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ABSTRACT

The inoculation of Rous sarcoma virus (RSV) into chickens results in
the induction of tumors which usually grow progressively for several
weeks and then regress. We have found that the direct injection of
phorbol m>ristate acetate into growing RSV-induced sarcomas resulted
in accelerated tumor regression in each of 11 cases studied. We further
found that treatment of cultured Rous sarcoma cells with phorbol my-
ristate acetate for 72 h resulted in a 50% diminution in numbers of viable
cells, in comparison with controls, and a 60% reduction in DNA synthesis.
We also investigated alterations in the pp60"' kinase activity of cultured

RSV-induced tumor cells after treatment with phorbol myristate acetate
and found that pp60*" kinase activity was reduced to 65-95% of control
levels. This inhibition of ppoir" kinase was both time- and concentration-
dependent. Western blot analysis, using a tumor-bearing rabbit serum,
indicated that the ppfiir" protein was reduced by 35-65% in treated cells,
while Pr76, precursor of the structural RSV-proteins, was diminished by
10-35%. In contrast, munirai proteins such as artin were not significantly
affected.

INTRODUCTION

Tumor promotion and tumor promoters have been exten
sively studied in a wide variety of models. The most commonly
used promoter of carcinogenesis is PMA.4 However, differential

effects of this agent have been reported in different systems.
For example, PMA was found to stimulate DNA synthesis in
mouse epidermal cells, but to inhibit DNA synthesis in human
epidermal cells (1, 2). In the avian system, numerous experi
ments have documented that exposure of normal and RSV
transformed CEF cells to PMA can have profound effects on
cell morphology, growth properties, cellular secretions, and
protein phosphorylation (3-5).

RSV, when injected into chickens, induces tumors which
usually grow progressively for several weeks and then regress
(6). Tumor regression in this model is mainly due to a cell-
mediated immune response (7). RSV-induced cell transforma
tion is initiated and maintained by the expression of the viral
oncogene src which encodes a M, 60,000 phosphoprotein ty-
rosine-kinase (8,9), termed pp60src. We have shown that ppoO"0

kinase activity is greatly reduced in regressing as opposed to
progressively growing Rous sarcoma cells (10), and have ac
cordingly postulated that the integrity of a functional pp60"r' is

essential to progressive tumor growth. PMA treatment of RSV-
transformed CEF cells has no apparent effect on levels of either
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viral pp60v'srcor homologous ppof/Irc activity (11). Recently, it
has been demonstrated that pp60c srcand pp60v sreare phospho-

rylated at a novel site through the action of PMA (12). The
biological significance of this phosphorylation is not under
stood.

The present study was carried out to assess the effect of PMA
not on RSV-transformed CEF cells but rather on Rous sarcoma
cells which have been obtained from RSV-induced neoplasms.
Our results show that direct injection of PMA into growing
avian sarcoma virus-induced sarcomas has a restraining effect
on tumor growth and that this can be correlated with inhibitory
effects on each of pp60src kinase activity, DNA synthesis and

cell replication.

MATERIALS AND METHODS

Tumor Induction and Cell Cultivation. Chickens of 6-10 weeks of age
were purchased from Institut Armand-Frappier, Laval, Quebec, Can
ada, or SPAFAS, Inc., Norwich, ( I. Birds received injections, into the
wing webs, of transformed culture supernatant fluid, containing ap
proximately 10: focus-forming units of the B77 strain of RSV. This

virus was grown in cultures of infected chicken embryo fibroblast cells,
and was employed in transformation assays, as previously described
(10). Animals which had been injected with this virus developed tumors
within 1 week at the site of inoculation. Growing avian sarcomas (about
2 cm in diameter) were excised aseptically at various times thereafter,
minced into 1-mnr pieces, subjected to trypsinization so as to achieve

a single cell suspension, and plated for growth in tissue culture in
Dulbecco's modified minimal essential medium supplemented with 4%

fetal calf serum, penicillin (100 U/ml) and streptomycin (100 Mg/ml).
In some instances, regressing tumors were similarly obtained from
animals which had been injected with RSV 3-4 weeks earlier, and in
which clear diminution in tumor size had occurred. Tumor size was
measured regularly by means of a pair of calipers. After 72 h in tissue
culture, the tumor cells were retrypsinized and passaged into fresh
vessels. The secondary cultures thus obtained were largely free of
contaminating elements such as lymphocytes, macrophages, and ne-
crotic tissue. These cells were seeded at conditions which permitted
exponential growth, and were treated over various times with PMA
(5-90 ng/ml). PMA (12-O-tetradecanoyl-phorbol 13-acetate) was ob
tained from Sigma Chemical Co. (St. Louis, MO). This compound was
dissolved in dimethylsulfoxide and further diluted in culture medium,
as required.

Assay for Reverse Transcriptase Activity. These studies were per
formed as previously described (13) using pelleted material (150,000 g,
2 h) from preclarified supernatant fluids harvested from 16 h cultures
of tumor cells treated and untreated with PMA (20 x 10' cells in each

instance). Pellets were resuspended in 0.1 M Tris buffer, pH 7.4.
Reactions were carried out in total volumes of 0.1 ml containing 50
HIM Tris (pH 8.3), 50 IHM KCI, 6 HIM magnesium acetate, 5 HIM
dithiothreitol, 0.05% Triton X-100,0.5 Â¿tgoligodeoxythymidylate (with
chain length of 12 to 18 nucleotides), 0.02 HIM[meiA>>/-3H]deoxythym-
idine-5'-triphosphate ([3H]dTTP, 50-80 Ci/mmol; New England Nu

clear Corp., Boston, MA) at a final specific activity of 1 Ci/mmol, 25
fi\ of resuspended virus pellet, and either polyriboadenylate or poly-
deoxyadenylate (1.0 Â«Â¿g)as template primer. Polydeoxyadenylate was
included as an internal control in case of contamination by cellular
polymerase. Mixtures were incubated at 37'C for l h and reactions

were terminated by the addition of ice-cold 10% trichloroacetic acid
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EFFECTS OF PHORBOL ESTER ON AVIAN SARCOMAS

and two drops of saturated sodium pyrophosphate. The precipitates
were collected on glass fiber filters, which were dried with ethanol and
finally counted in scintillation cocktail.

PI tÂ»irKinase Assays. For this purpose, sarcoma cell extracts were
prepared by the method of Collett and Erikson (14). Briefly, tumor
cells were washed twice in buffer [0.05 M Tris, 0.15 M NaCl (pH 7.2),
l IHMEDTA, 0.5% trasylol (100 KlU/ml)] and were then lysed in
radioimmune precipitation assay (RIPA) buffer {1% Triton X-100, 1%
Nonidet P-40,0.1 % SDS in buffer [0.05 M Tris, 0.15 M NaCl (pH 7.2),
1 uni EDTA, 0.5% trasylol (100 Kallikrein inactivating units/ml)]) for
10 min on ice. The lysates were clarified by centrifugation at 100,000
x i' for 30 min. Aliquots of supernatants (100 Mgof proteins) were

immunoprecipitated using an excess (2 pi) of TBR or normal rabbit
serum preabsorbed with 50 Â¿ilof boiled protein A-containing Staphy-
lococcus aureus (15). The immunoprecipitates were washed twice in
RIPA buffer and once in kinase buffer [20 HIMTris (pH 7.2), 5 mM
\ln< Ã¯..100 pM AMP. 0.5% trasylol]. The phosphorylation reactions
were performed in a final volume of 25 n\ of kinase buffer containing
0.4 MM[y-"P]ATP (1000-3000 Ci/mmol. New England Nuclear Corp)
for 10 min at 30'C. The reactions were terminated by adding 1.5 ml of

ice-cold stop buffer [20 HIM Tris (pH 7.2), 10 HIMNa2HPO4, 2 mM
ATP, 10 mM EDTA]. and the immune complexes were washed twice
in the same buffer and collected by centrifugation. The final pellets
were suspended in 50 Â¿ilof SDS gel buffer (8), heated at 95Â°Cfor 2

min and centrifuged to remove the bacteria. The supernatants were
analyzed by 10% polyacrylamide gel electrophoresis. The 32P-phospho-
rylated heavy chain of specific anti-src IgG was visualized by autora-
diography. The amount of phosphorus-32 transferred to the heavy
chain of IgG was also determined by excising this band out of the dried,
autoradiographed gel and assaying radioactivity by Cerenkov radiation.

Analysis of Western Blots. Proteins (100 /ig) from tumor cells were
subjected to electrophoresis in the presence of SDS on a 10% polyac
rylamide gel, and were then transferred to nitrocellulose sheets (0.45
um, Schleicher & Schuell, Inc., Keene. NH) at 60 V for 5 h in a buffer
containing 25 mM Tris, 192 HIMglycine, 20% methanol at pH 8.3 (16).
The electrophoretic blots were soaked in 5% skim milk in saline [10
mM Tris (pH 7.9), 140 mM NaCl] for 1.5 h at room temperature; this
was done with shaking in order to saturate additional protein binding
sites. They were incubated overnight at room temperature in the pres
ence of either TBR serum or anti-actin serum (Miles Scientific, Naper-
ville. IL) which had been diluted 1:100 into 5% skim milk in saline.
The immunoblots were washed in saline for 10 min, twice in saline
containing 0.05% Nonidet-P40 for 15 min, and finally in saline for 10
min. The blots were then incubated for l h at room temperature in the
presence of [l25I]protein-A (34 ^Ci/ng, Amersham Corp., Arlington

Heights, IL), diluted to 0.5 *iCi/ml in 50 mM Tris (pH 7.9), 140 mM
NaCl. The blots were again washed as above, dried, and exposed to
Cronex film for 16 h.

Quantitative DNA Assay. The content of cellular DNA was deter
mined using a DNA fluorochrome DAPI (4'-6'-diamidine-2-phenylin-
dole) procedure (17). Briefly, the cells were lysed in 0.2% Triton X-100
and 0.1% l N NaOH for 10 min at O'C. Aliquots of 200 it\ of cell

preparations were stained with 2.5 ml of DAPI solution, for 90 min in
the dark at room temperature. A DAPI stock solution (1 mg in 11 i >â€¢
was diluted to 2.5 i.e ml with the assay buffer containing 18 mM
Na2SO4 in 50 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid
buffer pH 7.0. The DAPI solution used in the test was freshly rediluted
with three volumes of the same buffer and six volumes of 11 O The
fluorescence of the DNA-DAPI complex was read on a Turner filter
fluori meter at lOx sensitivity using a 360-nm filter and a 450-nm
barrier filter. The concentration of DNA was determined on per cell
basis with known amounts (0.8-3.2 pg/ml) of calf thymus DNA (Sigma
Chemical Co.) prepared at the same time and under the same condi
tions.

Assay of Incorporation of (3H|Thymidine. Cells plated in 35-mm
dishes were labeled with 0.5 /iCi/ml of [;wiA>>/-3H]thymidine (pH]

dThd, 0.2 Ci/mmol; ICN, Irvine, CA). Radiolabeled cells were raised
with phosphate-buffered saline, and were lysed by treatment with l N
NaOH (0.1%) and 0.2% of Triton-XlOO for 10 min on ice. The lysates
were precipitated with 10% trichloroacetic acid and acid-insoluble

materials were collected on a glass fiber filter, dried with ethanol and
finally counted in scintillation cocktail.

In Vivo Treatment with PMA. Adult chickens were inoculated into
the wing web with avian sarcoma virus as described above. About
10-12 days after inoculation, by which time tumor size had reached at
least 2-cm diam, the tumors were injected with 0.5 ml of Dulbecco's
minimum essential medium containing PMA (10-90 ng/ml). In some
cases, this procedure was repeated every 48 h. Tumors in the control
group were similarly injected but with growth medium not containing
PMA. Tumor size was measured with a pair of calipers at least three
times weekly.

RESULTS

We examined the pp60src kinase activity of PMA-treated

Rous sarcoma cells during the period of exponential tissue
culture growth. Fig. 1 illustrates that ppoO5" kinase activity, as

determined in the IgG phosphorylation assay, was almost com
pletely inactivated following treatment with 30 ng/ml of PMA
for 3 h. It is of interest that only phosphorylation of IgG heavy
chain and not of ppoO5""itself is seen in this figure. This is
because the antisera utilized were nonreactive with those ppoO"0

sites at which autophosphorylation takes place. This experi
ment was carried out at each of five different cell passages and
yielded identical results each time.

We also asked whether this effect was transient or permanent
by analyzing ppoO"1 kinase activity after various times of PMA

treatment. Fig. 2 shows that strong inhibition occurred as soon
as 30 min after the addition of PMA (30 ng/ml) and was
maintained over at least a subsequent 16-h period in the pres
ence of PMA. Normal levels of kinase activity were restored
after 24 h of treatment with PMA and persisted for at least an
additional 24 h in the presence of PMA (results not shown).
However, such cells which had been treated for 24-48 h did

Iâ€”IgG

heavy
chain

heavy
chain

12 345

NO. OF PASSAGES
Fig. I. Levels of pp60" kinase activity in (a) DMSO-treated control avian

sarcoma cells and (b) PMA (30 ng/ml)-tFeated avian sarcoma cells. Treatment
was performed for 3 h. following which the cells were assayed for pp60*" kinase
activity. In some cases, the cells were trypsinized and plated into fresh vessels.
Treatment with PMA or DMSO was reinitiated as described above and Ihe cells
harvested for ppoO"0 kinase assays.
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Fig. 2. Loss of inhibition of ppoO1" kinase activity in avian sarcoma cells after
treatment with PMA (30 ng/ml) for the indicated times. Kinase activity was
determined as a percentage of that found in control cells treated with DMSO
alone.
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Fig. 3. Dose effect of PMA on ppoO1â„¢kinase activity of avian sarcoma cells.
The sarcoma cells were treated with PMA at the indicated concentrations for 3
h. Control cultures received DMSO only at concentrations equal to those used in
the case of PMA-treated cells. Kinase activity is expressed as the amount of
phosphorous-32 transferred to the heavy chain of the specific IgG in the immu-
noprecipitation kinase assay.

not become resistant to the effect of PMA; fresh addition of
this reagent resulted in renewed inhibition of ppfiO"" kinase

activity. Thus, that PMA which was initially added to the
cultures was either metabolized, consumed, or somehow ren
dered inactive by the end of a 24 h incubation period. We
should add that there is little or no contribution of pp60Â°'"*in

these studies to total src protein or kinase activity detected in
our assays, for the reason that the antisera used are not reactive
with thec srcprotein.

In addition, we investigated the effect of different doses of
PMA over a 3-h period (Fig. 3). The minimum concentration
of PMA which yielded a reasonable inhibitory effect of pp60"c

kinase activity was 15 ng/ml. In contrast, concentrations of 5
and 10 ng/ml gave rise to an increase of kinase activity. Con
centrations of PMA between 15-90 ng/ml inhibited ppoO*^
kinase by 65-95% and were nontoxic for the cells. In contrast,
when DMSO was added to control cells we found that concen
trations higher than 6 x 10'. (corresponding to about 30 ng/

ml of PMA) resulted in a proportionate increase in levels of
pp60src kinase activity. Lower concentrations of DMSO ranging
2-6 x 10"7% were without any significant effect. In conclusion,
in spite of minimal effects of DMSO in this system, pp60src

kinase activity was continuously inactivated in the presence of
30 to 90 ng/ml of PMA.

We examined the level of pp60"c produced in these PMA-
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Fig. 4. In a, Western blot analysis of the ppoO*" protein and the Pr76 avian
sarcoma virus precursor protein in cultured sarcoma cells treated with PMA (/'>
and DMSO (/'). using TBR serum. Tumor cells were treated with various
concentrations of PMA (IS, 30, 60, 90 ng/ml) or DMSO equivalent for 3 h and
the blots were reacted with TBR serum containing antibodies against both ppoO""
and Pr76; In ft, parallel immunoblots were performed using anti-actin serum as a
control for nonviral proteins; In <. The amounts of protein delected for each
concentration of PMA used were determined by densilometric tracing using a
laser densitometer (LKB Instruments, Bromma, Sweden) and were evaluated as
a percentage of that measured in control cells: â€¢,actin; D, Pr76; M, pp60"*.

treated sarcoma cells by western blot analysis. Fig. 4 shows that
ppoO" detected by immunoblot using TBR serum was much

reduced in sarcoma cells treated with PMA as compared to that
in control tumor cells treated with DMSO only. Similar effects
in regard to other viral proteins were much less pronounced.
For example, the precursor of the structural RSV-protein Pr76,
which is recognized by TBR serum, was also diminished in the
presence of PMA. The lower molecular weight band in Fig. 4a
is a protein with a molecular weight of about 50,000. This
protein is not detected in normal cells and does not correspond
to any known virion component. Conceivably, it might be an
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EFFECTS OF PHORBOL ESTER ON AVIAN SARCOMAS

intermediary in viral protein processing in these cells. To verify
the synthesis of non-viral protein in this experiment, equal
amounts of protein from each sample were run in parallel on
the same gel and analyzed as described above using an ami-
act in serum (Fig. 46). Actin levels were chosen for analysis as
an internal control. Of course, this experiment measures both
pp60 " and actin at steady state levels, rather than the contin

uing synthesis of these proteins. The results show that actin
synthesis does not seem to be affected by treatment with PMA.
The densitometer tracing showed in Fig. 4C illustrates more
precisely the relative amount of either viral (ppoO"0 and Pr76)

or nonviral (actin) proteins detected for each concentration of
PMA used versus DMSO. The results indicate that concentra
tions of PMA of 30-90 ng/ml caused a 35-65% reduction in
pp60"c and a 10-35% diminution in levels of Pr76. However,

detectable quantities of actin were reduced by only 0 to 7%.
We also examined the virus particles released from these

RSV-producing tumor cells in terms of ability to transform
normal CEF cells and viral reverse transcriptase activity. To
this effect, culture fluids were collected from either PMA- or
DMSO-treated sarcoma cells and processed as described in
"Materials and Methods." The effect of PMA (30 ng/ml, over

night) on virus release from cultured sarcoma cells is illustrated
in Table 1. Both transformation and reverse transcriptase assays
show that treatment with PMA had an inhibitory effect on
release of progeny virus. The lack of an apparent relationship
between levels of reverse transcriptase activity and infectivity
titers in all cases is not surprising, as the reverse transcriptase
and infectivity assays used are not directly comparable. In fact,
the lack of any direct correlation under such circumstances is
commonplace for retrovirus studies.

Supplementary experiments were performed to provide more
information about the interaction between PMA and pp60"c in

terms of malignant transformation and cell proliferation. We
initially looked at the effect of PMA on in vitro sarcoma cell
growth. Triplicate cultures of sarcoma cells were grown in the
presence of 30 ng/ml of PMA. The cells were harvested every
24 h and counted (Fig. 5). The results indicate that PMA was
dramatically inhibitory to cell growth, over the entire duration
of the experiment. DMSO, in contrast, had no significant effect.
Nor was this inhibition of growth attributable to cytotoxicity.
We next considered the possibility that PMA might inhibit
cellular division, by comparing the DNA content of PMA (30
ng/ml)-treated cells and of DMSO-treated control cells, 24 h
after treatment. The results of Table 2 show that no significant
differences exist between the DNA content of PMA- or DMSO-
treated cells on a per cell basis. The values ranged from 2.5 to

Table 1 Effect of PMA on release ofRSVby tumor cells
The sarcoma cells were treated overnight with 30 ng/ml of PMA or an

equivalent amount of DMSO. The medium was then collected and assayed for
infectious panicles or particle-associated reverse transcriptase. Fresh PMA or
DMSO preparations were added at each of the five passages.

RSV titer, ffu(log,,,)"Cultured

sarcoma cells
(passageno.)12

3
4
5DMSO-

treated
cells5.1

5.6
5.35
5.35
4.35PMA-

treated
cells4.85

4.6
4.6
4.6
3.35Reverse

transcriptase
(cpm)4DMSO-

treated
cells7810

NT
7460
NT
5630PMA-

treated
cells4542

NT
5218
NT

3532
* ffu, focus-forming units/ml.
* cpm, counts per min, the incorporation of [3H]thymidine was for 60 min at

37'C. Background level has been subtracted.
' NT, not tested.

O

TIME (hours)

Fig. 5. Inhibition of cell growth following treatment with PMA (30 ng/ml).
Fresh medium containing DMSO, PMA and DMSO, or no additives (control)
was added to the cultures every 48 h. Viable cell numbers per 35-mm petri plate
were determined daily.

Table 2 Effect of PMA on cellular DNA content of cultured Kous sarcoma cells
The cells were plated in triplicate and grown in the presence of PMA (30 ng/

ml) or equivalent DMSO for 96 h. The DNA content was determined at intervals
of 24 h using a fluorescent dye (4'6-diamidino-2-phenylindole).

Cell type pg DNA/ceIlÂ°

PMA-treated cells
DMSO-treated cells

2.8 (2.5-3.6)*
3.3 (2.5-4.1)

* Averages after 24 h of treatment.
* Numbers in parentheses, range.

Table 3 Effect of PMA on incorporation of Â¡'HJthymidineinto cultured Rous
sarcoma cells

The cells were plated in triplicate and grown in the presence of PMA (30 ng/
ml) or DMSO for 96 h. Thymidine incorporation was determined at intervals of
24 h.

cpm incorporated (cpm x IO3Â±SEÂ°)Time

(h)24

48
72
96PMA-treated

cells108
Â±8.2*

143 Â±4.9
193 Â±25.6
152 Â±3.5DMSO-treated

cells165

Â±13.0
206 Â±24.4
444 Â±46.2
373 Â±1.6

" Standard error of the mean.
* Average values Â±SE.

4.1 pg/cell for the PMA-treated cells and from 2.5 to 3.1 pg/
cell for the DMSO-treated cells. These figures correspond to
those found in chicken cells by other investigators who em
ployed a different assay (18). We also examined the amount of
[3H]thymidine incorporated by PMA- or DMSO-treated cells

under conditions of cellular proliferation (Table 3), and found
that treatment with PMA over 24 h resulted in a 35% reduction
in comparison with control cultures, and that this inhibitory
effect increased with time. These data suggest that PMA inhib
its DNA synthesis in our culture system; in these studies PMA
was freshly added to the cells every 48 h.

The foregoing data led us to evaluate the in vivo significance
of the action of phorbol ester on avian neoplasms. Accordingly,
we injected 0.5 ml of growth medium, containing 30 ng/ml of
PMA, directly into growing RSV-induced sarcomas at 48 h

3640

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3637/2427865/cr0470143637.pdf by guest on 19 M

ay 2023



EFFECTS OF PHORBOL ESTER ON AVIAN SARCOMAS

â€¢CONTROL

Â«PMA(30nB/rr

TIME (hourÂ»)

Fig. 6. Diminution of size of ASV-induced neoplasms in chickens following
direct intratumor injection of PMA (30 ng/ml). Data, individual measurements
obtained from each of six animals which had been inoculated with avian sarcoma
virus (about IO9focus-forming units), 1 week prior to the start of PMA treatment.
Controls were injected with Dulbecco's minimum essential medium containing

equivalent quantities of DMSO to those employed in the PMA treatment group.

intervals. The result was a significant reduction in the size of
the PMA-injected tumors as compared to tumors injected with
growth medium containing DMSO (Fig. 6). Within 24 to 48 h
following the second injection, all tumors of the three chickens
treated in this experiment in this way had completely regressed.
In contrast, regression only occurred several days later in the
case of controls. Similar findings were obtained in each of eight
other animals injected with PMA in this way. The concentration
of PMA found to be most efficient in this regard was 30 ng/
ml. Concentrations less than 10 ng/ml were without apparent
effect while treatment which employed more than 60 ng/ml
was often accompanied by bleeding or inflammation. It must
be remembered that RSV-induced tumors undergo regression
in almost all cases, due to a strong cell-mediated antiviral
immune response (7). This regression is hastened by treatment
with PMA.

DISCUSSION

This study reports on the response of cultured Rous sarcoma
cells to phorbol ester, and on the effect of such treatment on
pp60src tyrosine kinase activity (9, 19). We also examined the

effect of PMA on cellular DNA synthesis, and cell proliferation.
The major finding of this paper, namely that PMA inhibited
both pp60src kinase activity and DNA synthesis, was unex

pected. These results suggest that there is a correlation between
modulation of pp60src activity and DNA synthesis in these cells.

Of course, we would have liked to be able to show that the
PMA-induced diminution in pp60src kinase activity is causally
linked to the observed decrease in DNA synthesis in PMA-
treated cells. The establishment of such a direct relationship in
such a system as ours is not easy to accomplish, but further
work along these lines is in progress. In our model, cell prolif
eration may decrease because pp60src kinase activity is kept

stably inactivated for long periods, i.e., at least 16 h after each
new addition of PMA. The inhibition of pp60src kinase activity

could be a negative signal in the control of cellular function and
proliferation. Whether tyrosine phosphorylation in general is
necessary for a mitogenic response has not yet been clearly
established (19). However, protein tyrosine kinases have re
cently received considerable attention in regard to mechanisms
of growth control, and several oncogene products are known to
intercede in cellular growth control pathways. For example, the
src family of oncogenes, including yes, fgr, fps/fes, ros and abl,
all encode protein tyrosine kinases. These enzymes might phos-

phorylate proteins which deliver intracellular signals ultimately
leading to mitogenesis (20).

A recent review on oncogenes, ions and phospholipids pro
posed a model on the functions of oncogene proteins in the
pathway leading to cell proliferation (21). Briefly, this model
suggests that early events in the initiation of cell proliferation
are triggered by activation of phosphatidylinositol turnover.
Phosphatidylinositol turnover is proposed to be regulated by
oncogene protein kinases; such regulation could involve acti
vation of protein kinase C and ion flux. It is relevant to this
discussion that protein kinase C was also found to be activated
by the tumor-promoting phorbol esters (15). Moreover, kinase
C copurifies with a specific phorbol ester receptor (22). More
recent data have demonstrated that pp60v"srcand its normal
cellular homolog pp60c srcare phosphorylated at a specific site

in the presence of PMA (12, 23). Moreover, this specific phos
phorylation of pp60src is mediated via protein kinase C. We
have shown that PMA inhibits pp60src kinase activity and

sarcoma cell growth, both in vitro and in vivo. However, we
have failed to demonstrate relative alteration in the phospho
rylation of pp60src by either one-dimensional Staphylococcus
aureus V8 protease mapping or two dimensional isoelectrofo-
cusing (data not shown). The action of PMA in the modulation
of pp60src in Rous sarcoma cells is thus unclear.

The in vivo significance of the action of phorbol ester on
avian neoplasms is apparent from our studies showing that
tumor disappearance was speeded up in many cases by a factor
of two. While this enhancement of regression is not as great as
what we would have hoped to accomplish, we should reiterate
that it was consistently obtained. The acceleration of tumor
regression seen when tumors were injected with PMA might
reflect inhibition of the pp60src transforming activity. However,

the effect of PMA on tumor regression could be due to an
enhancement of the host immune response. For example, it has
been demonstrated that tumor cells which are cultured from
the rÃ©gresserphase of RSV-induced tumor growth are relatively
unreactive with antiviral antibody and are unable to elaborate
antigens which are stimulatory to the sensitized lymphocytes
of virus-injected hosts; this deficit can be overcome by treatment
of these cells with tumor promoter (24). Furthermore, the
PMA-stimulated production by cultured cells of plasminogen
activator, a lymphocyte mitogen (25), could result in augmented
levels of specific and natural antitumor immunity.

Further studies on the in vivo effects of PMA in this system
are in progress.
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