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ABSTRACT

Many human tumors of epithelial origin contain cells overexpressing
the epidermal growth factor (EGF) receptor, and there is convincing
evidence that cancer cell growth is correlated with the loss of the normal
regulation of the EGF receptor signal transduction pathway. Some can
cers are clearly dependent on activation of the EGF receptor for their
proliferation. Recently, a class of compounds, tyrphostins, which inhibit
the protein tyrosine kinase activity of the growth factor receptor, have
been described. In this report, we have examined the antiproliferative
effects of potent new tyrphostins on a well-characterized human squa-
mous cell carcinoma in vitro and in vivo. We found that two of these
compounds (RG-13022 and RG-14620) suppressed not only EGF-stim-
ulated cancer cell proliferation in vitro but also tumor growth in nude
mice. RG-13022 also increased the life span of these tumor-bearing nude
mice. When administered to tumor-bearing nude mice together with
monoclonal antibodies to the EGF receptor at a suboptimal dose which
had no effect alone, inhibition of tumor growth was markedly enhanced.
These data suggest that tyrphostins have potential as anticancer agents.

INTRODUCTION

Human squamous cell carcinomas are among the most diffi
cult human malignancies to treat (1). They are notoriously
resistant to chemotherapy and radiation therapy, particularly
when they originate in the lungs, head, or neck (2, 3). Many
human squamous cell carcinomas contain large numbers of
EGF3 receptors (4) and may be dependent on the EGF receptor

signaling pathway for their proliferation in vitro and growth in
vivo (5, 6). Interfering with this pathway by pharmacological
means may provide an effective medical treatment for these
cancers.

In this paper, we describe the effects of several tyrphostins
on EGF-stimulated cell proliferation in tumor cells and on
EGF receptor tyrosine kinase activity in vitro. Two of these
compounds, RG-13022 and RG-14620, have longer-lasting ef
fects in cell culture than do the previously described tyrphostins
(7, 8), and this property prompted us to test these compounds
in vivo. We characterized the effects of these factors on cells
overexpressing EGF receptors to confirm their capacity to
inhibit EGF-dependent tyrosine kinase. These compounds were
administered to nude mice bearing the well-characterized hu
man squamous cell carcinoma MH-85, which is associated with
three paraneoplastic syndromes, hypercalcemia, leukocytosis,
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and cachexia (9, 10). We found that RG-13022 and RG-14620
not only inhibited EGF-stimulated proliferation of MH-85 cells
in vitro but suppressed the growth of MH-85 tumors in nude
mice and the expression of the paraneoplastic syndromes. Tu
mor-bearing nude mice treated with these agents lived signifi
cantly longer than corresponding tumor-bearing mice treated
by injections of vehicle.

MATERIALS AND METHODS

Compounds

The tyrphostins used in this study were RG-13022 and RG-14620
(Fig. 1). Forty HIMstock solutions of these compounds were made in
100% DMSO and diluted with the culture medium before addition to
the cells. The culture medium containing the equivalent concentrations
of DMSO served as vehicle controls and had no effect on MH-85
growth in culture and in nude mice.

HER14 Cells

Cells termed HER14 were prepared by transfecting NIH 3T3 (clone
2.2) (from Charlotte Fryling, National Cancer Institute, NIH), which
lack endogenous EGF receptors, with complementary DNA constructs
of wild-type human EGF receptor, as described (11, 12). HER14 cells
were shown to express high intrinsic tyrosine kinase activity. HER 14
cells were grown in DMEM (Gibco Laboratory, Grand Island, NY)
containing 10% calf serum (HyClone Laboratories, Logan, UT) and
supplemented with 2 mM L-glutamine and 100 units/ml of penicillin-
streptomycin (Gibco).

MH-85 Tumor and Cells

MH-85 tumor was derived from a patient with a squamous cell
carcinoma of the maxilla who manifested marked leukocytosis
(180,000/mnr1; >90% mature granulocytes), cachexia (loss of body

weight, muscle, and adipose tissue), and hypercalcemia (13.0 mg/dl)
(9). MH-85 cells were established in culture from the tumors formed
in athymic nude mice (10). The cells were grown in Â«MEM(Hazleton
Biologies, Inc., Lenexa, KA) supplemented with 10% PCS (HyClone)
and 1% penicillin-streptomycin solution.

Cell-free Autophosphorylation of EGF Receptor in Immunoprecipitates

Confluent HER 14 cell layers from 15-cm tissue culture dishes were
solubili/ed by scraping the cells in 1 ml of cell lysis buffer (50 mM 4-
(2-hydroxyethyl)-l-piperazineethanesulfonic acid, pH 7.5-150 mM
NaCl-1.5 mM MgCl2-l mM EGTA-10% glycerol-1% Triton X-100-4
Mg/ml phenylmethylsulfonyl fluoride-1 Mg/ml aprotinin-1 Mg/ml leu-
peptin). The lysates were cleared by centrifuging at maximum speed in
an Eppendorf microcentrifuge for 15 min at 4Â°C.Fifty ti\ of lysate were

used for each reaction. EGF (0.5 Mg/ml; Toyobo Inc., New York, NY)
was added to the lysate for 10 min at 4Â°Cprior to immunoprecipitation.

Lysates were incubated with protein A-Sepharose-purified mAblOS
(13) complex for 90 min in the cold and then washed 3 times with
buffer (20 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid, pH
7.5-150 mM NaCl-0.1% Triton X-100-10% glycerol). The washed im-
munoprecipitate was aliquoted and preincubated for 30 min on ice with
tyrphostins in 30 M' of the same buffer containing 5 mM MnCl2 and
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Fig. 1. Chemical structures of RG-14620 (left) and 13022 (right).

200 nM sodium orthovanadate. Autophosphorylation was initiated by
adding 4.5 nC\ of [7-32P]ATP (Dupont NEN, Wilmington, DE) and

unlabeled ATP to give a final concentration of 2 ^M ATP. After 2 min
at 4Â°Cthe reaction was terminated with 55 ^1 of 2x sodium dodecyl

sulfate sample buffer, and the samples were electrophoretically sepa
rated on a 7.5% sodium dodecyl sulfate-polyacrylamide gel (14). Quan-
titation was carried out by densitometry scanning of the
autoradiograms.

Autophosphorylation of EGF Receptor in HER14 Cells

Confluent HER 14 cells in 10-cm tissue culture dishes were trans
ferred to DMEM containing 0.5% PCS and incubated with tyrphostins
either overnight or for various periods of time. The cells were then
stimulated for 5 min with EGF (500 ng/ml) and lysed and subjected to
immunoblotting with anti-phosphotyrosine antibodies as described
(15). Quantitation was carried out by densitometry scanning of
autoradiograms.

Colony Formation

MH-85 cells (100/well; 24-well plate; Corning Glassware, Corning,
NY) and HER 14 cells (200/dish; 10-cm dish) were plated in complete
medium, either Â«MEM or DMEM, respectively, supplemented with
10% FCS. After overnight culture, the culture medium was switched to
Â«MEMsupplemented with 0.2% PCS and 50 ng/ml EGF (MH-85) or

DMEM supplemented with 0.5% PCS and 50 ng/ml EGF (HER14).
The cells were cultured in this medium in the presence or absence of
increasing concentrations of RG-13022 or RG-14620 for 10 days. At
the end of culture, the cells were fixed with 4% (v/v) formaldehyde in
calcium-magnesium-free phosphate-buffered saline for 15 min at room
temperature and stained with hematoxylin (13). Numbers of colonies
including more than 20 cells in each well were counted under the
microscope.

DNA Synthesis

MH-85. MH-85 cells (1 x 10"/0.1 ml) were plated onto 96-well

plates (fiat bottom; Corning) and cultured in Â«MEM supplemented
with 10% PCS overnight. The cells were then fed with Â«MEMsupple
mented with 0.2% PCS and 50 ng/ml EGF and cultured in this medium
in the absence or presence of increasing concentrations of RG-13022
or RG-14620 for 44 h. The cells were then incubated with 0.2 MCi/well
[me/A>>/-3H]thymidine (2.0 Ci/mmol; ICN Radiochemicals, Costa

Mesa, CA) for a further 4 h. At the end of incubation, the cells were
detached by treatment with trypsin-EDTA solution (Gibco) and har
vested onto glass fiber strips using a multiple automated cell harvester
(Cambridge Technology, Inc., Watertown, MA). The radioactivity was
measured by liquid scintillation counting.

HER14 Cells. DNA synthesis in HER14 cells was measured as
described (8)

Inoculation of MH-85 Tumor into Nude Mice

MH-85 tumors 5 mm in diameter were inoculated s.c. into the right
dorsal portion of 4- to 6-week-old male BALB/c nu/nu mice (HarÃan
Sprague-Dawley, Indianapolis, IN). Animals were fed ad libitum on
autoclaved diet (Tek-land-LH-485; calcium, 0.83 mg/kg; phosphorus,
0.65 mg/kg; HarÃanSprague-Dawley) and tap water (acidified to pH
2.5). Tumor sizes were measured once a week under anesthesia with

nembutal (0.05 mg/g body weight, i.p.) and calculated as described
(16).

Administrationof Tyrphostins in MH-85 Tumor-bearing Nude Mice

RG-13022 or RG-14620 in 0.1 ml 100% DMSO was injected i.p.
twice a day from 1day after MH-85 tumor inoculation. Control animals
were given the same vehicle.

RESULTS

Inhibition of Cell-free EGF Receptor Autophosphorylation by
RG-13022. In a cell-free reaction RG-13022 inhibited the au-
tophosphorylation reaction of the EGF receptor in immuno-
precipitates with an IC50of 4 /UM(Fig. 2). An amount of DMSO
equivalent to that used in the highest RG-13022 dose showed
no inhibitory effect (data not shown).

Inhibition of EGF Receptor Autophosphorylation in Intact
HER14 Cells by RG-13022. RG-13022 inhibited autophos-
phorylation of the EGF-receptor in HER 14 cells after an over
night incubation (Fig. 3/1). The IC50 of RG-13022 was 5 MM.
When a maximally inhibitory concentration of RG-13022 (60
MM)was added to HER14 cells and the incubation was contin
ued for various times, it was found that maximal inhibition of
autophosphorylation persisted even up to 48 h (Fig. 3ÃŸ).This
was in contrast to the situation found for RG-50864 (8) for
which inhibition was reversed by 48 h.

Inhibition of HER14 Growth in Culture by RG-13022 and
RG-14620. RG-13022 and RG-14620 inhibited colony forma
tion and DNA synthesis by HER 14 cells, which were stimulated
by 50 ng/ml EGF, in a dose-dependent manner (Fig. 4). The
ICsoSfor RG-13022 and RG-14620 were 1 and 3 MMfor HER 14
colony formation and 3 and 1 pM for HER 14 DNA synthesis,
respectively.

The longer-lasting actions of RG-13022 and RG-14620 on
autophosphorylation and growth in HER 14 cells in vitro led us
to examine these compounds in MH-85 tumors in vivo as well
as on MH-85 cells in vitro. MH-85 cells were shown to over-
express endogenous EGF receptors and are dependent on the
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Fig. 2. Effect of RG-13022 on cell-free autophosphorylation of the EGF
receptor in immunoprecipitates. Washed immunoprecipitates of EGF receptor
were preincubated with the indicated concentrations of RG-13022 for 30 min.
Autophosphorylation was initiated by adding [>-32P]ATP, and the reaction was

terminated after 2 min by adding sodium dodecyl sulfate sample buffer. Inset.
results of densitometric scanning of the autoradiogram. The same results were
obtained in several separate experiments.
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EGF receptor signal transduction pathway for their growth
both in vitro and in nude mice ( 17).

Inhibition of Ml 1-85 Growth in Culture by RG-13022 and RG-
14620. RG-13022 and RG-14620 also suppressed colony for
mation and DNA synthesis by EGF-stimulated MH-85 cells
(Fig. 5) in a dose-dependent manner. The IC50s for RG-13022
and RG-14620 on MH-85 cells were 7 and 4 /Â¿Mfor colony
formation and 1.5 and 1.25 /Â¿Mfor DNA synthesis, respectively.
The growth-inhibitory effect of RG-13022 and RG-14620 was
reversible (data not shown). Growth of Chinese hamster ovary
cells (18), which do not express EGF receptors, was not signif
icantly decreased by RG-13022 even at concentrations as high
as 40 /Â¿M(data not shown).

Inhibition of MH-85 Growth in Nude Mice by RG-13022 and
RG-14620. Nude mice implanted with MH-85 tumors mani

fested profound hypercalcemia, cachexia, and leukocytosis as
the tumor grew (Fig. 6, right; Ref. 10). RG-13022 (400 Mg/
mouse/day) significantly inhibited MH-85 tumor growth (Fig.
7). Because of slower tumor growth, MH-85 tumor-bearing
animals receiving injections of RG-13022 showed less cachexia
and hypercalcemia (Fig. 6, left), ate more food, and were more
active than untreated MH-85 tumor-bearing animals. As a
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Fig. 3. Effect of RG-13022 on autophosphorylation of the EGF receptor in
HERI4 cells. In A, cells were incubated for 17 h with RG-13022, stimulated for
5 min with EGF, lysed, and subjected to immunoblotting with anti-phosphoty-
rosine antibodies. H. kinetics. Cells were incubated with 60 (/\i RG-13022 (â€¢)
and 100 UM RG-50864 (â€¢).The same results were obtained in several separate
experiments.
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Fig. 4. Effect of RG-13022 (â€¢)and RG-14620 (A) on colony formation (A)
and DNA synthesis (A) by HER14 cells. Cells (200-100-mm dish in A and 1 x
lO'/well, 24 wells in B) were treated with RG-13022 or RG-14620 in the presence
of 50 ng/ml EGF for 10 days (A) and 17 h (B). Assays were carried out in
duplicate. The same results were obtained in several separate experiments.

result of suppression of tumor growth, RG-13022 prolonged
the life span of MH-85 tumor-bearing animals (Fig. 8). Admin
istration of RG-13022 at a dose of 100 Mg/mouse/day did not
show any effect on MH-85 tumor growth (Fig. 9). A newer
compound, RG-14620, at a dose of 200 ^g/mouse/day inhibited
MH-85 tumor growth in nude mice to the same degree as that
caused by 400 ÃŸgRG-13022 (Table 1).

Effect of RG-13022 and inAblOS Combination on MH-85
Growth in Nude Mice. We previously showed that MH-85
growth in nude mice was markedly suppressed by anti-EGF

receptor mAblOS (17). Since mAb 108 and tyrphostins act at
different steps in the signaling pathway, we thought it possible
that the effects of RG-13022 may be enhanced if used in

conjunction with mAb 108. Administration of mAblOS i.p. (1
mg/mouse/day) at 1, 5, and 10 days after MH-85 inoculation
of RG-13022 (400 /Â¿g/mouse/day) for 14 days profoundly in
hibited MH-85 growth in nude mice (Fig. 9). Lower concentra
tions of mAblOS (10 Mg) or RG-13022 (100 ^g) failed to
decrease MH-85 growth. However, combined administration
of these lower concentrations of mAblOS and RG-13022 syn-
ergistically decreased MH-85 growth (Fig. 9).
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Fig. 5. Effect of RG-13022 (â€¢)or RG-14620 (A) on colony formation (A) and
DNA synthesis (B) by MH-85 cells. Cells (100/well, 24 wells in A and 1 x IO4/
well, 96 wells in B) were treated with RG-13022 or RG-14620 in the presence of
50 ng/ml EGF for 10 days (A) and 48 h (B). Colony numbers and [3H]dThd
uptake by EGF-stimulated MH-85 cells which were not treated with RG-13022
and RG-14620 were 48/well and 18,322 dpm/well, respectively. Assays were
carried out in duplicate. The same results were obtained in several separate
experiments. Ordinate, percentage of untreated cultures.

DISCUSSION

In this paper, we have shown that the tyrosine kinase inhibi
tors RG-13022 and RG-14620 inhibit tumor growth both in
vitro and in vivo. These compounds were found to inhibit EGF
receptor autophosphorylation in immunoprecipitates and in
intact living cells that overexpress the EGF receptor (HER 14).
In contrast to the previously described tyrosine kinase inhibitor
RG-50864 (8), these compounds continue to inhibit autophos
phorylation in intact cells even after 48 h in cell culture (Fig
3B). RG-13022 in solution undergoes a light-induced trans/cis
isomerization. The cis and trans forms of RG-13022 are equally

inhibitory, and their biological effect is stable in cell culture for
many days.4 In contrast, RG-14620 is chemically stable. It was

this property of the prolonged duration of intracellular effect
that suggested RG-13022 and RG-14620 as potential antican-
cer candidates in vivo. RG-13022 and RG-14620 should be
effective in those tumors which contain cells which overexpress
the EGF receptor and respond to inhibition of the EGF receptor
signaling pathway. We assessed the effects of these agents on
the growth of a human squamous cell carcinoma (MH-85)
which overexpresses in EGF receptors. In other experiments,
we have found that growth of this tumor in vivocan be inhibited

by anti-EGF receptor mAb 108 (3) and by removal of the sub-

mandibular glands which in the adult male mouse are the source
of more than 95% of the circulating EGF. Injection of EGF in
sialoadenectomized mice leads to enhanced MH-85 tumor
growth (17). Thus, growth of the MH-85 tumor in vivo is
dependent on the EGF receptor signaling pathway, and this
model provides a suitable system for examining the potential
effects of tyrphostins. Using this model, we have clearly dem
onstrated that two of the tyrphostin compounds (RG-13022
and RG-14620) suppress MH-85 tumor cell growth in culture
and in nude mice and prolong the survival of tumor-bearing

animals.
It is suggested that RG-13022 and RG-14620 are effective

when used from the time of tumor inoculation. When the
compounds were administered to animals after tumors were
already established they failed to cause significant tumor regres
sion.4 The same result is seen when monoclonal antibodies to

human EGF receptors (19) or other chemotherapeutic agents
(20) are used in established tumors. These agents all cause
cytotoxicity of a fraction of the proliferating tumor cells, and
thus the larger the tumor at the time of the administration, the

4 Unpublished observations.

Fig. 6. Photograph of MH-85 tumor-bearing nude mice treated with (left) or
without (right) RG-13022. RG-13022 was administered i.p. from 1 day after
MH-85 tumor implantation for 14 days at a dose of 100 Â«ig/mouse/injection, 2
injections a day. The photograph was taken of the most representative animals
50 days after tumor implantation. Note the smaller tumor and less decrease in
body size, muscle, and adipose tissue in nude mouse treated with RG-13022 (left).
Blood ionized calcium was lower in the RG-13022-treated animal (1.62 mmol/
liter; left) than in the untreated animal (2.61 mmol/liter; right). Normal value of
blood ionized calcium is 0.95-1.25 mmol/liter.
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Fig. 7. Effect of RG-13022 on MH-85 tumor growth in nude mice. Arrows,
200 (jg/mouse/injection, 2 injections/day of RG-13022 were administered i.p.
from 1 day after MH-85 tumor implantation for 10 days (â€¢).Control animals
(O) received equal amounts of vehicle. Points, mean of 3 separate experiments;bars, SE; numbers in parentheses, number of animals studied: ', significantly

smaller than control group (P < 0.01 ).
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Fig. 8. Survival of MH-85 tumor-bearing animals treated with ( ) or without

( ) RG-13022 (200 Mg/mouse/injection; 2 injections/day) every day for 5
weeks.

less the absolute effect. This suggests that these agents may be
most useful therapeutically if administered in conjunction with
a debulking treatment such as surgical ablation. Based on the
demonstration that combination of suboptimal doses of
mAb 108 and RG-13022 synergistically decreased MH-85
growth in nude mice, it is also possible that RG-13022 and
RG-14620 will have greater utility when used in conjunction
with drugs such as cisplatinum and doxorubicin. These agents
have been found to exert profound antitumor effects when used
in conjunction with anti-EGF receptor mAb 108 in several

models of human cancer (13, 21, 22).
The MH-85 tumor is associated with three paraneoplastic

syndromes both in the original patient (9) as well as in tumor-
bearing nude mice (10). These paraneoplastic syndromes are
hypercalcemia, leukocytosis, and cachexia. Each of these syn
dromes was readily monitored in tumor-bearing mice by follow
ing blood ionized calcium, WBC, and body weight. When tumor
mass or burden was diminished by treatment with the tyrphos-
tins, we found a simultaneous decrease in the severity of these
paraneoplastic syndromes. Other experiments suggest these
syndromes are mediated, at least in part, by a tumor factor
which stimulates the production of cytokines such as tumor
necrosis factor by host immune cells, and these tumor products

and host cytokines work in concert to cause the paraneoplastic
syndromes (23). However, these syndromes are entirely de
pendent on the mass of the transplanted tumor, and decreasing
tumor mass by use of the tyrosine kinase inhibitors RG-13022
and RG-14620 also leads to abatement of the paraneoplastic
syndromes.

Our data suggest that tyrphostins may be useful anticancer
drug candidates if they can be shown to have limited or accept
able toxicity. Because of the ubiquitous presence of tyrosine
kinases in various normal tissues, the tyrosine kinase inhibitors
may be cytotoxic to these tissues as well as to MH-85 tumors.
However, in our experiments, growth of Chinese hamster ovary
cells which lack endogenous EGF receptors was not suppressed
by tyrphostins at concentrations 20 to 30 times higher than the
ICso for MH-85, suggesting that tyrphostins might act prefer
entially on cells with high intrinsic expression of EGF receptor
tyrosine kinase. Moreover, MH-85 tumor-bearing nude mice
treated with 400 Â¿ig/dayRG-13022 or with 200 ng/day RG-
14620 for 4 weeks were more active, ate more food, and lost
less weight than untreated animals. This is partly due to de
creased tumor growth, but it at least suggests that RG-13022
and RG-14620 administered according to our protocol are not

Tumor Size (cm3) (Mean ?S.E., n = 6)
40130-20-

10-

0T';"!None*TIi1mAb108
RG130221mglOng

400iig 100|ig

t
*

mAb108 10iig
+ RG13022

100|ig

Fig. 9. Effects of RG-13022 and mAblOS on MH-85 tumor growth in nude
mice. RG-13022 (50 Kgor 200 ng/mouse/injection; 2 injections/day) was admin
istered i.p. from 1 day after MH-85 tumor inoculation for 14 days, mAb l OK(10
ng or 1 mg/mouse/injection) was administered i.p. at days 1, 5, and 10 after MH-
85 tumor inoculation. Tumor size was measured 7 weeks after MH-85 tumor
inoculation. Columns, mean; bars, SE; n = 6. ", significantly smaller than untreated
control group (/' < 0.01): ', significantly smaller than animals treated with 10 Mg
mAblOS or 100 ^g RG-13022 alone (/>< 0.01).

Table 1 Effect of tyrophostins on MH-85 growth in nude mice
Tyrophostins (200 ng for RG-13022 or 100 ^g for RG-14620/mouse/injection;

2 injections a day) were injected i.p. from the time of tumor inoculation for 4
weeks. Tumor size was measured 5 weeks after tumor inoculation and calculated
as described in the text.

Treatment
(iig/mouse/day)DMSORG-13022

(400â€žg/mouse/day)RG-14620

(200 ^g/mouse/day)Mice1234512341234Tumor

size
(cm3)224420191831411.477105MeanÂ±SE25

Â±55

Â±3Â°7Â±

1"

1Significantly different from DMSO-treated group (/>< 0.01).
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harmful to the host animals. Of course, extensive histological
examination of the organs of animals receiving injections of
tyrphostins is needed.

Although the results described here have demonstrated that
tyrosine kinase inhibitor tyrphostins inhibit EGF-dependent
growth of MH-85, our more recent data have shown that
tyrphostins also suppress in vitro growth of human breast cancer
cells such as MCF-7 and T47D cells which are known to express
relatively low levels of EGF receptors (24). Furthermore, tyr
phostins inhibit growth of breast cancer cell which is stimulated
by insulin, insulin-like growth factor I and II, and estrogen (25).
Thus, antiproliferative effects of tyrphostins are not as specific
for cells with overexpression of EGF receptors as we had
initially anticipated but do seem to be effective on malignant
cells with high intrinsic tyrosine kinase activity.

The effects of tyrphostins on other non-EGF receptor types
of tyrosine kinase have not been extensively studied yet. In our
preliminary experiments, RG-13022 decreased the activity of
tyrosine kinase in human osteosarcoma cell line MG-63 which
shows the same mobility as that of src tyrosine kinase of the
human leukemia cell line HL-60 (26) on a native gel,4 suggest
ing tyrphostins act also on non-receptor-type tyrosine kinases
such as src.

In conclusion, this work demonstrates that the compounds
which inhibit the tyrosine kinase activity of the EGF receptor
also inhibit the growth of a human squamous cell carcinoma in
nude mice. These results raise the possibility that tyrosine
kinase inhibitors may prove to be useful agents for the treatment
of a variety of cancers in which tyrosine phosphorylation by
oncogene products plays a role in cell transformation.
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