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IS THE PRODUCT OF THE src GENOME A PROMOTER?

Key words: Rous sarcoma virus, phorbol esters, chick cells, collagen,

viral carcinogenesis.

M. J. BISSELL, C. RATIE AND M.CALVIN |
Laboratory of‘ChemicaT Biodynamics, Lawrence_Berke}ey Laboratory,

University of California, Berke]éy, Ca]ifoknia 94720

Contributed by: Melvin Calvin
Classification: Cell Biology

Running Title: The src gene product may be a promoter



ABBREVIATIONS USED |

’TPA, 12;0-tetradecanoy1-phorb01-13facetate; RSV, ROqs éarcoma virus;i
PAT,.primary avian tendon;_CEF,”chick embryo fibrob]asts; wt and ;s
RSV, wild type aﬁd tembefature¥seﬁsitive mutant of RSV; 2-dg, 2-deoxy-ﬂ'n
‘D;giucose; Tdr, thymidfne; DMSO, dimethyl sulfoxide; PA, plasminogen

activator.



ABSTRACT v
Add1t1on of a potent promotor 12-0- tetradecanoy] phorbo] 13 acetate '

(TPA) to pr1mary avian: tendon or chick embryo f1brob1ast ce]]s 1nfected
w1th a temperature sens1t1ve mutant of Rous sarcoma virus produced a
comp]ete transformed phenocopy at the non- perm1ss1ve temperature by the
‘cr1ter1a tested While norma], un1nfected cu]tures a1so sh1fted towards
a transformed phenotype after TPA add1t1on they did not ach1eve the same 1h
| degree of morpho]og1ca] and b1ochem1ca1 alterations seen 1n v1rus 1nfected;5i‘
o TPArtreated cells. It is proposed that viral carc1nogenes1s desp1te 1ts o
rapidity, may occur in two stages an "initiation" step caused by 1ntegrat1on
of all or part of the viral genome and a promotion step (1tse1f a mu1t1 step
-process) caused by the act1vat1on of the srctgene. The latter.could be

- enhanced or replaced by'other promoting agents.



INTRODUCTION v

| Ne have gained tremendous knowledge of the structure and the genetics
of RNA tumor viruses 1n recent years (1- 3), yet we know re]at1ve1y little
about the mechan1sm(s)_of viral carc1nogenes1s...The early optimism that
_vira1-tnansformation-cou]d,provide a simple mode] for studying malignancy
and that once we identify the “onCogene" (4), we wou'ld understand cancer,
has ginen way to skepticism and to an abrupt shift of interest'from tumor -
virdses toiothef environmenta] careinogens. -

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

form_ce1]s in culture and the sihplicity-of»the,assayvsystems were the
‘initial arguments for fhe use'nf,RNA-tUmor‘virus transformed cel]s_asnmodels
' fon studying maifgnancy. ‘These same reaspnings haVe been turned around
recently and are used to snpport the argument that viral tranéformatidnis not
"a valid mode] for most forms of cancer. Where chem1ca1 carcinogens p]ay a ro]e

in: cancer 1nduct1on (purported to be the ‘case in 80% or more of all human
‘cancers) the;development of tumors is s]ow and mu1t1step. V1ruses.transform_
too fast and‘appear‘to do it 1n'arsing1evstep.' Studies with mutants of
RNA tumor viruses have led te the postnlate'that the product(s) of one
J”region,of the Viral.genpme termed_src (sarcoma speeific) is both

necessary and sufficient fpr transformation in culture and tumor formation
jg.!jxgv(for‘review see Ref. 1). However, even;in’the moét.strajghtforward
and widely used system, that of chick embryq_fibroblasts;transformed by
Rous sarcoma viruses, many puzzles.remain. For example, if indeed

‘sre - is the "oncogene", its deletion or its absence from a viral genome
should make the virus incapable of causing malignancy dn vivo or trans-
formation “in cu]ture. Yet many “srC—defect1ye“ viruses such_as RAV-2,

RAV-6, RAV-50, and AMV induce a variety of tumors in vivo, including



lymphoid leukos1s myelobalstos1s, and renal carcinoma (1,5); and MC- 29,
a strain of avian leukos is vwrus that has been shown both by hybr1d1zation
. to DNA_comp]ementary to the src sequence (c[DNA]src; 5) and by nucleotide N
"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.(S)f
| " The isolation of active ingredients of croton oii by Hecker (8,9) hae%}
- 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
chich embryo fibroblasts in:particular have become fhe model of choiceh
' (10;13). It is now opparent that many parameters induced by Rous ‘sarcoma
viruses ere-also induced by tumor promoters (11 13). The over1ap,.honever,
is 1ncomp1ete Indeed most of the action of tumor promotors on normal
cultured cells are ana]ogous qualitatively and quant1tat1ve1y—to that 1n-v'
duced by serum (14) or other growth factors and are less pronounced than -
those caused by viral-transformation. In addition, some parameters suchfie‘e
as transformed morpho]ogy (13) and growth in agar are not induced by the .
promoters. Weinstein and coworkers have also indicated that another
 difference may lie in the reversibilityhof 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 mutantsvwhich:are temperature sensitive for ‘transformation
(15) indicates that the.virus-induced transfornation_phenotype is at 1east?n;'
as reversible as the promoter-induced. phenotype

In this paper we show that at 41° addition of TPA, a potent chem1ca1 _
promoter, to ch1ck'cells infected with LA24, a temperature sens1t1ve_mutant-

of RSV with a defect in src gene, reproduces a more exact phenocopy of



transformed oe115 thah'normal TPA-treated ce]ls' The product of the sic

. gene at the non-permissive temperature therefore appears to be elther
activated or replaced by the promoter. Ne propose that the latter may be
the case, 1. e., that the product of the src genome 1tse1f may be a promoter
rather than'the‘1n1t1ator of transformatxon. In trying tovreproduce the
.transformed phenotype complete]y;:the promoter should‘be added not to an
.uninfected ce]],_bot to one which'has beeh 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 cu1ture Pr1mary avian tendon (PAT) ce11s were prepared as descr1bed

prev1ous1y (16, 17) Tendon cells from 16-day o1d chick embryos were dis-

6 cells were -allowed to attach

sociated into single cells and- 5 .8 x 10
in 50 mm culture dishes (Falcon) in medium F12 for one h. The med1qm was
then replaced and changed daily with 0.15%—0.2% fetal ca]f'serum (Gibto;~p '
Grand Ié]and; NY; deactivated for 30 min at 56°C) hith'or withoutVSOIJg/m1
ascorbic acid. Chick embryo fibroblast (CEF) were,prepared'as described
(8. _ o

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

sensitive mutant of Prague'A-RSVv(LA24) were provided by Dr. Steven Martin,
Zoology Dept., UC Berkeley. The virpsesrwere focus purified further in
our laboratory. The'assay of focus forming units (19) indicated a virus

concentration of 107

transforming particles.per hl of_stock’medium. Primary
CEF cells were infected 1-4 hours after seeding with a multiplicity of |

infection of .1-.5. Secondary cultures were prepared on day 5 after seeding
and cultures were kept at 39°C. In the case of LA24-infected cells, 24 hrs

after secondary seeding cells were moved either to 41° or 35° incubators.



Results reported in Tables 2 and 3>Wére done'on'secondary’Cu1tufes, Other
results (Fig. 2) Wére done on'tértiary Cultures*prépared two days after -
secondary‘seeding (5 x 105 ce11s per 50 mm diéh) and:shifted to fhe aﬂpro-
~ priate temparatures after 4 hrs at 39°. ,Fdr_experiments under agar, |
v teffaary cells were prepared as above. A semisoft,agar.over1ay (consisting

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

20°
11 ml tryptose phosphate broth, 4.5% calf serum, 8 ml 7.5% bicarbonate,

2.3 ml heated chick serum, 2.3 ml 10% glucose éolution) Was added 4 hrs
after seeding. TPA was added 24-48 hrs later in DMSO which was diluted

" in medium F-]Z_orf199. The appropriaté amount of DMSO was added to control
: cuitures. PAT cells were seeded in the abéénce”of,ascorbate as described
above and grown at 395, “Ascorbate has been.showh.to interfere with rapid |
'spread of RNA-virus ihfection in chick cells (20) and was thus eliminated‘
in the ear]y part of the transformatidn process in these expérimehts.
Twenty-fouf hrs'after seeding, cells Were infected with LA24 at:a'multie
'plitity of 1. Medium was changed daily. Cells were shifted to either
41° or 35° on day 5. Experiments were performed 2- 3‘days 1ater '

Biochemical assays. 2-Deoxy-D-glucose (2-dg) uotake and thym1d1ne(Tdr)1ncora-

tign were performed as described previously (18) using tritiated compounds
obtained from New_England Nuclear. For collagen assay, cells were 1abe1ed .
with 50 uCi/ml [3H]¥pro]fne (New England Nucleaﬁ) for ‘3 hrs and assayed as
described (16). B

- RESULTS

A search of the 11terature indicated that the addition of TPA to norma]
'cells produced changes which in most instances were similar to serum and other
growth promot1ng factors (13,14);_1.e.,_a_norma] ce]] plus promqter is more

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



While the rate of growth of Rous- transformed CEF or PAT cells in not different
from that of uninfected cells during exponential growing phase, their rate |
of_glucose uptake is higher-(l8 21) and that of collagen synthesis is lower
(23’24) We therefore set out to measure 2 -dg- uptake and collagen synthe51s
under the conditions where normal cells while at a reasonably high density

S0 that the_effect of TPA could be measured, were nevertheless_still growing.
-The;result,with PAT cells indicated 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 transformationt(23),
_ Addition of TPA to'tA24rinfected cells at”4l°,'on the other hand, produced
'changes that were close or even more drastic than those in LA24-infected
cells grown at 35°. (Table l) : Sugar uptake was increased to the level

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

4.4- fold (as opposed to 2.3-fold in normal cells) w1th1n 4-7 hrs The

level of collagen synthe51s in TPA-treated, LA24-infected cells at 41°

twas thus comparable or slightly lower than infected cells at the permissive
temperature | :

_ | Perhaps the most striking finding was at.the level of morphology _

Hhile normal PAT cells treated with TPA ‘had 3}33?§s -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. l). The.presence of TPA
.during a shift-down experiment pushed the transformation processs further
Cells shifted in the presence of TPA for 12 hrs were morphologically 51m1lar

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

(data not shown).



The effect of TPA on LA24-infected CEF

Addition of TPA to normal chick embryo fibroblasts.which'wefevgrOwing at a -
rate comparable to LA24-infecﬁéd cél]S’af‘the non-permissiVe temperature‘
(Exp. I, Téble 2) incteased the raté of sugar uptake by'30% in normal cells
and 70% in infected cells. Whén"the cé]]s were at high density‘and were
growing slowly, the increase in the rate of thymidine incorporation into
 acid-precipitable material 24 hr after TPA addition was dramatic for both
nqrma1 and LA24-infected cells at 41°. Again, however, the fncrease:in‘
2-dg uptake at 41° was higher in the infected ;eTls than fn normal cells
(Exp. II, Table 2).

In experiments where TPA was.addéd for 5 hrs to ndrma] and infected Ceils
(both wild type and LA24.RSV), the dffférentia] incfease in 2-da untake Was:highest |
for cells infected with the mutant and kept at the'ﬁon-permissive témperature
(TabTe 3). Cells infected with the um-RSvaere least affected (thié was
true only when the.ce1]s were extremely well transformed). Normal cells
~and LA24-ihfecfed cells at 35° were fntermediatés between the other two.

| :Attempts to produce foci with LA24-infected eeITS at 41° in the presence
of TPA has been unsuccessful so far. But this perhaps can be exp1ained:.
the presence of TPA in the hard agar overlay for thé length of time needed
to have visible foci (5-7 days) was toxic to the normal monolayer. Experj-'
ments are in progress to overcome this problem. Nevertheless, we did succeed
in producing significaht morphological a]terations'bf_LA24;infected CEF
under semi-soft agar after 24 hrs of treatment (Fig. 2; see Materials and 
Methods).. Normal cél]s'underwthe same conditions showed only a slight |
increase in criss—cross'pattefns (Fig. 2). While thymidfne incorporation
showed similar increases in TPA-treated normal ana_LA24-infected cells
undér semi-soft agar,‘tota] protein content of infected, TPA-treated cﬁ]tures

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



DISCUSSION | o |

We have shown here that PAT cells and CEF cultures infected with a
temperature sensitive mutant of RSV'with.é defect in src.gene function appear
to.beéome simiTar_to tfansfdfmedlcé11§ when they are treated with TPA at
fhé honrpermiSSive temperature. While ah'impressiVe and puzzling synefgism |
between iheﬂggzi!g src gene product (ts}68-infe¢£ed CEF at'3695’énd TPA
in elaboration of.plasmindgénractivatof had been observed and commented
on (12), the genera].synergism between TPAiand vifus-infected_(but "Untrqns4l
formed“)(cé]ls at 41°:had not attraéted_mdch attention;.
| - It has previously been shown and is confirmed here fhat normal ceT]s
are also altefed'after TPA treatment, a]though byvho means do they reach
: the transformed phenotype.' 1n combaring the action of promoters and that
of RSV on uninfected CEF, Driedger and Blumberg (13) presented'a-mode1 where
“the pleiotropic effects of.the fwo-agents partially overlap. They suégested_
'thét;other pharmocological agents in.conjunction with TPA may generate a |
completé phenécopy of the transfdrmedAce11s. We propose here that under
| appropriate conditions, a cohp]ete-over]ap'with transformed cells wiil'
occur if TPA is added to cells already infécted with a tumor virus which
has a defect in the src. gene.

The mbrphb]ogica] é1terations_brought.abo&t by the action df TPA on
LA24-infécted ée]]s_wasvdramatic,as shown in Figs; 1 and 2. It is difficult
to quantitate morphb]ogical alterations; additioné]]y not only the morphology
of.the ffansformed.;ulture differs dependingvon.thé‘subgroup OfVRSV'and | |
the wédium used, buf the §ame virys'causes,tWo distinctive morphological changés
-dependihg on the nature of the host cell (1,26). Nevértheless, morphology
still remains one of the better.criteriafof mélignant transformation espe;ié]]y'
for brimary'cu1tures (as opposed to cell lines). Only 10 hrs after TPA |

treatment, under the same conditions where TPA-treated'norma1 cells were



hardly changed, virus infected PAT‘ce11s at_41°»1ooked radically
.,“altered (Fig. 1)..'CEF tu]tures'were not morphologically as responsive

'iunless they were Under semisoft agar (Fig 2). CEF are regularly grown |

" in much h1gher serum levels than PAT ce11s (see Methods) which cou]d affect |
h‘some of the responses e11c1ted after TPA add1t1on. ‘In reproducing the
: transformed phenotype,,theretis no reason to expect that TPA treated, rirus-

* infected ce11s‘shou1d Took exact]y simi]ar 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 faétors;h'
hormones metal ions (14), etc. alone or in combination wou]d be expected

to a]so mimic the transformat1on process and cause a var1ety of noroholog1ca1 and
biochemical alterat1ons when added to untransformed, infected cells.

"_Theblncrease in the rate of 2-dg_uptake is ‘one of the accepted and’
‘commonly measured criteria Offviral;transfornation. The increase is only.5~
quantitative and depends on the gronth rate, medium conditions, celilshape
'1and density of thehcu]tures (18,21-23); Nevertheless, when all factorsv .
arebcontrol1ed, sugar uptakevis still higher_in transformed céT]s.“The»
| 2-dg increases reported in this paper are not 1ar§e, but the important‘
point is that TPA-treated, infected cells at_41°‘had a rate of-sugar uptake ;
which was higher than TPA-treated norhal cells andiapproached-or surpassed
that of transformed cells at 35°. .
The drop in co]lagen synthe51s, a d1fferent1ated function of tendon

cells, after TPA treatment 1s reminiscent of thesact1on of'phorbol esters -

on termina] differentiation (27,11), and on the Teve] of other,differenf
tiated gene products (28) ‘Here again TPA and RNA—tumor viruseSIShift"’
h.the cells in the same direction although to dwffer1ng degrees In the .
PAT cell system where the level of collagen synthes1s drops rap1d1y after v1ra1

transformation (24), add1t1on 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 environmenta]ifactors (unpub]ishedidata); the decrease
in_col]agen synthesis after TPA addition,is heported to,be sfgnificent‘

but very slow (e S-fold‘reduction after 5 daysvof.treatment;'29).
- Thus, dtfferent cell types respond to TPA or to the src gene product in a
manner character1st1c for that cell system. |

‘ DeSp1te the pre11m1nary nature of the results and the fact that there

are other p]aus1b1e_exp1anat1ons for the data (see be]ow), the hypothes1s |
that viral-carcinogenesis may be e two- or;mu1t1-step-phenomena‘and that

the activation of the src gene may not be the cruc1a1 step’ deserves some .
ucon51deratjon. To begln with it explains the revers1b11e nature of v1rus-
tnduced "malignant-transformat1on“ as exemp11f1ed by trensformat1on w1th
“temperature-sensitive mutants of RSV -~ The deeayeef,the»transforming activity}
in a shift-up experiment. 1s, 1ndeed entire]y»ana1ogous to the reversibility
 of the promoter activity. Furthermore, the hypothesis unifies the current
cdneepts on the mechanism of malignant-transformation by viruses and |
carcinogens. The model makes a number of important predictions which ere
discussed below. | |

A. Pred1ct1ons of the ‘Mode

| 1. Addit1on of any agent w1th promotor activity to cells 1nfected
with.a temperature sensitive mutant of RSV which has a mutation in the
“src genome should lead to a comp]ete phenocopy of transformed.cells at the
non-permissive temperature. This,predictfon is fulfilled for LA24*1nfected,
cells by the criteria used in this paper as discussed above. A piece of
_ vdata in the literature where plasminogenhactivator (PA) was‘measured after
,TPA~addition to ts68-infected cells .also supports this first prediction.
-Weinstein gt_gl.-(lz) reported that CEF‘ce1ls,:infected.with ts68 at the
nbn-permissive temperature had a level of PA which produced-S% fibrinolysis

at a given time. At the pefmissive.temperature‘the cells produced 23%,



n

an increase of 4.6-f01d; ' Addition'of 30 ng/ml TPA to ts 68-infected cells

at 41°_increased the plasminogen activator level 6 fo]ds‘so that the
fibrinolysis reached 30%, even higher than transformedvceils at the permissive
temperature.. Weinstein et al. do not'give an explanation for this remarkable

1synerg1sm at 41° where infected ce]ls are supposed to act like normal cells.

| They comment,. however, on the synergism that a{)gg:wggguggl/\agngs thff:J;n§3férmed cells .

to 65% in th1s:exper1ment). ,They point out that‘s1ncevth1s synergism

appears to be multiplicative rather than'addftive, therefore, “the_sarcoma
genome and TPA act, at least in part, .through different controlling e1ements"
(12): In .our hands, add1t1on of -TPA to well- transformed ce]]s which were

'1nfected w1th wt-RSV elevated the level of 2-dg uptake or decreased |

'collagen Synthe51s only sl1ght1y, a]though there were additional changes

in morphology (Which may be related to the sharpfincrease in PA observed by

Weinstein EE.El;)' Addition ofrTPA to LA24—infected5ce]]s,which.were shifted
to,35ﬂ:howeven caused sﬁgnificant'acCeleration in the transformation processﬁ

' (data not shown). This is to be expected if the)hypothesis presented here-:

-is correct.. In a sh1ft down exper1ment t1me is needed for a buildup of -

“the product(s) of src genome and an add1t1ona1 promoter wou]d enhance the
process. This may, in fact partially exp1a1n the synerg1sm of TPA and .

' in ts68-infected cells at 36°

the activated src genome in PA productior. Whatever the.mechanism, the
s1gn1f1cance of the finding that TPA-treated ce]]s»1nfected w1th.a,tS-mutant:

at nOn-permissive temperatore resemble the cells at the permissive tempera-

‘_ture in terms of PA product1on 'should not be over]ooked Thus by a different

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

the present study (ts68) the first pred1ctlon of the model seems to be,fu1f111ed.‘
There is a very important correlary to this first point: The model

~ would predict that transformatioh-defective viruses which have a deletion
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yithjg_the src genome shou]d also produce a tranSformed phenoéopy upon
'_add1t10n of a promoter (see Part B). These exper1ments are in progress.
,2. Transfection exper1ments w1th c[DNA] ro shou]d'be comp]eteTy
successful only when the cells are a]ready 1nfected with transformation-
defective viruses, a]though the integrat1on site of src—spec1f1c sequences
“itself could prov1de the "1n1t1at10n“ step.
' 3; The:product -of the src-genome: alone. should be 1nsuff1c1ent to
cause_transformation, a]though it could set into motion»the events that
lead to growth. In a_recentdstudy, McClain et al. (30) microinjected
»cytoplasmic exthacts of cells thansfohmed bynRSV;into normal cells and
detected dissolotion'of microfilament bund]es .Ne'w0u1d‘predict that
:micro1n3ect1on of TPA- treated LA24-infected ce]]s at 41° would result
“in similar changes. It is possib]e however, that dissolution of m1cro-
ft]ahents is characteristic of grow1ng ce]]s as well as transformed;cells
in which case addition of promoters to normal cells should lead to the
b_same phenomenon. The‘demohstkatidn‘that src sequences are present'in
4nnrma1chick.ce1]s_(31)andithats£c-spec1fic RNA is made during embryo-
.genests_(s) may be taken to mean that src's presence or its expresSion
is_not sufficient for'canCer tnduction' The hypothesis by Bishop
et al. (5) that in avian ce11s src -is 1nvo]ved 1n ce]] growth would

. be supported by our model (see below)
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4. Most 1mportant1y, the model predicts an 1n1t1at1on step wh1ch1s linked
not. to the activat1on of the src qene but to 1ntegrat1on of some part of the
vv1rus Whether th1s ‘event also 1nvo1ves expression of another part of |
I_the v1ra1 genome or whether it is entirely dependent on a spec1f1c 1nte- |

'grat1on site is a matter for further Speculat1on

B. A]ternative‘Interpretation of the Data

1. The LA24 virus used in these studies cou]d‘be,extremelyv"1eaky",_
The src gene may be expressed_partfally at 41° and the addition of the
promoter somehow would bring about full expression. This possibility cannot
be ruled out at thié time ‘However there ie’extensive literature on biochemical
| character1zat1on of CEF. ce]ls infected with LA24 RSV at both perm1ss1ve
and non-perm1ss1ve temperatures 1n culture and there 1s no reason to be11eve
~ that these v1ruses are any more ?1eaky" than other ts mutants. Indeed,
they appear to be less so. 'PreviOus‘studies_with this particular c]qne_
of LA24 in our laboratory haszshown tight contro] at 41°.for morphb]ogy,t
2-dg uptake and collagen synthes1s in PAT cells (24), and f]uorescam1ne B
labeling, Tdr 1ncorporat1on, morpho]ogy and-2—dg_uptake in CEF (32). Add1t1on—
ally, as cited above, in at least another laboratory and with an ent1re1y
different ts virus (ts68), when TPA was preeent; oells infected at the
non-permissive'temperature became comp]etely simiiar to cells.infectedh
at the permissive temperature 1n terms of PA product1on (12). |
2. The product of the src aenome could be more than one prote1n One may be
expressed at 41° and the other could be e1aborated upon sh1ft down. The. 1atter
‘cou]d have,a function s1m11ar to a_promoter. ThlS is ent1re1y cons1stent
“with the'data;and would still Suggest a promoter-]ike activity for a

';gene,product.



3. _In:all esrsystems, the product of the‘sro gene couidvbeiprodueedfat
both,temperatures; but be inactive at'the'non-permissive temperature. )
Addition of a promoter'wou]d then cause "activation" of the protein by some
unknown mechanism. Brugge andvErikson (335 have identified a- 60,000 dalton
.transformation specific antigen and Co]iett and Erikson (34) have shown
that- it contains protein kinase act1v1ty ‘The expression_of kinase
act1v1ty was-shown to bevtemperature—dependent“in ce]]s infected with ts-
mutants of RSV. Jay et a] have reported that an antisera obtained from rats
bearing RSV tumors, cross reacts with a 56,000 dalton protein at both
permissive and non- perm1551ve temperatures but that the protein 1s absent in
cells infected w1th a transformed-defected virus. It.is not ciear whether_;
the 56,000 MW protein is the same as. the one described by Collett and
Erikson. .Nevertheiess, one can postu]ate that.the‘kinase itself or one
of the steps ]eadinglto the final transformation event could be activated
at the non- permissive temperature by TPA

There are other permutations of the above ‘3 alternatives which wou]d
-also be con51stent w1th the data. However, we still prefer the initial.
model because it provides some explanation for other data in the literature
(see be]ow) . If one can'"transform a cell with a transformation defective
virus and promoters, all the other a]ternative interpretations of the data
would become irrevelent. On the other hand, if upon addition of TPA the |
transformed phenotype can be generated w1th ts—infected cells on]y, the
' promoters may provide a new means for dec1phering the nature of the tempera--
ture-sensitive lesion of the src gene of RNA- tumor viruses.

C. Some A;pects of the Literature Viewed in the Light of the Model

1. Induction of leukemia (1ymphatic as wel] as mye]oid and erythr01d)
by viruses which do not contain the src—spec1fic ‘sequences but otherwise

" are very 51m11ar to non- defective RSV may be viewed as the result of



"jnduction" (intégratiqﬁ)»without a need for promotion. Alternatively,
barring the existence of a "leukemic gene", promotion for.blood—forming cells
may be provided by othér cellular and humbra]-factors iﬂ.!i!g'

2. Induction of carcinoma and fibrosarcoma in vivo ahd_transfbrmation
of fibroblasts in culturé;by‘acute leukemia viruses such as MC29 and MH2
which_é1so 1a¢k thevsrc‘génOMe{but are not identical with RSV in the rest
of their genomev(s) w0u1d;produce another gene prdduct which would act
as a promoter or induce albrombter-iike activity in the cell, | |

3. Bishop, Stehe11n‘and coworkers have shown that src-specific sequences
‘are endogeneous to a]l.nokma],a&ian épecies (5,24). They'have fbrther |
shown existence of RNA hbmplogous to src in a variéty-of embryonic-avian -
ceils indicating‘trahséribtibn from the szc nucleéiide-sequences in normal g
avian cells. Theyihave pfoppsed that src is part.éf the genome of -normal
cells, a part which can be mobilized during embrydgénésis and growthf(s).

The model pre§ented here'is_entirE]y in keeping with their proposél. ‘As
mentioned above, the'product[of the src gehe.cou1dkéct as a brdmoter
essentia11y a$ other growth promoting agents do. /Ifé'presence alone would
lead to.growth'andball itsvménifestations without the‘malignant end‘poinﬁ,
Indeed, there is now evidence that a 60,000 MW prdﬁein which may be the
same as the product of the1src‘genome is also pfesgnt in normal cells (36).

4, Thevexistence'ahd‘the nature of a specifiéltfansformation gene.
in murine sarcoma viruses (MSV) is inferred from_fheiexistence-of»conditional
mutants even though the concept is not as well developed as in the case
of avian sarcoma viruses. Non-producing cells infééted by certain.ts mutants
~ of Kirsten MSV, become wt for transformation if'théy‘are superinfected
with a murine leukemia virus (MuLV) helper. Vogt étates "If this effect

represents true complementation, it would lead to the_surprising conclusion
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that MuLV has a genetic‘funCtion needed in thé maintenance of MSV induced
transformation" (1);,

:There are numerous recent literatgfe'which caﬁnot all be cited in
this paper such as the article by Jarrett g;;gl‘ and others (37-39) which
“point fo.aﬁ'intriguing synergism_bétﬁeen»chemica]s_and viruses in causing
ma1ignant tUmbrs, vwhether theuvirﬁs'is the “initiator" and the chemical
the'promoter, or whether thebchemital_is the cakcinogen_and the virus thé
promoter remains to be determined=in_mos£ of these cases. The mode1
pfesehted here would prediét that a virus cou]dvp1ay either or both roles.
Additiona]]j, the'modeT pfbvides fok synergism betweeh Various_prbmoters,
fhe.vfra] génbhe'and the host cell. The virﬁs heed not fu]fi]l'Koéh's
poétUlate eniire1y in brdér to be impIicated as one of the éausative
agents of ma]ignant tumors . _ | | » |

 F1né]1y, whether the predictions of the model are fu]fi11ed of whether
the dafa is the result of yet another'twist in.the expression 6f the src |
gene, we feel ihat a fresh look at}curreht ideas and cohcepts of tumor
.virus'carcinogenesis-is in order. The e]uéidation of the mechanism.by which'
tumor.promoters exert their effects on hofma] énd virus-infected ceTis '
should in any'case aid in our.understandfng of both chemical and vira1 
carcinoéenesis., If the mu]ti-sﬁep mode1~pkovés.to be correct, the virus,:
perhaps, will sti11 remain unique in that.it can provide both initiation

and promotion in rapidly integrated steps.
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TABLE 1
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4Effect of TPA on Sugar.Uptake and Coi]agenvSynthesis in PAT Cells

;s

o " Collagen Synihesis :
" Cell Type . 2-dg (DPM/ ug % Proline Corrected % |
o - Prot./5 min) Incorporated - Collagen
410 + DHSO 205 33.1 8.6
Ngyo + TPA us BRTR 3.8
15,70 {”omso‘ 220 22.80 R 5.3
15410 £ TPA 525 6.2 1.2
ngso + DMSO | 501 7.2 1.4
S350 + TPA 565 7.1 1.4

Cells were -seeded in 0.2% sérum in medium F-12 and treated as described in

Materials and Methods. Seven days later TPA was added at 10 ng/ml of medium. -

2-dg was measUredAS hrs later in a 5 min. pulse. Collagen assay was performed

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

‘:of [3H]-proline incorporated counts which is sensitive to purified collagenase;f

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'levei

| will not modulate in we]]-transforhed ceTis (23). The rate of collagen

- synthesis isvéxtreme]y sensitive to environmental perturbation in PAT cells.

The IOWer‘levei of collagen synthesis in infected cells at 41° as compared to
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normal.contr61 in these experimeﬁts is dueuto a s]ight Idwering of the
femperatdré that oﬁcurrediduring manipuiationé, ,In:othér experiments
where the same parameter was measured at 41° in.LA24-infected'¢e]1$»

and the temberature was,rigorous]y'controlled, it was strictTy comparable -
to normal controls (24). N, normal Ce1ls;~TS, cells infected with LA24"
RSV and grown at the indicated temperatures.r The values are the average :

of dup]icate assays from dup]itate p1ates’of 2 experiment;.'
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TABLE 2 o
Effect of TPA on Sugar'Uptake andeNA-Synthesis {n CEF-

S :Exp;fI I oo EBxpo I _
Cell Type . |2-dg, DPM/ug Tdr, DPM/ug 2-dg, DPM/ug
o ‘ |Prot/5 min ' Prot[ T h Prot/5 min
Njjo + DMSO | 350 80 - 240
Ngjo + TPA | 405 60 880
| TSype + DMSO | 325 85 250
TS,0+TPA | 560 550 1290

;Secohdary:CEF‘were grbwn as described in Materfa]s and Methods.
}In'thé first expériment ce11s_wefe‘seedEd sd‘that cu]tures,were'
:not too confluent and were sti]l'growing. TPA (10 ng/ml1) was

_-added 5 hr prior to.assay.[SH]-Z-dg concentration was 1 uci/mi.

:The secénd experiment was performed on dense cuitures and the

. assays were performed 24 hrs aftér addition of 100 ng/mi TPA[3H]—Tdr_
. and [3H]-2—dg wéré at 2 yci/ml each. The values are the average

'_of'dupﬁicate assays from dup]icate plates.
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"TABLE 3

‘Percent Increase in Sugar Uptake in CEF After TPA'Addition

: 41°

ng/ml % increase over DMSO controls after 5 hrs.
0 5 | s2 | 6 | - 23
10 | 35 ss |3 | 3

Secondary cells were seeded,as described in Materials and Methods .
The indicated amount of TPA was added.to_éach culture 48 hrs latef
at the approproate temperature. The rate of 2-dg uptake was
measured 5 hrs after addition}of TPA.. Percent increase:was
calcplatéd as [(CPM/ug_Prot. in treated sample —.CPM/ug Prot. in
DMSO control)/CPM/ug Prot. in DMSO contro]j x 100. Results are the

f average of duplicate plates from 2 experiments.
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FIGURE LEGENDS
Fig. 1. Morphological effect of TPA on PAT cells. PAT cells were seeded
' ' fand:infected with LA24‘asvdescfibed in Materié]s and Methods .
TPA (10 ng/mT) was added 7 days after initial ﬁeeding.tb infected :,"

| cells at 41°;"Pi¢tures were taken 6 and 10 hrs later.

Fig. 2. Morphological effect of TPA oh_CEF under semisoft agar. CEF cells
weré prepared and infected.with LA24 as described im Matéfials ana
Methods. 'Four hrs after tertiary seeding, an agar overjay was
added as described. One day after addition of'agar, TPA (10”ng/m])r

wasvaddediunder the agar. Pictures were*taken.24_hrsrlatek.
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