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Abstract

 

Stimulation of epidermal growth factor receptor (EGFR) by
ligand(s) leads to activation of signaling molecules includ-
ing Stat1 and Stat3, two members of the signal transducers
and activators of transcription (STAT) protein family. Acti-
vation of Stat1 and Stat3 was constitutive in transformed
squamous epithelial cells, which produce elevated levels of
TGF-

 

a

 

, and was enhanced by the addition of exogenous
TGF-

 

a

 

. Targeting of Stat3 using antisense oligonucleotides
directed against the translation initiation site, resulted in
significant growth inhibition. In addition, cells stably trans-
fected with dominant negative mutant Stat3 constructs
failed to proliferate in vitro. In contrast, targeting of Stat1
using either antisense or dominant-negative strategies had
no effect on cell growth. Thus, TGF-

 

a

 

/EGFR–mediated au-
tocrine growth of transformed epithelial cells is dependent
on activation of Stat3 but not Stat1. (

 

J. Clin. Invest.

 

 1998.
102:1385–1392.) Key words: growth factor receptor 
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 signal
transduction 
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Introduction

 

Elevated TGF-

 

a

 

 and epidermal growth factor receptor
(EGFR)

 

1

 

 mRNA and protein expression levels have been de-
tected in transformed squamous epithelium compared with
levels in normal mucosa (1–3). Overexpression of TGF-

 

a

 

 and
EGFR is accompanied by increased EGFR activity, which is
coupled to transformation and proliferation of squamous epi-
thelial cells (4, 5). Studies specifically targeting EGFR kinase
activity have demonstrated inhibition of transformed but not
normal squamous epithelial cell proliferation (6).

The precise mechanisms by which growth factor–induced
cell surface signals are transmitted to the nucleus and ulti-
mately result in cell division are only partially understood. In

response to ligands, including TGF-

 

a

 

, the EGFR dimerizes
and becomes phosphorylated on multiple tyrosine residues.
These phosphotyrosines, in turn, allow the activated receptor
to associate with other signaling proteins. Several EGFR sig-
naling intermediates have been described including ras/MAP
kinase, phosphatidylinositol-3-kinase (PI-3-kinase), and phos-
pholipase C

 

g

 

 (PLC

 

g

 

). However, there is little evidence that
targeting of these downstream intermediates results in inhibi-
tion of proliferation. EGFR has also been demonstrated to ac-
tivate STATs (7–9), proteins that serve the dual function of sig-
nal transducers and activators of transcription (10–11). To
date, seven STATs have been identified: 1–4, 5 a, 5 b, and 6.

Several reports suggest a link between activation of STAT
protein and uncontrolled proliferation. There is enhanced
DNA-binding activity of a Stat3-related protein in cells trans-
formed by the v-Src oncoprotein (12, 13), and Stat1 activation
has been associated with the transformed state induced by
v-Eyk (14). Less direct evidence includes the observations that:

 

a

 

) breast cancer samples have higher levels of STAT-binding
activity compared with benign lesions or normal breast epithe-
lium (15); 

 

b

 

) newly established breast cancer cell lines demon-
strate constitutively active Stat3 homodimers (16); and 

 

c

 

) acti-
vation of Stat3

 

a

 

 may contribute to the failure of some AML
cells to differentiate in response to G-CSF(17). No previous
study has examined the effect of downmodulation of STAT
proteins on transformation or proliferation, or established the
causes of the increased STAT activity detected in human tu-
mors.

 

Methods

 

Cells. 

 

Cell lines derived from patients with squamous cell carcinoma
of the head and neck (SCCHN) were grown in DME (Cellgro, Wash-
ington, DC). With 15% FBS (GIBCO Laboratories, Grand Island,
NY), plus 100 U/ml of penicillin and 100 U/ml of streptomycin
(GIBCO) (18). The majority of SCCHN cell lines are part of a large
collection established in the Department of Otolaryngology at the
University of Pittsburgh (19). SCC 66 was a generous gift from Su-
zanne Gollin (University of Pittsburgh, Pittsburgh, PA). The human
hepatoma cell line, HepG2, was grown as described (20). Normal mu-
cosal epithelial cells were obtained from primary cultures established
using oropharyngeal mucosa harvested from patients undergoing
non-oncologic head and neck procedures as described previously
(21).

 

Reagents.

 

rh-TGF-

 

a

 

 was obtained from Calbiochem/Oncogene
Science (Cambridge, MA). Complementary duplex oligonucleotides
were synthesized based on the published sequences of STAT DNA-
binding elements with the addition of GATC at the 5

 

9

 

 termini to al-
low radiolabeling as described previously (22). The EGFR-specific
tyrosine kinase inhibitor, PD153035, was kindly provided by David
Fry (23). The TGF-

 

a

 

–neutralizing antibody was obtained from Onco-
gene Science (Cambridge, MA; Ab#3).

 

Antisense oligodeoxynucleotide studies.

 

Phosphorothioated 21-mer
oligodeoxynucleotides were synthesized on an Applied Biosystem
394 synthesizer by means of 

 

b

 

-cyanothylphysphoramidite chemistry

 

This study was first reported as an abstract. 
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to minimize degradation of the oligonucleotides by endogenous nu-
cleases. We have previously determined the optimum conditions for
oligonucleotide uptake by SCCHN cells via end labeling followed by
measuring counts in nuclear and cytoplasmic fractions of cell lysates
(

 

z 

 

40% uptake in nucleus by 24 h) (24). The antisense oligonucle-
otides were directed against the translation start site (AUG codon)
and surrounding nucleotides of the human Stat3 gene (25) and Stat1
gene (26). Stat 3 antisense oligonucleotide sequence was 5

 

9

 

 CCAT-
TGGGCCATCCTGTTTCT 3

 

9

 

 and the corresponding sense oligonu-
cleotide sequence was 5

 

9

 

 AGAAACAGGATGGCCCAATGG 3

 

9

 

.
The Stat 1 antisense oligonucleotide sequence was 5

 

9

 

 CCACT-
GAGACATCCTGCCACC 3

 

9

 

 and the corresponding sense oligonu-
cleotide sequence was 5

 

9

 

 GGTGGCAGGATGTCTCAGTGG 3

 

9

 

.
To examine the effect of antisense oligonucleotide treatment on

SCCHN cell growth, cells were plated at a density of 10

 

4

 

 cells/microti-
ter well in 24-well polystyrene plates (Falcon Plastics, Cockeysville,
MD). After 24 h, at which point the cells had reached 30–40% conflu-
ency, 250 

 

m

 

l of fresh culture medium containing 12.5 

 

m

 

M antisense
oligonucleotide targeted against the translation start site of human
Stat3

 

a

 

/

 

b

 

 was added. As control, cells received an equal concentration
of corresponding sense oligonucleotides or the same medium without
oligonucleotides. Cell counts were performed over a period of 6 d,
with two replicate samples for each time point.

 

Electrophoretic mobility shift assay (EMSA).

 

Adherent cells (

 

$ 

 

10

 

6

 

)
were grown in 10-cm plastic tissue culture dishes, rested for 6 h in
SFM, and then incubated for 30 min in SFM with or without cytokine,
washed, and harvested by scraping with a rubber policeman. Whole
cell, cytoplasmic, and nuclear extracts were prepared and EMSAs
were performed on 4% native polyacrylamide gels as described (27,
28). For supershift experiments, extracts were preincubated with
Stat1

 

a

 

 polyclonal antibody (C-24; Santa Cruz Biotechnology, Santa
Cruz, CA) or Stat3

 

a

 

 polyclonal antibody (C-20, Santa Cruz Biotech-
nology).

 

Immunoblotting.

 

Whole cell extracts were mixed with 2

 

3

 

 sodium
dodecyl sulfate (SDS) sample buffer (125 mmol/L Tris-HCL, pH 6.8;
4% SDS; 20% glycerol; 10% 2-mercaptoethanol) at 1:1 ratio and
were heated for 5 min at 100

 

8

 

C. Proteins (50 

 

m

 

g/lane) were separated
by 12.5% SDS-PAGE and transferred onto a nitrocellulose mem-
brane (MSI; Westboro, MA). Prestained molecular weight markers
(GIBCO BRL; Gaithersburg, MD) were included in each gel. Mem-
branes were blocked for 30 min in Tris-buffered saline (TBS: 10
mmol/L Tris-HCL, pH 7.5 and 150 mmol/L NaCl) with 0.5% Tween-
20 (TBST) and 5% BSA. After blocking, membranes were incubated
with a primary antibody; mouse anti–human Stat1 or Stat3 mono-
clonals (Transduction Labs, Lexington, KY), a rabbit polyclonal anti–
HA-probe (Y-11) (Santa Cruz Biotechnology) or a phosphospecific

Figure 1. Constitutive and TGF-a–stimulated 
hSIE-binding activation. (A) Whole cell extracts 
(20 mg) were prepared from head and neck cancer 
cell lines (clone name indicated by number; SCC 
66 kindly provided by Suzanne Gollin) and nor-
mal mucosal epithelial cells that were untreated or 
treated with TGF-a (30 ng/ml) for 30 min. EMSA 
was performed (26, 27) with radiolabeled hSIE 
duplex oligonucleotide (21). The position of the 
SIF-A complex (Stat3 homodimer), SIF-B com-
plex (Stat1/Stat3 heterodimer), and SIF-C com-
plex (Stat1 homodimer) are indicated on the right. 
(B) EMSA was performed using whole cell ex-
tracts of a representative SCCHN cell line (PCI 
15b) before and after stimulation with TGF-a (30 
ng/ml for 30 min). Extracts were preincubated 
with rabbit antibody to Stat1a (C-24) or Stat3a 
(C-20) or no antibody as indicated. The position 
of the SIF-A, -B, and -C complexes and the super-
shifted complexes are indicated on the right. (C) 
Whole cell extracts prepared from untreated or 
TGF-a–treated (30 ng/ml) cells (PCI-15b) (27, 28) 
were mixed with salmon sperm DNA (500 mg/ml) 
followed by incubation for 40 min with streptavi-
din-conjugated paramagnetic beads (Dynabead 
M280 streptavidin, Dynal) to which biotinylated 
tandem hSIE duplex oligonucleotides had previ-
ously been bound. Proteins were eluted with high 
salt buffer (17). After separation by SDS-PAGE, 
proteins were blotted onto PVDF membrane, and 
probed with Stat3 antibody (top) or Stat1 anti-
body (bottom). The position of the Stat3a and b 
bands and Stat1a and b bands are indicated on the 
right.
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anti-Stat3 pTYR

 

705

 

 rabbit polyclonal (Quality Controlled Biochemi-
cals; Hopkington, MA) in TBST and 1% BSA. After washing the
membranes three times with TBST (5 min each), they were incubated
with horseradish peroxidase–conjugated secondary antibody in TBST
and 1% BSA for 30 min. Subsequently, membranes were washed
three times with TBST and developed using the enhanced chemilumi-
nescence (ECL) detection system (Amersham Life Sciences Inc.; Ar-
lington Heights, IL).

 

DNA-binding affinity purification.

 

Whole cell extracts were pre-
pared from TGF-

 

a

 

–stimulated and –unstimulated cells using a high
salt buffer as described (28, 29). The whole cell extracts were mixed
with salmon sperm DNA (500 

 

m

 

g/mL) and incubated at 4

 

8

 

C for 10
min. This mixture was incubated at 4

 

8

 

C for 40 min more with strepta-
vidin-conjugated paramagnetic beads (Dynabead M280 streptavidin;
Dynal Inc., Lake Success, NY), to which biotinylated tandem hSIE
duplex oligonucleotides had previously been bound. After this incu-
bation, the beads were washed five times with high salt buffer con-
taining 0.05% NP-40 and 200 

 

m

 

g/mL salmon sperm DNA. Proteins
were eluted with high salt buffer containing 1.2 mol/L NaCl as de-
scribed (17). The Stat3 antibody used was directed against the amino-
terminal portion of the protein (amino acids 1–175; Transduction
Labs).

 

Transfection of SCCHN cells with dominant negative Stat3 and
Stat1 constructs. 

 

Plasmids expressing hemagglutinin peptide (HA)–
tagged mutant Stat3 (phenylalanine substitution at Tyr705) (Stat3F)
or mutations at the positions important for DNA binding (Stat3D), or
Stat1 (Phe substitution for Tyr701) (Stat1F) containing an internal
neomycin resistance marker were kindly provided by Dr. T. Hirano
(Osaka University Medical School, Suita, Japan) (30) and stably
transfected into several SCCHN cell lines using G418 selection media
(400 

 

m

 

g/ml). Several (3–5) clones from each construct were isolated
from each cell line using a cloning ring, were expanded, and EMSA
was performed to determine that the incorporated mutant Stat pro-
tein functioned in a dominant negative fashion as previously de-
scribed (30). Growth rates of individual clones were determined by
erythrosin B dye exclusion at four time points.

 

Results

 

STAT activation/expression in SCCHN cells.

 

To determine
whether STAT proteins may be intracellular candidates link-
ing upregulation of TGF-

 

a

 

 and EGFR to increased prolifera-
tion of transformed squamous epithelial cells, we examined
constitutive and TGF-

 

a

 

–stimulated activation of STATs 1 and
3 in a series of SCCHN cell lines. EMSAs of whole cell and nu-
clear extracts from head and neck cancer cells using the high
affinity serum-inducible element (hSIE) revealed varying de-
grees of constitutive activation of an hSIE-binding activity in
all seven SCCHN cell lines examined compared with normal
mucosal epithelial cells. The predominant complexes formed
were SIF-A (Stat3 homodimer) and SIF-B (Stat3 and Stat1
heterodimer). Further activation of SIF-A and SIF-B com-
plexes were observed after stimulation with TGF-

 

a

 

 where
dose-response studies suggested that maximum activation was
achieved with 30 ng/ml of exogenous TGF-

 

a

 

 for 30 min. (Fig. 1

 

A

 

 and data not shown). To verify that the constitutive and acti-
vatable SIF-A and SIF-B complexes contained Stat3 and Stat1,
we performed supershift analysis (Fig. 1 

 

B

 

) and DNA-affinity
purification studies (Fig. 1 

 

C

 

), which revealed constitutive and
TGF-

 

a

 

–stimulated activation of Stat1 and Stat3 in SCCHN
cell lines.

To determine whether the increase in constitutive STAT
activation was associated with increased protein expression,
we performed immunoblotting studies using antisera to Stat1
or Stat3. These experiments demonstrated an increase in Stat3

protein expression levels in head and neck cancer cell lines
compared with normal mucosal epithelial cells. In contrast,
Stat1 protein levels in head and neck squamous cell carcinoma
cell lines were comparable to those detected in corresponding
normal cells (Fig. 2). Phosphotyrosine immunoblotting was
performed to determine whether the increased Stat3 expres-
sion/activation detected was associated with elevated tyrosine
phosphorylation. These results demonstrated that Stat3 ty-
rosine phosphorylation in head and neck cancer cells is ele-
vated compared to levels detected in normal mucosal epithe-
lial cells (Fig. 3).

 

Stat3 activation is linked to TGF-

 

a

 

/EGFR signaling.

 

To ver-
ify that the constitutive Stat3 activation detected was a result
of EGFR signaling, we biochemically targeted the EGFR us-
ing a specific tyrosine kinase receptor (PD153035), which
we’ve previously demonstrated to inhibit EGFR kinase activ-
ity and cell growth in head and neck cancer cells (6). After ex-
posure to PD153035 (20 nM), EMSAs of whole cell extracts
revealed decreased constitutive Stat3 activation (Fig. 4 

 

A

 

).
This diminution of Stat3 activation by the EGFR-specific ty-
rosine kinase inhibitor was accompanied by decreased recep-
tor phosphorylation as determined by immunoprecipitation
followed by immunoblotting with antiphosphotyrosine anti-
body (data not shown). To determine whether TGF-

 

a

 

 was the
ligand in this tumor system linking EGFR to Stat3, we incu-
bated head and neck cancer cells with a TGF-

 

a

 

–neutralizing

Figure 2. Stat1 and Stat3 protein expression levels. (A) Stat1 immu-
noblotting of protein extracts (50 mg) from normal mucosal epithelial 
cells and representative head and neck cancer cell lines. (B) Stat3 im-
munoblotting of same cell extracts.

Figure 3. Stat3 tyrosine phosphorylation. Immunoblotting of protein 
extracts (50 mg) from unstimulated normal mucosal epithelial cells 
and representative head and neck cancer cell lines using a phospho-
specific anti-Stat3 p-TYR705 antibody. The position of the phosphory-
lated Stat3a protein is indicated on the right.
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antibody (7.5 mg/ml) and demonstrated decreased Stat3 acti-
vation, which was rapidly detected and persisted for 24 h (Fig.
4 

 

B

 

).

 

Requirement of Stat3, but not Stat1 for SCCHN prolifera-
tion. 

 

To determine whether the constitutive activation of
Stat3 was important for the growth of SCCHN cells, several
SCCHN cell lines were stably transfected with dominant nega-

tive Stat3 mutant constructs (3F, where tyrosine 705 in Stat3 is
replaced by phenylalanine; 3D, where mutations were inserted
at positions important for DNA binding [glutamic acid 434 and
glutamic acid 435 were replaced with alanines]). In addition,
the same cell lines were transduced with a dominant negative
Stat1 mutant construct (1F, where tyrosine 701 in Stat1 is re-
placed by phenylalanine) to determine the importance of Stat1
for cell growth (30). Isolated clones were analyzed by EMSA
to demonstrate that the transfected mutant protein functioned
to decrease Stat1 or Stat3 activity (Fig. 5). Growth rates were
determined of several individual clones from three representa-
tive SCCHN cell lines transfected with either of the two mutant
Stat3 constructs, or the mutant Stat1 construct, or the neomy-
cin-containing control vector (Fig. 5). Immunoblotting using a
Stat3 phosphotyrosine antibody demonstrated reduced pro-
tein expression in cells stably transfected with the mutant Stat3
constructs (Fig. 6 and data not shown). In all cases, clones ex-
pressing either mutant form of Stat3 (3F or 3D) failed to pro-
liferate, compared with neomycin control–transfected cells. By
contrast, the same cells stably transfected with the mutant Stat1
construct demonstrated no reduction in proliferation (Fig. 7).
In one cell line (SCC 66), despite repeated transfections, we
were able to isolate only a single clone transduced with one of
the Stat3 mutant constructs (3F). All other clones, which were
initially isolated, failed to proliferate beyond a few cells (data
not shown). However, if Stat3 activation is critical for prolifer-
ation, in some instances cells stably transfected with the domi-
nant negative mutant Stat3 will then fail to grow in vitro. To
overcome this potential obstacle and confirm the results using
dominant-negative constructs, we designed phosphorothioated
antisense oligonucleotides targeting the translation start sites
of Stat1 or Stat3 messenger RNA. Dose-response experiments
revealed that 12.5 

 

m

 

M of antisense oligonucleotide resulted in

Figure 5. Inhibition of Stat1 and Stat3 activation by dominant-nega-
tive mutants in a representative head and neck cancer cell line (PCI 
15b). (A) Whole cell extracts of unstimulated representative domi-
nant negative Stat1 clones and a neomycin control–transfected clone 
were analyzed by EMSA using the Stat1 GAS duplex oligonucleotide 
(21). (B) Whole cell extracts of unstimulated representative domi-
nant negative Stat3 clones and a neomycin control–transfected clone 
were analyzed by EMSA using hSIE duplex oligonucleotide. The po-
sition of the SIF-A, -B, and -C complexes are indicated on the right.

Figure 4. Stat3 activation associated with TGF-a/EGFR signaling. (A) Inhibition of Stat3 activation by an EGFR-specific tyrosine kinase inhib-
itor. EMSA analysis of unstimulated whole cell extracts of a representative SCCHN cell line (PCI 37a) before, and at several time points (hours) 
after treatment with an EGFR-specific tyrosine kinase inhibitor (PD153035; 20 nM) (22). The position of the SIF-A complex is indicated on the 
right. (B) Inhibition of Stat3 activation by a TGF-a–neutralizing antibody. EMSA analysis of unstimulated whole cell extracts of a representa-
tive SCCHN cell line (PCI 37a) before, and at several time points (hours) after treatment with a TGF-a–neutralizing antibody (7.5 mg/ml). The 
position of the SIF-A complex is indicated on the right.

Figure 6. Stat3 tyrosine phosporylation in dominant negative clones. 
Immunoblotting of protein extracts (50 mg) from a representative un-
stimulated neo-transfected control clone and Stat3 dominant nega-
tive clones (3F construct; PCI 15b cell line).
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maximum growth inhibition with minimal added antiprolifera-
tive effect using higher doses (data not shown). Incubation of
three representative cell lines with Stat3 antisense oligonucle-
otides consistently resulted in significant growth inhibition
(Table I). In contrast, treatment of the same cell lines with
Stat1 antisense oligonucleotides failed to result in reduced pro-
liferation (Fig. 8 and data not shown). After treatment with the
antisense oligonucleotides, EMSA analysis was performed
which demonstrated decreased activation of the targeted
STAT protein (Fig. 9 and data not shown).

 

Discussion

 

EGFR (HER1) is a member of the Type 1 tyrosine kinase
family of cell surface receptors (7). Putative ligands for EGFR

include EGF, TGF-

 

a

 

, amphiregulin, heparin-binding EGF,
and CRIPTO. Head and neck cancer cells do not express EGF
and amphiregulin or CRIPTO are expressed at levels similar
to those detected in normal mucosal epithelial cells (J. Rubin

Figure 7. Inhibition of proliferation of Stat3-dominant negative but 
not Stat1-dominant negative clones. (A) Clones derived from PCI 
15b cell line, (B) from PCI 37a cell line, or (C) from SCC 66 cell line. 
Cell counts of clones from representative SCCHN cell lines stably 
transfected with Stat3F-DN (x, __, 1), Stat3D-DN (*, _, _), Stat1-DN 
(e, s, n), or neomycin-resistance marker alone (u) were performed 
at serial time points by vital dye exclusion.

 

Table I. Mean Percent Inhibition with Antisense (versus Sense) 
Oligonucleotides Targeting STATs 1 and 3

SCCHN
Cell line

Stat 1 Stat 3

P 
ValueSense Antisense Sense Antisense

15b 12.3 12.9 — 31.2 0.02
37a 16.4 1.6 7.5 59.2 0.003
66 15.3 10.6 11.1 78.9 0.002
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Grandis, unpublished observations). Overexpression of TGF-a
and EGFR (mRNA and protein) has been detected in tumors
and cell lines established from patients with head and neck
cancer (31, 32), and elevated levels of TGF-a and/or EGFR
have been associated with adverse clinical outcome (33–35).
We recently reported that TGF-a or EGFR protein levels in
the primary head and neck squamous cell carcinoma were
significant predictors of decreased survival, independent of re-

gional lymph node staging (36). In vitro studies targeting
either ligand or receptor resulted in the inhibition of trans-
formed but not normal mucosal epithelial cell proliferation (6,
24), indicating that TGF-a and EGFR are participating in an
autocrine growth pathway in transformed squamous epithelial
cells.

Activation of EGFR by ligands (including TGF-a) leads to
activation of a variety of signaling molecules. To date, target-
ing of these downstream intermediates (e.g., ras, MAP kinase,
PI-3-kinase, PLCg) has not been reported to inhibit the prolif-
eration of cells that overexpress EGFR. STAT proteins have
been demonstrated to serve as critical intracellular mediators
after ligand activation in a wide range of peptide ligand–recep-
tor systems (37, 38). Antisense oligonucleotides directed
against Stat1 have been reported to abrogate growth factor–
induced mitogenesis in non-transformed liver epithelial cells
(39). However, only a few reports demonstrate an association
between STATs and cancer. Whereas EGF has been shown to
be capable of activating STATs 1 and 3 in EGFR-overexpress-
ing cells (25, 38, 40–44), STAT activation in these cells has not
been linked to proliferation or transformation. Recent studies
demonstrate that Src-induced transformation of fibroblasts re-
sults in Stat3-mediated gene expression (45) and that Stat3 is
constitutively activated in breast carcinoma cell lines but not in
normal breast epithelial cells (46). The results presented here
are the first demonstration of growth inhibition after selective
downmodulation of a STAT protein in EGFR-overexpressing
cells. Cells stably transfected with either of two mutant forms
of Stat3 demonstrated decreased constitutive Stat3 activation,
reduced expression of phosphorylated Stat3 protein, and failed

Figure 8. Phosphorothioated antisense oligonucleotide treatment of 
SCCHN cells targeting Stat1 and Stat3. (A) Cells (PCI 15b) treated 
with 12.5 mM Stat3 antisense oligonucleotides (s) demonstrated sig-
nificant growth inhibition compared with cells treated with the corre-
sponding sense oligonucleotide (e) (P 5 0.02) or no oligonucleotide 
(u). (B) The same cell line treated with Stat1 antisense oligonucle-
otides (s), sense oligonucleotides (e), or no oligonucleotide (u).

Figure 9. EMSA of whole cell extracts from representative head and 
neck cancer cells (PCI 15b) after 3 d of treatment with Stat3 antisense 
oligonucleotides (12.5 mM), or corresponding sense oligonucleotides 
(12.5 mM), or no oligobucleotides (Control) performed with radiola-
beled duplex hSIE oligonucleotide.
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to proliferate, suggesting that Stat3 is critical for the growth of
head and neck cancer cells. Targeting constitutively activated
Stat1 and Stat3 with dominant-negative mutant constructs or
antisense oligonucleotides in head and neck cancer cells re-
sulted in differential effects on proliferation. Abrogation of
constitutive Stat3 activation was associated with reduced pro-
liferation, whereas downmodulation of Stat1 had no effect on
the growth rate of carcinoma cells. These results suggest that
endogenously produced TGF-a activates Stat3 via EGFR sig-
naling, which, in turn, stimulates the transcription of genes re-
sulting in aberrant squamous epithelial cell proliferation char-
acteristic of the transformed phenotype.

The level of constitutive and TGF-a–inducible STAT acti-
vation varied somewhat among the head and neck cancer cell
lines examined. We have previously determined that although
head and neck squamous cell carcinoma cell lines all overex-
press TGF-a and EGFR when compared with normal mucosal
epithelial cells, there is a range of mRNA and protein levels
detected (6, 24). Because Stat3 is activated in response to
TGF-a/EGFR interaction, the relative amounts of TGF-a pro-
duced by the tumor cell and the number of EGF receptors on
the cell surface may contribute to the level of constitutive
STAT activation detected. Our results demonstrate that in
comparison with normal mucosal epithelial cells, Stat3 protein
is overexpressed in head and neck cancer cells. In addition,
these transformed squamous epithelial cells demonstrate ele-
vated Stat3 tyrosine phosphorylation levels compared to those
detected in normal mucosal epithelial cells. These results sug-
gest that increased protein expression and tyrosine phosphory-
lation are associated with increased constitutive activation of
Stat3. Although not specifically examined, the possibility of a
mutation in Stat3 in head and neck cancer cells cannot be ex-
cluded.
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