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Stat3 activation has been associated with cytokine-induced proliferation, anti-apoptosis, and transforma-
tion. Constitutively activated Stat3 has been found in many human tumors as well as v-abl- and v-src-
transformed cell lines. Because of these correlations, we examined directly the relationship of activated Stat3
to cellular transformation and found that wild-type Stat3 enhances the transforming potential of v-src while
three dominant negative Stat3 mutants inhibit v-src transformation. Stat3 wild-type or mutant proteins did not
affect v-ras transformation. We conclude that Stat3 has a necessary role in v-src transformation.

Cytokines—extracellular signaling polypeptides—are capa-
ble of inducing cellular programs including proliferation or
growth arrest and differentiation. Many cytokines activate
STAT (signal transducers and activators of transcription) mol-
ecules (10, 26); therefore, the role of STATS in growth control
is a crucial, incompletely explored issue. It has been known for
many years that interferons (IFNs) slow the growth of a wide
variety of cell types (2, 19). Both IFN-a and IFN-y activate
Statl, and this protein is required for growth restraint in re-
sponse to both IFNs (4, 8, 27).

In contrast, the results of several studies suggest that Stat3
may be involved in promoting cell growth: interleukin 6 (IL-6),
which activates Stat3, is required in liver regeneration (9), and
overexpression of IL-6 causes plasmacytomas (29); dominant
negative Stat3 inhibits gp130-mediated anti-apoptosis (13);
Stat3™/~ mouse embryos implant but fail to grow (30); Stat3
has been reported to be activated constitutively in human tu-
mors (14, 17, 25, 32, 36); and v-abl- and v-src-transformed cells
have constitutively activated Stat3 (6, 21, 35).

We evaluated the role of Stat3 in cellular transformation by
determining its contribution to v-src transformation. Colony
formation in soft agar induced by newly introduced v-src was
increased by wild-type Stat3 but not by mutant proteins that
failed to be phosphorylated or to bind DNA. Also, in cells
already transformed by v-src, the introduction of extra Stat3
led to an increase in the number of colonies in soft agar. In
contrast, the presence of Stat3 dominant negative mutant pro-
tein had an inhibitory effect on the colony-forming capacity of
v-src-transformed cells. The enhancement of v-src transforma-
tion by Stat3 was associated with increased Stat3 activity (as-
sayed by DNA binding and transcriptional activation), while
suppression of v-src transformation by the dominant negative
Stat3 mutants correlated with decreased Stat3 activity. Thus,
activated wild-type Stat3 has oncogenic potential and v-src
transformation requires Stat3 activation.

MATERIALS AND METHODS

Plasmids. Stat3 was cloned into RecCMV-Neo (Invitrogen) tagged at the 3’
end with a FLAG epitope (7, 33). Stat3Y705-F was generated by PCR and
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cloned into RecCMV-Neo and tagged at the 3’ end with a FLAG epitope.
Stat3DB contains changes within its DNA-binding domain (VVV461-463AAA
and EE434-435AA) and is also tagged at its 3’ end with a FLAG epitope.
Individual clones having mutations at positions 461 to 463 and 434 to 435 (16)
were joined by PCR and recloned. The resulting double mutant protein becomes
phosphorylated in response to epidermal growth factor but does not bind DNA
(15). Stat3S, which contains an alanine instead of a serine at position 727, was
cloned into RecCMV (34). pBabe/v-src was a gift from H. Hanafusa, and v-src-
transformed cells were selected with puromycin (24). pRSV Ha-ras“"®! contains
a constitutively active ras oncogene (11). The luciferase reporter plasmid used
contains three copies of the Ly6E Statl and Stat3 binding site (34). A B-galac-
tosidase expression plasmid (Invitrogen) was used in luciferase assays for nor-
malization.

Tissue culture and soft agar assay. NIH 3T3 cells were obtained from the
American Type Culture Collection. v-src-transformed NIH 3T3 cells were ob-
tained by transfecting NIH 3T3 cells with pBabe/v-src and selecting for transfor-
mants with 2ug of puromycin (Sigma) (24) per ml. All cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10% Cosmic calf
serum (HyClone). Lipofectamine reagent (Life Technologies) was utilized for all
transfections. Typically, for a 35-mm-diameter dish containing 5 X 10° cells, 6 .l
of Lipofectamine and 1 ug of each plasmid to be transfected was utilized. We
increased the ratio of Stat3 or Stat3DN to v-src or ras by introducing 1.8 ug of
RcCMYV, Stat3, Stat3Y, Stat3DB, or Stat3S to 200 ng of v-src or ras. Selection
and maintenance of plasmids in NIH 3T3-based cells required 800 pg of G418
sulfate (Geneticin; Life Technologies) per ml and/or 2pg of puromycin (Sigma)
per ml. Soft agar assays were performed essentially as described previously (20).
Twenty hours after transfection, cells were fed with DMEM plus 10% bovine calf
serum (BCS). Twenty-four hours later, the cells were trypsinized and 5 X 10°
cells were plated into 3 ml of soft agar (BiTek; Difco) containing 1X DMEM,
10% BCS, and the appropriate selective antibiotics. Two to 3 weeks later, col-
onies were counted. Typically, these assays were carried out in parallel with 4 to
10 replications. Averages of the replications with standard deviations are pre-
sented in the figures and in Table 1. For viability assays, 5 X 10° cells were plated
into 3-cm-diameter dishes containing DMEM, 10% BCS, 800 g of G418 sulfate
per ml, and 2g of puromycin per ml. Cells were counted with a Coulter counter
and by a hemacytometer 5 and 7 days later. This assay was performed in tripli-
cate. Averages with standard deviations are presented in Table 2.

In vitro assays. Transcriptional assays were performed by transiently trans-
fecting NIH 3T3 or v-src-transformed cells with RcCMV-Neo-based plasmids
and pBabe/v-src and Ly6E luciferase plasmids. Twenty hours after transfection,
the cells were fed with DMEM plus 10% BCS. Twenty-four hours later, the cells
were lysed and luciferase (Promega) assays were performed according to the
Promega protocol. Each transfection was normalized to concomitant 3-galacto-
sidase expression from a control-transfected plasmid (Invitrogen) (1). Nuclear
extracts were made from transiently transfected cells, as described previously
(34), and electrophoretic mobility shift assays (EMSA) were performed as de-
scribed previously (12) with 3?P-labeled Stat binding site M67 SIE (31) oligonu-
cleotide. Western blotting was carried out by standard methods (1). Anti-Stat3-C
serum was diluted 1:1,000 for Western blotting and 1:100 for supershifting of
DNA-protein complexes in EMSA gels. Anti-M2 (FLAG) monoclonal antiserum
(Kodak/IBI) was used at a 1:500 dilution for Western blotting and at a 1:100
dilution for supershifting of DNA-protein complexes. Antiphosphotyrosine
PY20 monoclonal antiserum (Transduction Laboratories) was used at a 1:1,000
dilution for Western blotting.
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FIG. 1. Wild-type Stat3 and dominant negative Stat3 constructs. (A) Wild-
type Stat3 was cloned into RcCMV-Neo and tagged at the 3’ end with a FLAG
epitope (7, 33). (B) Stat3Y705-F was generated by PCR and cloned into
RcCMV-Neo and tagged at the 3’ end with a FLAG epitope. The expressed
protein can be detected with FLAG (M2) monoclonal antiserum or Stat3-C
antiserum. It cannot be phosphorylated on Y705 and can presumably compete
with wild-type Stat3 for v-src or other kinases (5, 6). (C) Stat3DB was tagged at
the 3’ end with a FLAG epitope which contains slightly fewer amino acids than
those of the above constructs. Within the Stat3 DNA-binding domain, multiple
changes (VVV461-463AAA and EE434-435AA), which abolish the ability of
this protein to bind DNA while it retains the ability to be phosphorylated, form
dimers, and translocate to the nucleus (15, 16), were made. (D) Stat3S contains
an alanine instead of a serine at position 727 (34). This protein can be phos-
phorylated on tyrosine, form dimers, and bind DNA, but it cannot fully activate
transcription (34). Stat3S was cloned into ReCMV and does not contain a FLAG
epitope (34).

RESULTS

Expression constructs used to establish the role of Stat3 in
v-src transformation. Oncogenic transformation of cells in
vitro often requires cooperation between two different types of
proteins with oncogenic potential (18), and v-src transforma-
tion is known to lead to activation of endogenous Stat3 (6, 35).
To test whether Stat3 cooperates with v-src in cellular trans-
formation, we transfected NIH 3T3 cells both with v-src in a
vector containing the gene for puromycin resistance (24) and
with an expression vector encoding resistance to G418 that
controls expression of wild-type Stat3, Stat3Y, Stat3DB, and
Stat3S or the expression vector alone (Fig. 1). The three mu-
tant STATs act as dominant negative variants of wild-type
protein during IL-6 or epidermal growth factor induction of
Stat3 activity through various mechanisms (15, 22, 23, 34) and
could be expected to inhibit endogenous Stat3 in v-src-trans-
formed cells by similar mechanisms.

The Stat3Y mutant, which cannot be phosphorylated on
tyrosine 705 (34), may compete with the wild-type protein for
the activating kinase. It has been reported that Stat3 and v-src
can be coprecipitated (6); therefore, it is possible that Stat3 is
directly activated by v-src. Alternatively, some other kinase
activated by v-src may be responsible for the constitutive acti-
vation of Stat3 (5).

The Stat3DB mutant combines both of the mutations (VVV
to AAA and EE to AA) that were earlier shown to allow
phosphorylation on tyrosine, dimerization, and nuclear local-
ization but no DNA binding (15, 16). Stat3DB may function in
a dominant negative manner by forming heterodimers with
wild-type Stat3, rendering this complex inactive due to its in-
ability to bind DNA (15).

The Stat3S mutant contains an alanine in place of a serine at
position 727. This mutant protein can be phosphorylated on
tyrosine 705 and can bind DNA but showed reduced transcrip-
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FIG. 2. Stat3 potentiates v-src transformation in soft agar colony-forming
assays. (A) NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter dish) were
transfected with RcCMV plus v-src and Stat3 plus v-src. One microgram of
RcCMV-based vectors was used per transfection; 500 ng of pBabe/v-src (24) was
used per transfection. Twenty hours after transfection, the cells were fed with
DMEM plus 10% BCS. Twenty-four hours later, the cells were trypsinized and
plated (5 X 10° cells in 3ml) into soft agar with 10% BCS (20) containing 2 g
of puromycin per ml and 800 wg of G418 per ml. Seventeen days later, colonies
were counted. Each bar represents the average of 10 independent transfections
performed simultaneously; each error bar indicates the standard deviation. (B)
v-sre-transformed NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter dish) were
transfected (as above) with RcCMV and Stat3. One microgram of the RecCMV-
based vectors was used per transfection. Twenty hours after transfection, the
cells were fed with DMEM plus 10% BCS. Twenty-four hours later, the cells
were trypsinized and plated (10° cells in 3 ml) into soft agar containing 2 pg of
puromycin per ml and 800 pg of G418 per ml. Fourteen days later, colonies were
counted. Each bar corresponds to the average of six independent transfections
performed simultaneously; each error bar indicates the standard deviation.

tional activation potential in acute transfection assays (34).
Stat3S produced in excess will, upon activation, form homo- or
heterodimers with the majority of the wild-type protein, result-
ing in poor transcriptional activation.

Potentiation of v-src transformation by Stat3. NIH 3T3 cells
were transfected with v-src- and Stat3-containing plasmids and
plated in soft agar containing puromycin and G418 to assay for
transformed cells expressing proteins from both vectors. As
expected, the cells expressing v-src and control vector
(RcCMYV) gave transformants, but when wild-type Stat3 sup-
plemented v-src, three to five times as many colonies were
observed (Fig. 2A and Table 1). A second assay, for the effect
of additional Stat3 protein in cells already transformed by
v-src, was carried out. The vectors carrying G418 resistance
were transfected into cells already stably transformed by v-src,
and the cells were plated in soft agar containing puromycin and
G418. The v-src-transformed cells that had acquired G418 re-
sistance formed colonies in this assay. Those that expressed
additional wild-type Stat3 formed three to four times as many
colonies as the v-src-transformed cells (Fig. 2B and Table 1).

Suppression of v-src transformation by Stat3 dominant neg-
ative mutants. In contrast with the above findings, cotransfec-
tion of 500 ng of v-src with 1 pg of Stat3Y, Stat3DB, or Stat3S
resulted in a depression of the transformation caused by v-src
(Fig. 3A and Table 1). Similarly, expression of Stat3Y,
Stat3DB, or Stat3S lowered the number of colonies in cells
stably transformed by v-src, compared to RcCMYV alone (Fig.
3B and Table 1). A more profound reduction in colony num-
bers relative to RcCMV/v-src was observed when the ratio of
cotransfected Stat3 dominant negative mutants to v-src was
increased to about 10:1 (1.8 to 0.2 pg) (Fig. 3A and Table 1).
Transfection of NIH 3T3 cells with RcCMV, Stat3, Stat3Y,
Stat3DB, or Stat3S alone yielded no transformants or colonies
in soft agar (Table 1).
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TABLE 1. Colony forming by NIH 3T3 cells transfected with
various plasmid constructs®

No. of NIH 3T3 colonies No. of v-src-
Plasmid at ratio of”: transformed
construct NIH 3T3
1:2 1:10 colonies
RcCMV 0 0 517
Stat3 0 0 183 £ 15
Stat3Y 0 0 22+5
Stat3DB 0 0 27 4
Stat3S 0 0 20 =3
v-src/RcCMV 37+5 32+3 ND¢
v-src/Stat3 171 = 16 105 =5 ND
v-src/Stat3Y 18 =5 7x2 ND
v-src/Stat3DB 21 +7 2=*1 ND
v-src/Stat3S 16 =3 11 ND
v-Ha-ras""®! 30=5 16 + 3 ND
v-ras/Stat3 336 17+ 4 ND
v-ras/Stat3’Y 36 +4 15+4 ND
v-ras/Stat3DB 32+3 15+2 ND
v-ras/Stat3S 386 16 + 4 ND

“ NIH 3T3 and v-src-transformed NIH 3T3 cells were transfected with various
combinations of RcCMV (control vector), Stat3, Stat3Y, Stat3DB, Stat3S, pB-
abe/v-src, and v-Ha-ras""°! and plated into soft agar as described in the legends
to Fig. 2, 3, and 5.

> Ratios are of v-src or v-ras to ReCMV Stat3-based constructs.

¢ ND, not done.

In vitro demonstration of the expression and activity of
Stat3 constructs. To demonstrate that activated Stat3 was
present under conditions in which heightened or reduced cell
transformation was observed, several tests were conducted

COLONY #
COLONY #

FIG. 3. Stat3 dominant negative mutants abrogate v-src transformation. (A)
The black columns indicate NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter
dish) transfected with a 1:2 ratio (500 ng to 1 pg) of v-src plus RcCMYV, v-src plus
Stat3Y, v-src plus Stat3DB, or v-src plus Stat3S and plated in soft agar, as
described in the legend to Fig. 2A. Seventeen days later, colonies were counted.
Each black bar represents the average of 10 independent transfections per-
formed simultaneously; each error bar indicates the standard deviation. The grey
columns indicate NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter dish)
transfected with a 1:10 ratio (0.2 to 1.8 pg) of v-src plus RecCMV, v-src plus
Stat3Y, v-src plus Stat3DB, or v-src plus Stat3S and plated in soft agar, as
described in the legend to Fig. 2A. Twenty-five days later, colonies were counted.
Each grey bar represents the average of three independent transfections per-
formed simultaneously; each error bar indicates the standard deviation. (B)
v-src-transformed NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter dish) were
transfected with RecCMYV, Stat3Y, Stat3DB, or Stat3S and plated in soft agar, as
described in the legend to Fig. 2B. Fourteen days later, colonies were counted.
Each bar corresponds to the average of six independent transfections performed
simultaneously; each error bar indicates the standard deviation.
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with NIH 3T3 cells. A Stat3-driven luciferase promoter con-
struct (34) was introduced by transfection along with various
other expression constructs. First, it was clear that v-src alone
was capable of driving increased transcription of the target
gene in NIH 3T3 cells (Fig. 4A) in association with the acti-
vation of endogenous Stat3 (Fig. 4D, lane 5). The addition of
extra Stat3 alone led to a small amount of activation, poten-
tially due to a background activation of Stat3 in serum-grown
cells (Fig. 4A). There was, however, a substantial (2.2-fold)
transcriptional increase over v-src alone with the addition of
extra Stat3 (Fig. 4A). In addition, the dominant negative Stat3
mutants greatly decreased (approximately fivefold) the tran-
scriptional activation caused by v-src, indicating competition
between the mutant proteins and the endogenous wild-type
protein (Fig. 4A).

To test directly for activated Stat3 under the conditions
described above, we examined cell extracts from the trans-
fected cells for Stat3 binding activity. This requires tyrosine
phosphorylation and dimerization of the Stat3 protein (34). In
these transfection experiments, all of the Stat3 constructs, with
the exception of Stat3S, had a short protein marker, the FLAG
epitope (7, 34), inserted at the end of the molecule so that
newly added protein could be recognized by a commercial
FLAG antiserum, M2 (Fig. 4B). Furthermore, the relative
increase of introduced Stat3 or Stat3 dominant negative mu-
tants over endogenous Stat3 is demonstrated by a Stat3-probed
Western blot (Fig. 4C; compare lane 1 or 6 to lanes 2 to 5 or
7 to 10, respectively). The DNA-binding complexes from var-
ious transfected cells were examined in native gels with a
deoxyoligonucleotide to which Stat3 binds. The most impor-
tant comparison in this experiment is between extracts from
cells transfected with v-src alone or v-src plus wild-type Stat3.
v-src induces activation and DNA binding of endogenous Stat3
(Fig. 4D, lane 5). When extra Stat3 was added along with v-src,
the cell extracts gave a substantial increase in DNA-binding
complexes (Fig. 4D, lane 6), in agreement with the increased
transcriptional activation (Fig. 4A). All of the DNA-binding
complexes could be supershifted by the M2 antiserum, indicat-
ing that in the cells receiving the transfecting vectors there was
enough FLAG-tagged Stat3 produced so that almost every
Stat3 dimer contained one FLAG-tagged molecule (Fig. 4D,
lane 7). Likewise, extracts from Stat3S- and v-src-transfected
cells gave DNA-binding complexes which could be super-
shifted by Stat3-C antiserum (Fig. 4D, lanes 14 and 15).

Unphosphorylated Stat3 does not cooperate with the ras
oncogene. To test whether Stat3 could enhance the colony-
forming capacity of cells transformed by any oncogene, we
transfected NIH 3T3 cells with the series of Stat3 proteins
together with v-Ha-ras (11) into NIH 3T3 cells. v-ras transfor-
mation in NIH 3T3 cells does not lead to constitutive phos-
phorylation of Stat3 (3). Neither wild-type Stat3 nor the dom-
inant negative forms of the protein affected the number of
v-ras-transformed colonies (Fig. SA and Table 1). As described
above for v-src, we increased the ratio of wild-type Stat3 or
Stat3 dominant negative mutants to v-ras and performed col-
ony assays, again with no effect on v-ras-induced colony for-
mation (Table 1).

Introduced wild-type or dominant negative Stat3 proteins
do not effect overall tyrosine phosphorylation by v-src. To
determine if the addition of supplementary wild-type Stat3 or
dominant negative Stat3 altered the tyrosine kinase activity of
v-src, we transfected NIH 3T3 cells with the series of STAT
constructs without and with v-src at a 2:1 ratio. Phosphoty-
rosine (PY20) Western blot analysis was performed on whole-
cell extracts from transfected cells (Fig. 5B), demonstrating no
obvious differences in overall phosphotyrosine pattern or in-
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FIG. 4. Invitro assays. (A) Luciferase assay. NIH 3T3 cells (5 X 10° cells in a 35-mm-diameter dish) were transiently transfected (as described in the legend to Fig.
3A) with RecCMYV, Stat3, Stat3Y, Stat3DB, Stat3S, v-src plus RcCMYV, v-src plus Stat3, v-src plus Stat3Y, v-src plus Stat3DB, or v-src plus Stat3S. All were transfected
with 1 pg of Ly6E (three copies) Luc (34) and a B-galactosidase expression vector. One microgram of RcCMV-based vectors was used per transfection; 500 ng of
pBabe/v-src was used in appropriate transfections. Twenty hours after transfection, the cells were fed with DMEM plus 10% BCS. Twenty-four hours later, the cells
were lysed and luciferase assays were performed. Each bar represents the average of eight individual transfections with standard deviations, each performed in duplicate
and normalized to B-galactosidase activity. (B) FLAG Western blotting. Thirty micrograms of protein per lane from whole-cell extracts from transiently transfected NIH
3T3 cells or v-sre-transformed cells (as in Fig. 5A) were analyzed by Western blot analyses using chemiluminescence. The Stat3DB-FLAG construct is slightly smaller
(see Fig. 1C) and therefore migrates faster. Stat3S expression was not determined due to its lack of a FLAG epitope. (C) Stat3 Western blotting. As in panel B, 30
wg of protein per lane was analyzed for the relative levels of Stat3 protein. Lanes 1 and 6 reveal endogenous levels of Stat3 protein, while the other lanes demonstrate
that the transiently transfected cells are producing additional Stat3 protein. (D) Gel shift. NIH 3T3 cells were transiently transfected as described in the legend to Fig.
5A. Nuclear extracts from these cells were used in an EMSA using a 3°P-labeled Stat3 binding site (M67) (31). Stat3-Stat3 homodimers form when Stat3 is

phosphorylated on tyrosine 705. M2 (FLAG) monoclonal antiserum was used at a 1:100 dilution for supershifting of Stat3-FLAG complexes. A 1:100 dilution of Stat3-C
antiserum was used for supershifting of Stat3S complexes.

tensity with or without the addition of wild-type Stat3 or dom-
inant negative Stat3 (Fig. 5B, lane 5 versus lanes 6 to 10). The
same analysis was performed on extracts from cells transfected
with a 10:1 ratio of Stat3 constructs to v-src. No differences in
relative phosphotyrosine levels were observed (data not

constructs would grow. The presence of Stat3 dominant nega-
tive mutants had no effect on cell viability (Table 2).

DISCUSSION

shown). Furthermore, no differences in v-src levels, as deter-
mined by Western blot analysis, were seen (data not shown).

Cell viability is not affected by the addition of Stat3 con-
structs. We have demonstrated that the addition of Stat3 dom-
inant negative protein in conjunction with v-src in NIH 3T3
cells leads to fewer colonies in soft agar. To differentiate be-
tween a decrease in transformation efficiency versus a decrease
in cell viability, we plated an aliquot of transfected cells onto
plates containing selective media. Thus, only cells expressing
both pBabe (puromycin) constructs and RcCMV (neomycin)

The experiments described herein demonstrate that acti-
vated Stat3 has oncogenic potential. Colony growth in soft agar
of v-src-transformed cells is potentiated by Stat3 and inhibited
by dominant negative Stat3. This enhancement of transforma-
tion is accompanied by Stat3 activation (assayed both as DNA
binding and transcriptional activation) either directly or indi-
rectly by v-src. Three different Stat3 dominant negative mu-
tants were utilized, each with a different potential mechanism
of action. Stat3Y cannot be phosphorylated and can presum-
ably compete with wild-type Stat3 for the kinase. Stat3DB can
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FIG. 5. Stat3 and Stat3 dominant negative mutants do not affect v-ras trans-
formation or overall tyrosine phosphorylation by v-src. (A) NIH 3T3 cells (5 X
10° cells in a 35-mm-diameter dish) were transfected (as in the legend to Fig. 2A)
with 500 ng of v-ras (pRSV Ha-ras™"!) (11) in conjunction with 1 pg of
RcCMYV, Stat3, Stat3Y, Stat3DB, or Stat3S. Twenty hours after transfection, the
cells were fed with DMEM plus 10% BCS. Twenty-four hours later, the cells
were trypsinized and plated (5 X 10° cells) into soft agar. Seventeen days later,
colonies were counted. Each bar represents the average of four independent
transfections. (B) NIH 3T3 cells were transfected (as in the legend to Fig. 2A)
with 500 ng of v-src and 1 pg of RcCMV-based Stat3 constructs. Whole-cell
extracts were isolated, and 100 g per lane was analyzed by Western blotting with
an antiserum to phosphotyrosine (PY20).

heterodimerize with wild-type Stat3, leading to a defective
DNA-binding complex (15, 16). Stat3S as a homodimer, and
presumably as a heterodimer, cannot activate transcription
efficiently (34) and when overproduced would greatly reduce
any wild-type Stat3 dimers. This is the first demonstration that

TABLE 2. Viability of transfected NIH 3T3 cells®

10* Cells at:
Plasmid construct 5

Days 7 Days
RcCMV/pBabe 5*1 17x3
Stat3/pBabe 6=*1 19+ 4
Stat3Y/pBabe 7+2 18 £3
Stat3DB/pBabe 7+1 23+5
RcCMV/pBabe/v-src 3x1 18+3
Stat3/v-src 3+1 22 +4
Stat3Y/v-src 4+2 23 +3
Stat3DB/v-src 3+£2 21+3
Stat3S/v-src 4+1 22 +3
Stat3Y/v-src 3+1 23+3

“ Cells were transfected with a 10:1 ratio of Stat3-based constructs to v-src, as
described in the legend to Fig. 3A. Cells (5 X 10°) were plated onto selective
media and counted 5 and 7 days later with a Coulter counter; counts were
confirmed by Trypan blue exclusion and counting with a hemacytometer. Values
are averages of three independent transfections *+ standard deviations.
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phosphorylation of Stat3 on serine 727 is required for biolog-
ical activity. The decrease of v-src transformation by the three
Stat3 dominant negative constructs correlated with inhibition
of endogenous Stat3 DNA binding and transcriptional activa-
tion. These results allow the conclusion that v-src transforma-
tion is at least abetted by, if not dependent upon, Stat3.

The addition of Stat3 or Stat3 dominant negative proteins
did not affect v-ras-mediated transformation, indicating that
the introduced Stat3 molecules do not disrupt normal cellular
functions on their own. Furthermore, no effect on cell viability
was observed when wild-type or dominant negative Stat3 was
cotransfected with v-src. Phosphotyrosine blot analysis of ex-
tracts derived from Stat3 constructs and v-src and cotrans-
fected cells suggests that the presence of the various supple-
mental Stat3 molecules does not markedly alter the tyrosine
kinase activity of v-src.

Among the interesting points these experiments raise is the
possible effect on growth of simultaneous Statl and Stat3 ac-
tivation, which occurs in response to many ligands (10, 26, 37).
Statl, as mentioned in the introduction, is required for the
growth restraint imposed by IFN-a and IFN-y (4, 8, 28). Since,
as we demonstrate here, Stat3 has a growth-promoting capac-
ity, it may be that Statl and Stat3 are often stimulated together
to keep growth at a balanced level. The present findings and
those with IFN activation of Statl establish conditions under
which searches for specific Stat3- or Statl-activated genes that
contribute to growth regulation might be made. Finally, these
findings and similar future experiments will be useful in clinical
oncology because constitutively activated Stat3 has been re-
ported in cells and tissues from a number of human tumors
(14, 17, 25, 32, 36).
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