measured 5 hrs later in a5 min. pulse. Collagen assay was performed 

4 hrs later '(a 3 hr pulse; see Methods): the left column shows the percentage 

of r3H]-proline incorporated counts which is sensitive to purified collagenase; 

the right column is the same valve corrected for the fact that proline 

appears 5.2 times more in collagen than in other proteins. No ascorbic acid 

was present throughout the experiment for reasons described in the Methods. 

In the presence of ascorbate, the level of collagen synthesiS would be at 

least twice as high in normal cells at this density(17) while the level 

will not modulate in well transformed cells (23). The rate of coll(\gen 
• 

synthesis is extremely sensitive to ,environmental perturbation in PAT cells. 

The lower .level of collagen synthesis in infected cells at 41 0 as compared to 



normal control in these experiments is due to a slight lowering of the 

temperature that occurred during manipulations. In other experiments 

where the same parameter was measured at 41 0 in LA24-infected cells 

and the temperature was rigorously controlled, it was strictly comparable· 

to normal control s (24). N , normal cell s ;TS , cell s infected wi th LA24 

RSV and grown at the indicated temperatures. The values are the average 

of duplicate assays from duplicate plates of 2 experiments. 
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TABLE 2 
. . 

Effect of TPA on Sugar Uptake and DNA· Synthesis in CEF 

Exp. I Exp. II , 
Cell Type 2-dg, DPM/~g Tdr, DPM/~g 2-dg, DP~1/~g 

Prot/5 mi n Prot/ 1 h Prot/5 "min 

N410 + DMSO 350 50 240 

I 
N410 + TPA 405 670 I 880 

I 
TS41.o + DMSO 325 85 250 

TS410 + TPA 540 550 1290 

Secondary CEF were grown as described in Materials and ~1ethods. 

In the fi rst experiment cells were seeded so that cu1 tures were 

not too confluent and were still growing. TPA(10 ng/m1) was 

added 5 hr prior to assay. [3H]-2-dg concentration was 1 llci/ml. 

The second experiment was perfonned on dense cultures and the 

assays were performed 24 hrs after addition of 100 ng/m1 TPA[3H]-Tdr 

and [3H]-2-d9 were at 2 lolci/ml each. The values are the average 

of duplicate assays from duplicate plates. 
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TABLE 3 

Percent Increase in Sugar Uptake in CEF After TPA'Addition 

TPA added N410 TS410 WT410 TS350 
nglml % increase over DMSO controls after 5 hrs. 

\ 

10 35 52 6 23 

100 35 55 3 13 

Secondary cells were seeded. as described in Materials and Methods. 

The indicated amount of TPA was added to each culture 48 hrs later 

at the approproate temperature. The rate of 2-dg uptake was 

measured 5 hrs after addition of TPA. Percent increase was 

calculated as [(CPW1l9 Prot. in treated sample - CP~1/11g Prot. in 

DMSO control)/CPM/1l9 Prot. in DMSO control] x 100. Results are the 

average of duplicate plates from 2 experiments. 
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FIGURE LEGENDS 

Fig.l. Morphological effect of TPA on PAT cells'. PAT cells were seeded 

and infected wi th LA24 as described in Ma teri a 1 s and Methods. 

TPA(10 ng/ml) was added 7 days after initial seeding to infected 

cells at 41°. Pictures were taken 6 and 10 hrs later. 

24 

Fig. 2. Morphological effect of TPA on CEF under semisoft agar.CEF cells 

were prepared and infected with LA24 as described im Materials and 

Methods. Four hrs after tertiary seeding, an agar overlay was 

added as described. One day after addition of agar, TPA (10 ng/ml) 

was added under the agar. Pictures were taken 24hrs later. 
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