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Abstract

AIM: To investigate the correlation between gastric
cancer growth and signal transducer and activator of
transcription-3 (STAT3) expression.

METHODS: We assessed the expressions of STAT3,
phosphor-STAT3 (pSTAT3), suppressor of cytokine sig-
naling-1 (SOCS-1), survivin and Bcl-2 in gastric cancer
patients after gastrectomy by immunohistochemical
method. In addition, /n sitv hybridization was used to
further demonstrate the mRNA expression of STAT3 in
gastric cancer.

RESULTS: With the univariate analysis, expressions of
STAT3, pSTAT3, SOCS-1, survivin and Bcl-2, the size
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of primary tumor and the lymph node metastasis were
found to be associated with the overall survival (OS) of
gastric cancer patients. However, only pSTAT3 expres-
sion and the lymph node metastasis were identified as
the independent factors of OS of gastric cancer with
multivariate analysis. STAT3 expression was correlated
with the lymph node metastasis. There were positive
correlations between expressions of STAT3, survivin,
Bcl-2 and pSTAT3 in gastric cancer, whereas there was
negative correlation between STAT3 expression and
SOCS-1 expression in gastric cancer.

CONCLUSION: STAT3 can transform into pSTAT3 to
promote the survival and inhibit the apoptosis of gastric
cancer cells. SOCS-1 might be the valid molecular antag-
onist to inhibit the STAT3 expression in gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the fourth most common cancer wotld-
wide with approximately 930000 newly diagnosed cases
annually, resulting in about 700000 deaths per year . Al
though the surgical skills and adjuvant chemotherapy have
been improved, the survival rate of gastric cancer patients

November 14, 2010 | Volume 16 | Issue 42 |



remains unsatisfactory. Most gastric cancer patients were
identified at the advanced stage when they were initially
diagnosed, which is deemed as the important factor for
the increased recurrence rate and decreased overall sur-
vival (OS) after potentially curative resection”. Therefore,
it is imperative to investigate the molecular mechanism so
as to enhance the curative effects for gastric cancer.

Many researchers have demonstrated that the aggres-
sive nature of gastric cancer is related to mutations of
various oncogenes and tumor suppressor genes and ab-
normalities in some growth factors and their receptors'* .
Recently, the activation of signal transducers and activa-
tors of transcription (STAT) proteins has been shown
to have a strong bearing on gastric cancer progression
although the detailed mechanism for this relationship has
not been available”. The STAT proteins, including seven
members, are a family of transcription factors which
regulate expression of genes involved in both normal and
pathological cellular processes. The strong association was
demonstrated between STAT proteins and progression of
vatious epithelial cancers™ ",

Of the STAT family members, STAT3 is the most
commonly activated in human cancers''”. STAT3 is being
increasingly recognized as a molecular hub for diverse sig-
naling pathways such as cell cycle progression, apoptosis,
angiogenesis and immune evasion, thus being considered
as a novel molecular marker for cancer treatment™'". Al-
though STAT3 is constitutively activated and contributes
to oncogenesis through preventing apoptosis and enhanc-
ing cell proliferation in many kinds of human tumors, the
duration of STAT3 activation is temporary under physi-
ologic conditions!"”. Over-expression of the activated
STAT?3 has been found in various types of malignant tu-
mors, including leukemia, breast cancer. pancreatic cancet,
prostatic cancer and melanoma, and STAT3 has played a
key role in carcinogenesis"”. However, the role of STAT3
signaling in gastric cancer is still unclear. Many studies
suggested that the phospho-STAT3 (pSTAT3) should be
taken as an active form of STAT3 and an independent
prognostic factor for disease free survival and poor sut-
vival after curative resection .

Theoretically, STAT3 has to be activated by phos-
phorylated tyrosine induced by Janus Kinase (JAK) before
STAT?3 binds to receptor successfully. Subsequently, self-
phosphorylated STAT3 protein is released from pSTAT3,
assumes the shape of “dimmers” and migrates into the
nucleus to activate the transcription of target genes. Jack-
son ¢t al'” found that pSTAT3 was localized mainly in
epithelial cells in both normal stomach and gastric cancer,
but there was at least ten-fold more STAT3 activation in
the latter, with substantial nuclear staining, Therefore, a
higher level of pSTAT3 positive expression represents
more nuclear translocations of STAT?3, which can stimu-
late the target gene transcription upon tissue transforma-
tion in gastric cancer. Suppressor of cytokine signaling-1
(SOCS-1) seems to be one of the STATs activated genes,
which contain the SH2 domains that interact with JAK
and prevent activation of STATs"*". Recent findings sug-
gest that SOCS-1 can be significantly up-regulated by in-
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terleukin (IL)-6 and is involved in the down-regulation of
the IL-6-induced activation of STAT3”". Bcl-2 and sut-
vivin are the potential downstream molecules to STAT3.
These molecules regulate both cell cycle and apoptosis and
are the known targets of the STAT?3 signaling pathway[zﬂ.
In the present study, we evaluated the expressions of
STAT3, pSTAT3, SOCS-1, survivin, and Bcl-2 in both
gastric cancer and normal gastric tissues after gastrecto-
my. We correlated these molecular variables, clinicopath-
ologic features and prognoses of gastric cancer patients
to study the potential mechanism of STAT3 signaling in
carcinogenesis and progression of gastric cancer.

MATERIALS AND METHODS

Tissue specimens and patients

We used the human gastric cancer tissue and normal
gastric tissue specimens preserved in the department of
pathology and obtained patients’ data from Tianjin Medi-
cal University Cancer Hospital. Fifty-three gastric cancer
specimens from the 53 patients with gastric cancer and
53 normal gastric tissue specimens from 53 patients with-
out gastric cancer were included in this study. Primary
gastric cancer in these patients was diagnosed and treated
at Tianjin Medical University Cancer Hospital between
January 2002 and December 2002. The gastric cancer pa-
tients had well-documented clinical histories and follow-
up information. None of them underwent preoperative
chemotherapy and/or radiation therapy. All of gastric
cancer patients had undergone potentially radical gastrec-
tomy with lymphadenectomy. Of them, 37 (69.8%) were
male and 16 (30.2%) were female. Ages ranged from 31 to
78 years, with a median age of 55.0 years. The tumor loca-
tion was as follows: lower third in 28 (52.8%) cases, mid-
dle third in 18 (34.0%) cases, and upper third in 7 (13.2%)
cases. Thirty-seven (69.8%) patients had lymph node me-
tastasis identified by pathologic examination after surgery,
and 16 (30.2%) patients had no lymph node metastasis
after surgery. At the end of June 2009, 24 (45.3%) gastric
cancer patients were still alive, whereas 29 (54.7%) had
died. No gastric cancer patient died during the initial hos-
pital stay or one month after surgery. Follow-up ranged
from 4 to 85 mo, and the median was 35 mo. Results of
B ultrasonography, CT scans, chest X-ray and endoscopy
were obtained.

Methods

For in sitn hybridization, the biotinylated oligonucleotide
probe complementary to STAT3 (CCTTGGATTGAGA-
GTCAAGATTGGGCATAT) mRNA was synthesized.
All in sitn hybridization was carried out using manual
capillary action technology. Briefly, the slides were rapidly
deparaffinized, cleared, and rehydrated. The tissues were
then digested with pepsin (Boshide, China) at 2 mg/mL
for 30 min at 37°C. The probe was applied to the slides,
and the tissues were heated at 42°C for 2 h for denature
and secondary mRNA structure. The hybridization of
the probe and mRNA target was performed by exposing
the slides in a calorstat at 42°C for 12 h. The biotinylated
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hybrids were detected with streptavidin-horseradish per-
oxidase (Jingmei, China) for 30 min at 37°C. After prein-
cubation with 3,3’-diaminobenzidine solution for 3-5 min
at 37°C, the tissues were washed with distilled water. Fol-
lowing the chromogen reaction, the tissues were counter-
stained with hematoxylin solution, washed with distilled
water, air-dried, and cover-slipped with universal mount
(Invitrogen US). Ir situ hybridization for negative control
was performed with probe diluent.

Paraffin sections (4 um thick) were deparaffinized
and rehydrated. Antigen retrieval treatment was done at
95°C for 40 min in 0.01 mol/L sodium citrate buffer (pH
6.0), and endogenous peroxidases were blocked using 3%
hydrogen peroxide for 30 min. The primary antibodies
at 1:100 dilution were purchased from Santa Cruz Bio-
technology, Inc. (Santa Cruz, CA); STAT3 (SC-483, rab-
bit polyclonal IgG), SOCS-1 at 1:100 dilution (SC-9021,
rabbit polyclonal IgG) from NeoMarkers Biotechnology,
Inc. (Fremont, CA); survivin (RB-9245-P0, rabbit poly-
clonal IgG) at 1:50 dilution, and Bel-2 (Ms-123-PABX,
mouse monoclonal IgG) at 1:100 dilution from Jingmei
Biotechnology (Zhongshan, China). All sections were in-
cubated overnight with the primary antibody at 4°C. The
sections were then treated with peroxidase by the labeled
polymer method with Zhongshan peroxidase for 30 min.
Antibody binding was visualized using the Avidin Biotin
Complex Elite Kit and 3,3-diaminobenzine according
to the manufacturer’s instructions (City Key Laboratory
of Tianjin Cancer Center, China). Sections were then
counterstained in hematoxylin. Breast cancer and colon
cancer specimens confirmed to be immunoreactive for
the relevant antigens in preliminary studies were used as
positive controls for STAT3, pSTAT3, SOCS-1, survivin
and Bcl-2. For general negative controls, the primary an-
tibody was replaced with phosphate buffered saline.

All sections were scored blindly by two independent
observers, and in cases of scoring disagreement, a third
independent assessment was performed. Staining of
STAT3, SOCS-1, survivin, and Bcl-2 was graded accord-
ing to the intensity and extent of staining of the epithe-
lium. The staining intensity was scored into 4 grades: 0,
complete absence of the staining; 1, weak staining; 2,
moderate; and 3, strong staining, The extent of the posi-
tively stained cells was also scored into 5 grades: 0, a com-
plete negative staining; 1, < 5%; 2, 5%-25%; 3, 25%-75%;
and 4, = 75%. The final scores were derived from mul-
tiplication of the extent by the intensity. For statistical
analysis, scores wete further grouped into two categories:
negative (final scores, < 3) and positive (final score, = 3).

The staining of pSTAT3 was grouped as positive and
negative. The positive staining of pSTAT3 was defined as
= 10% of the cells with the nucleus stained dark brown
and the negative staining was defined as < 10% of the
cells stained.

Statistical analysis

All statistical calculations were performed using SPSS ver-
sion 13.0 (SPSS Inc., Chicago, IL). Differences in STAT3
expression, pSTAT3 expression, SOCS-1 expression, sur-
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viving expression, Bcl-2 expression and clinicopathologic
variables of patients were estimated using the XZ test for
categorical data and independent-paired Student’s # test
for continuous variables. Overall survival of gastric cancer
patients was measured from date of surgery to the date
of death by the Kaplan-Meier method. The log-rank test
(x” comparison) was used to compare the overall sur-
vival based on expressions of STAT3, pSTAT3, SOCS-1,
survivin and Bcl-2. Cox regression analysis was used to
estimate the independent risk factors of overall survival
of gastric cancer patients after radical surgery. In addition,
linear regression was used to estimate the correlations
among the variables which were significantly associated
with the STAT3 immunohistochemical expression.

RESULTS
Expression of STAT3 mRNA by in situ hybridization

Almost all gastric cancer tissue specimens were positive
for STAT3 mRNA expression, whereas only 8 of 53
normal gastric tissue specimens were positive for STAT3.
STAT3 mRNA expression was strong in the cytoplasm of
gastric cancer epithelium, while the epithelium of normal
gastric tissues was weak or negative (Figure 1A).

Immunohistochemical differences of STAT3, pSTATS3,
SOCS-1, survivin, and Bcl-2 between gastric cancer
tissue and normal gastric tissue specimens
STAT3 was detected mainly in the epithelium of gastric
cancer tissues and less frequently in the normal gastric
tissues. The strong granular patterns of STAT3 staining
were observed mainly within the cytoplasm and partially
within the nuclear of the epithelium of gastric cancer.
Conversely, only weak granular patterns of STAT3 stain-
ing were observed within the cytoplasm of a few normal
gastric tissue specimens (Figure 1B). STAT3 staining was
quantitatively assessed and grouped into positive expres-
sion and negative expression. Positive STAT3 expression
was detected in 31 of 53 gastric cancer tissue specimens
and 6 of 53 normal gastric tissue specimens. The ratio of
positive STAT3 expression in gastric cancer tissue speci-
mens was significantly higher than that in normal gastric
tissue specimens (58.5% »s 11.3%, Xz = 25.950, P < 0.001).
PSTAT3 was detected mainly in the epithelium of gas-
tric cancer tissues and less frequently in the normal gastric
tissues. The strong granular patterns of pSTAT3 stain-
ing were observed mainly within the nuclear and partially
within the cytoplasm of the epithelium of gastric cancer.
Conversely, only weak granular patterns of pSTAT3 stain-
ing were observed within the nuclear of a few normal
gastric tissue specimens (Figure 1C). pSTAT3 staining was
quantitatively assessed and grouped into positive expres-
sion and negative expression. Positive pSTAT3 expression
was detected in 26 of 53 gastric cancer tissue specimens
and 2 of 53 normal gastric tissue specimens. The ratio of
positive pSTAT3 expression in gastric cancer tissue speci-
mens was significantly higher than that in normal gastric
tissue specimens (49.1% vs 3.8%, Xz = 27.956, P < 0.001).
SOCS-1 was detected mainly in the normal gastric
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Figure 1 Expression in the cytoplasm of gastric cancer tissues (x 400). A: Detection of signal transducer and activator of transcription-3 (STAT3) mRNA (in situ
hybridization); B: STAT3 (IH); C: Phosphor-STAT3 (IH); D: Suppressor of cytokine signaling-1 (IH); E: Survivin (IH); F: Bcl-2 (IH).

tissues and less frequently in the epithelium of gastric
cancer. The strong granular patterns of SOCS-1 staining
were observed within the cytoplasm of the normal gastric
tissue specimens. Conversely, only weak granular patterns
of SOCS-1 staining were observed within the cytoplasm
of a few gastric cancer tissue specimens (Figure 1D).
SOCS-1 staining was quantitatively assessed and grouped
into positive expression and negative expression. Positive
SOCS-1 expression was detected in 6 of 53 gastric cancer
tissue specimens and 23 of 53 normal gastric tissue speci-
mens. The ratio of positive STAT3 expression in gastric
cancer tissue specimens was significantly lower than that
in normal gastric tissue specimens (11.3% o5 43.4%, X2 =
13.719, P < 0.001).

Survivin was detected mainly in the epithelium of gas-
tric cancer tissues and less frequently in the normal gastric
tissues. The strong granular patterns of survivin staining
were observed within the cytoplasm of the epithelium
of gastric cancer tissue specimens. Conversely, only weak
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granular patterns of survivin staining were observed with-
in the cytoplasm of a few normal gastric tissue specimens
(Figure 1E). Survivin staining was quantitatively assessed
and grouped into positive expression grade and negative
expression. Positive survivin expression was detected in
39 of 53 gastric cancer tissue specimens and 4 of 53 nor-
mal gastric tissue specimens. The ratio of positive survivin
expression in gastric cancer tissue specimens was signifi-
cantly higher than that in normal gastric tissue specimens
(73.6% 25 7.5%, x* = 47.933, P < 0.001).

Bcl-2 was detected mainly in the epithelium of gastric
cancer tissues and less frequently in the normal gastric tis-
sues. The strong granular patterns of Bcl-2 staining were
observed within the cytoplasm of the malignant epithe-
lium of gastric cancer tissue specimens. Conversely, only
weak granular patterns of Bcl-2 staining were observed
within the cytoplasm of a few normal gastric tissue speci-
mens (Figure 1F). Bcl-2 staining was quantitatively as-
sessed and grouped into positive expression and negative
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Factor n 5-yr survival $ P value
rate (%)

Gender 0.217 0.641
Male 37 45.9
Female 16 43.8

Age at surgery (yr) 0.260 0.610
<65 40 425
= 65 13 53.8

Tumor size (cm) 5.711 0.017
<4 13 76.9
=4 40 35.0

Tumor location 2.619 0.270
Lower stomach 28 57.1
Middle stomach 18 333
Upper stomach 7 28.6

Depth of primary tumor invasion 3.089 0.079
T1+ T2 6 83.3
T3+ T4 47 40.4

Status of lymph node metastasis 17.950 <0.001
Negative 16 93.8
Positive 37 243

Lauren’s classification 3.280 0.070
Intestinal 25 60.0
Diffuse 28 321

STAT3 19.432 <0.001
Negative 22 81.8
Positive 31 194

pSTAT3 40.444 <0.001
Negative 27 85.2
Positive 26 3.8

SOCS-1 5.712 0.017
Negative 47 38.3
Positive 6 100.0

Survivin 4.295 0.038
Negative 14 714
Positive 39 359

Bcl-2 13.866 <0.001
Negative 27 70.4
Positive 26 19.2

STATS3: Signal transducer and activator of transcription-3; pSTAT3: Phos-
phor-STAT3; SOCS-1: Suppressor of cytokine signaling-1.

expression. Positive Bcl-2 expression was detected in 26
of 53 gastric cancer tissue specimens and in 0 of 53 nor-
mal gastric tissue specimens. The ratio of positive Bcl-2
expression in gastric cancer tissue specimens was signifi-
cantly higher than that in normal gastric tissue specimens

(49.1% s 0%, y* = 34.450, P < 0.001).

Analysis of clinicopathologic variables and
immunohistochemical staining of antibodies in gastric
cancer

The following clinicopathologic variables were analyzed:
(1) age at surgery (< 65 years or = 65 years); (2) gender
(male or female); (3) tumor location (lower third, middle
third, or upper third); (4) tumor size (< 4 cm or = 4 cm);
(5) depth of primary tumor invasion (UICC) (T1+T2,
or T3+T4); (6) Lauren’s classification of primary tumor
(intestinal or diffuse); and (7) metastatic status of lymph
nodes (positive or negative). In addition, the follow-
ing antibodies were analyzed with OS of gastric cancer
patients: STAT3, pSTAT3, SOCS-1, survivin and Bcl-2.
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Figure 2 Survival curve in 53 gastric cancer patients following curative
resection according to the metastatic status of lymph nodes (A) and dif-
ferent expression levels of phosphor-signal transducer and activator of
transcription-3 (B). A: Negative lymph node metastasis and positive lymph
node metastasis; B: Negative and positive expression of pSTAT3.

With the univariate analysis, seven factors were found
to have statistically significant associations with OS of
gastric cancer patients after curative surgery (Table 1),
including tumor size, metastatic status of lymph nodes
(Figure 2A), and STAT3, pSTAT3 (Figure 2B), SOCS-1,
survivin and Bcl-2 expressions.

All above seven variables were included in a multivari-
ate Cox proportional hazards model (forward stepwise
procedure) to adjust for the effects of covariates (Table 2).
In this model, metastatic status of lymph nodes (HR =
8.591, P = 0.040), and pSTAT3 (HR = 9.605, P < 0.001)
showed significant correlations with OS of gastric cancer
patients after curative surgery.

Correlation between immunohistochemical expressions
of STAT3, pSTAT3, SOCS-1, survivin and Bcl-2 and
status of lymph node metastasis in gastric cancer

We found that the immunohistochemical expression level
of STAT3 was positively associated with that of pSTAT3
(B = 0.451, P = 0.001), survivin (§ = 0.504, P = 0.001),
and Bcl-2 (§ = 0.588, P < 0.001). The immunohistochem-
ical expression level of STAT3 was negatively associated
with that of SOCS-1 (8 = -0.660, P = 0.002). In addition,
the STAT3 immunohistochemical expression was posi-
tively associated with the status of lymph node metastasis
(B = 0.480, P = 0.001).
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Factors P value Relative risk 95% CI
Status of lymph node 0.040 8.591 1.104-66.858
metastasis

Tumor size 0.701

STAT3 0.225

pSTAT3 <0.001 9.605 3.107-29.694
SOCS-1 0.429

Survivin 0.749

Bcl-2 0.213

STATS3: Signal transducer and activator of transcription-3; pSTAT3: Phosphor-
STAT3; SOCS-1: Suppressor of cytokine signaling-1; CI: Confidence interval.

Correlation between immunohistochemical expressions
of pSTAT3, SOCS-1, survivin and Bcl-2 and status of
lymph node metastasis in gastric cancer

The immunohistochemical expression level of pSTAT3
was positively associated with that of survivin (§ = 0.473,
P =0.002) and Bcl-2 (§ = 0.623, P < 0.001). The immuno-
histochemical expression level of pSTAT3 was negatively
associated with that of SOCS-1 (§ = -0.553, P = 0.010). In
addition, the level of pSTAT3 immunohistochemical ex-
pression was positively associated with the status of lymph
node metastasis (3 = 0.524, P < 0.001).

DISCUSSION

Recently, the molecular markers are being studied, as it
may improve the prognostic prediction for gastric cancer
patients after curative resection. Although many investiga-
tors have suggested that several molecular markers should
be considered as key prognostic indicators in gastric can-
cet, such as epidermal growth factor receptor, vascular
endothelial growth factor, hypoxia inducible factor 1-o
and p53, none of them have been defined as a unified
standard in clinical practice™>". The STAT proteins are a
family of transcription factors which regulate expression
of multiple genes involved in both physiological and path-
ological conditions, which seems to be one of the most
promising molecular markers for predicting the prognosis
of patients with various cancers.

Of the STAT family members, STAT3 is the most
commonly activated in human cancers''”. Several previous
reports showed increased or activated STAT3 expres-
sion in gastric cancer'™'**, Recently, Kim e 2/” found
that 39% of 100 patients with gastric cancer had positive
STAT3 expression, whereas only 14% of 71 patients with
normal gastric tissues had positive STAT3 expression.
They also demonstrated that positive STAT3 expression
was significantly associated with regional lymph node in-
vasion (P = 0.008). Jackson ez a/'" indicated that inappro-
priate STAT3 activation was an eatly event in the initiation
and progression of gastric cancer. They found that gastric
cancer cells showed increased total STAT3 staining in
both the cytoplasm and the nucleus, and a high degree of
predominantly nuclear pSTAT3 staining as compared with
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normal gastric cells. At present study, the ratio of positive
STAT?3 expression in gastric cancer tissue specimens was
58.5%, which was significantly higher than that in normal
gastric tissue specimens (11.3%) (P < 0.001). Similarly,
our results also showed that positive STAT3 expression
was significantly associated with the status of lymph node
metastasis (P = 0.001). Our positive STAT3 expression
was higher than that reported by Kim ez al”, and lower
than that (73%) reported by Gong e/ al"”. We think these
differences might be induced due to the different stages
of patients, subjective interpretation by pathologists,
and production of antibodies. To avoid the limitation of
STAT3 expression detected by the immunohistochemi-
cal method, we also adopted the 7z sitn hybridization for a
more precise detection of STAT3 mRNA expression. All
gastric cancer tissue specimens were positive for STAT3
mRNA expression, whereas only 8 of 53 normal gastric
tissue specimens were positive for STAT3. With the sur-
vival analysis, we found that patients with STAT3 negative
expression in primary tumors were more likely to have
a longer median OS compared with those with STAT3
positive expression (P < 0.001). This result was similar to
the above-mentioned studies. Therefore, we thought that
the STAT?3 positive expression was significantly associated
with the progression and prognosis of gastric cancer pa-
tients.

Choi et al*” analyzed 137 cases of gastric cancer tissues
obtained from radical gastrectomy and found that pSTAT3
positive expression occurred more frequently than in non-
neoplastic gastric tissues and pSTAT3 positive expression
was significantly associated with low pathological grade
and lymph node metastasis. Lee e/ a/'" assessed the STAT3
activation in 311 cases of sutgically resected gastric cancer
tissues and found that pSTAT3 was an independent prog-
nostic factor for poor survival following curative resection.
We also found that pSTAT3 positive expression in gastric
cancer tissues occurred significantly more often than that
in normal gastric tissues and pSTAT3 was significantly
associated with the status of lymph node metastasis. The
survival analysis showed that pSTAT3 was an independent
factor of OS after curative resection in gastric cancer pa-
tients instead of STAT3. Therefore, pPSTAT3 might be a
functional transformant which could preferably reflect the
biological effects of STAT3.

Many studies demonstrated that the inactivated
SOCS-1 was one of the targets in cancer development
and a tumor suppressor in the JAK/STAT pathwayngj.
Ni et a/”” found that there was down-regulation of
SOCS-1 gene in gastric cancer cell line AGS due to gene
promoter hypermethylation, which provided evidence that
JAK/STAT pathway was activated by aberrant SOCS-1
methylation in gastric cancer. In our study, the SOCS-1
positive expression in gastric cancer was much lower than
that in normal gastric tissues (P < 0.001). Besides, the
SOCS-1 expression was negatively correlated with the
expression of STAT3 (P = 0.002) or pSTAT3 (P = 0.010).
We considered that SOCS-1 was an inhibitor for the ex-
pression, activation and phosphorylation of STAT3 in
gastric cancer.
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STAT3 has been considered as a molecular hub for
several crucial signaling pathways in different cancer types.
It was suggested that the activation of cell proliferation
and inhibition of apoptosis were induced by STAT3".
Several researchers showed the similar conclusion that
oncogenesis of the STAT3 was closely associated with the
cell survival and the cell apoptosis' >, In our study, the
ratio of positive Bcl-2 expression in gastric cancer tissues
was significantly higher than that in normal gastric tis-
sues and the Bcl-2 expression was significantly associated
with STAT3 (or pSTAT3) expression. Similar results were
found in survivin expression. Therefore, we considered
that STAT3 could facilitate the progression of gastric
cancer by supporting cell survival and inhibiting cell apop-
tosis.

In summary, the STAT3 expression was significantly
associated with the lymph node status, poor prognosis,
and the expressions of pSTAT3, survivin and Bcl-2. The
SOCS-1 expression was inversely associated with the
STAT3 expression. STAT3 could promote tumor cell sur-
vival and inhibit cell apoptosis in gastric cancer.

COMMENTS

Background

Signal transducer and activator of transcription-3 (STAT3) was identified as the
key factor which was associated with cancers by many investigators. However,
the correlation between gastric cancer and STAT-3 is not unclear.

Research frontiers

The authors detected the expressions of STAT3, phosphor-STAT3 (pSTAT3),
SOCS-1, survivin and Bcl-2 proteins in gastric cancer and analyzed the clinico-
pathological variables associated with the prognosis of gastric cancer. Multivari-
ate analysis showed that pSTAT3 expression and lymph node metastasis were
independent factors of overall survival of gastric cancer patients. The expres-
sion of STAT3 protein was associated with the status of lymph node metastasis
of gastric cancer.
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STAT3 could transform into pSTAT3 to promote the survival and inhibit the
apoptosis of gastric cancer cells. suppressor of cytokine signaling-1 (SOCS-1)
might be the valid molecular antagonist to inhibit the STAT3 expression in gas-
tric cancer.
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The molecular contributions of STAT3 to gastric cancer have been elucidated in
this study.

Terminology
STAT3 is significantly associated with the lymph node metastasis, cell survival
and inhibition of cell apoptosis in gastric cancer.

Peer review

Deng et al studied the expressions of STAT3, pSTAT3, SOCS-1, survivin and
Bcl-2 proteins in human gastric cancer. The study is of interest and potential
clinical importance.
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