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STAT3 activation in tumor cell-free lymph nodes predicts
a poor prognosis for gastric cancer
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Abstract: STAT3 is constitutively activated in many human cancers including gastric cancer and plays crucial roles in
modulating cancer cell proliferation, survival, metastasis as well as the microenvironment of pre-metastatic niches.
Accumulating evidence has implicated STAT3 as a promising target for cancer therapy and it has been well estab-
lished that tumor cell metastasized to lymph node is associated with poor prognosis. However, little is known about
the relation between STAT3 activation in tumor cell-free lymph nodes and patient clinical outcomes. The objective
of the current study was to investigate the role of STAT3 activity in tumor cell-free lymph nodes in tumor progression
and prognosis for gastric cancer patients. Immunohistochemical analyses for p-STAT3, Ki-67, CD68 and Bcl-xL were
performed in tumor cell-free lymph nodes from 60 gastric cancer patients. Survival analysis was conducted by us-
ing the Kaplan-Meier method. Immunohistochemical analyses showed that hyperactivity of STAT3 in tumor cell-free
lymph nodes was significantly associated with tumor recurrence, and STAT3 activation pattern coincides with ex-
pression Ki-67, CD68, Bcl-xL. Survival analysis revealed that persistent STAT3 activation in uninvolved lymph nodes
was positively associated with poor overall survival (P<0.05). These findings suggest that STAT3 activation in tumor-
free lymph nodes is involved in the pathogenesis and metastasis of gastric cancer and that elevated STAT3 activity
in lymph nodes prior to tumor cell arrival may indicate a poorer prognosis. These clinical studies support our findings
in mouse tumor models showing that STAT3 activation is crucial for pre-metastatic niche formation and metastasis.
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Introduction it has been reported that the relatively higher
death rate of gastric cancer was partially asso-
ciated with lymph duct and venous invasion and
lymph node metastasis [5]. However, the under-
lying molecular mechanisms responsible for

lymphoid metastasis and tumor recurrence

Gastric cancer remains one of the most com-
mon causes of cancer-related deaths world-
wide, especially in Eastern Asia area, which is
28.1% for males and 13.0% for females respec-

tively [1]. Even according to the latest cancer
statistic of United States, the incidence and
death rate of gastric cancer in Asia ethnic group
are still higher than other ethnic groups despite
of the advances in treatment and subsequent
improvement in prognosis [2]. Among several
factors, tumor stage, such as depth of tumor
invasion and lymph node metastasis, has gen-
erally been shown to be the main risk factor for
recurrence in gastric cancer patients [3, 4] and

have not been fully elucidated.

Recent advances in cancer biology study have
revealed that signal transducer and activator of
transcription (STAT) proteins, especially STAT3,
was a vital factor in carcinogenesis and tumor
metastasis [6-8]. STAT proteins belong to a fam-
ily of transcription factors that are normally
inactive within the cytoplasm of cells and
become activated by tyrosine phosphorylation


http://www.ijcep.com

STAT3 activation predicts prognosis

in response to cytokines and growth factors. In
normal cells, STAT activation is transient,
whereas in a large number of primary tumors
and cancer-derived cell lines, STAT proteins (in
particular STAT3) remain activated by persis-
tently activated tyrosine kinases and/or a
decrease in the negative regulators of STAT
dephosphorylation [9, 10]. STAT3 was first iden-
tified as a DNA-binding factor that selectively
binds to the interleukin 6 (IL-6)-responsive ele-
ment in the promoter of acute phase genes
from IL-6-stimulated hepatocytes. Activated
STAT3 (p-STAT3) dimerizes and translocates
into the nucleus, where its occupation of spe-
cific DNA-binding sites results in the increased
transcription of several molecules that are
involved directly in cell proliferation, survival,
and metastasis, which include Bcl-2, Survivin,
MMP-2 and many others [11-14].

It has been widely documented that dysregula-
tion of STAT3 by constitutive activation in tumor
cells acts an important role as a crucial onco-
genic mediator and potent transcriptional fac-
tor [15-22], and clinical study shows that STAT3
activation in gastric cancer cells significantly
associated with regional lymph node invasion
and tumor recurrence [23]. Moreover, numer-
ous studies have also demonstrated persistent
activation of STAT3 in myeloid cells and T cells
at primary tumor sites, facilitating immunosup-
pression and promoting tumor angiogenesis,
tumor growth, and metastasis [24-28]. Notably,
our recent study [29] reveals that STAT3 even
can be activated in myeloid cells in pre-meta-
static niches in mice and contributes to tumor
cell metastasis, and blocking STAT3 activity in
myeloid cells disrupts existing pre-metastatic
niches. Activated STAT3 in the future metastat-
ic sites promotes colonization of myeloid cells
and therefore formation of pre-metastatic nich-
es. Analyzing uninvolved lymph nodes from
high-risk prostate cancer and melanoma
patients revealed that elevated STAT3 activity
in CD68" myeloid cells coincides with increased
proliferation and survival signals at pre-meta-
static sites.

Indeed, many previous studies have demon-
strated that constitutive activation of STAT3 in
a wide variety of human malignancies’ primary
tumor cells has been recognized as a predictor
for poorer survival, including gastric cancer
[30-34], but the impact of activated STAT3 in
tumor cell-free lymph nodes in gastric cancer
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on patients’ prognosis remains to be identified.
Our current study evaluates the expression of
p-STAT3 (Tyr705) in uninvolved lymph nodes
from high-risk human gastric cancer patients,
with the aim to investigate whether STAT3 is
persistently activated at tumor cell-free lymph
nodes and whether STAT3 signaling is correlat-
ed with myeloid cell infiltration as well as
patients’ prognosis.

Patients and methods
Patients and tissue specimens

Gastric cancer patients’ specimens were
obtained from Department of Pathology,
Huashan Hospital. Briefly, samples from 60
gastric cancer patients (all of whom were con-
firmed by pathological examination that had
both kinds of tumor cell-involved and tumor
cell-free lymph nodes), who received surgical
treatment at Huashan Hospital in 2005, were
collected and confirmed as gastric adenocarci-
noma, and then made available for this study.
Paraffin-embedded tissue from benign lymph
nodes were obtained and prepared as 4 mm
sections on unstained slides for subsequent
analyses. Retrospective follow-up was success-
fully conducted on 48 patients at July 2011.
The use of all tissue blocks for this study was
approved by the Institutional Ethics Review
Board of Huashan Hospital.

Immunohistochemistry staining

The immunostaining was performed using the
Dako EnVisionTMtKit (Dako, Denmark), and
detected by Dako Liquid DABt, which is based
on horseradish peroxidase (HRP)-labeled poly-
mer conjugated with secondary antibodies.
Briefly, paraffin-embedded specimens were cut
into 4-mm sections, mounted onto polylysine-
coated slides, dewaxed in xylene, rehydrated in
alcohol, and treated with 3% H,O, in methanol
for blocking endogenous peroxidase activity.
For antigen retrieval, the sections were auto-
claved for 15 min 95°C at in EDTA (PH=8.0).
After treatment with 1% PBS for 5 min 3 times,
the consecutive tissue sections were incubated
for 60 min at 37°C with anti-STAT3 (Tyr705)
monoclonal antibodies (1:200 dilution, Cell
Signaling), or anti-CD68 monoclonal antibody
(diluted 1:80; AbDseroTec), or anti-Ki67 mono-
clonal antibody (diluted 1:100; Abcam), or anti-
Bcl-xL monoclonal antibody (diluted 1:200; Cell
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Table 1. Clinicopathologic correlation of p-
STAT3 expression in 60 tumor cell-free lymph
node tissues from gastric cancer patients

p-STAT3

Characteristic n P Value
I I m v
Sex 0.993
Male 43 13 12 14 4
Female 7 5 4 8 O
Age (years) 0.136
<55 22 10 4 7 1
>55 38 8 12 15 3
Tumor size (cm) 0.153
<5 37 13 10 13 1
>5 23 5 6 9 3
Stage 0.364
2 37 12 10 13 2
3 19 4 5 8 2
4 4 2 1 1 O
Recurrence 0.012"
With 24 0 12 9 3
Without 12 5 0 7 O
NA 24 13 4 6 1

“p<0.05 was considered statistically significant. NA: data
not available.

Signaling), and then were incubated overnight
at 4°C in moist chambers. The primary anti-
body was detected using the Dako EnVision™
Kit. Reaction products were visualized by Dako
Liquid DAB Substrate-Chromagen System and
then counterstained with hematoxylin. Negative
controls were samples that were incubated
with normal mouse serum.

Evaluation of immunostaining

All immunostained sections were blindly evalu-
ated by two independent investigators. The
scoring of p-STAT3 expression was based on
both intensity and extensity. The percentage of
positive cells were determined quantitatively by
assessing the lymphatic sinus section, and
each sample was scored on a scale of O to 4:0,
negative; 1, positive staining in 1-25% cells; 2,
25-50% cells; 3, 50-75% cells; and 4, 75-100%
cells. Intensity was graded as follows: O, no sig-
nals; 1, weak; 2, moderate; and 3, strong stain-
ing. A total score of 0-12 was finally calculated
and graded as: |, score 0-1; Il, 2-4; lll, 5-8; 1V,
9-12. Grades | and Il represented low staining,
and grades lll and IV represented high staining.
Ki-67 and Bcl-xL scores were counted on a min-
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imum of 10 randomly selected x40 high-power
fields containing representative sections of
lymphatic sinus, and CD68 score was evaluat-
ed by assessing the representative sections of
lymphatic sinus, by calculating the percentage
of positively stained cells to total cells, and pos-
itive staining in 1-25% cells represented low
staining, and >25% represented high staining.

Statistical analysis

All statistical analysis and graphs were per-
formed using the GraphPad Prism 5 statistical
software package for Windows. Correlation
between p-STAT3 expression and clinicopatho-
logical was conducted by the two tailed Mann-
Whitney U-test or Kruskal-Wallis test. Fisher’s
exact test was used for testing relationship
between p-STAT3 expressions in benign lymph
node with other three markers. Survival time
was calculated as the date of resection until
date of death or date of the latest follow-up.
Survival curves were plotted by the Kaplan-
Meier method and statistical differences were
analyzed using the log-rank test. P<0.05 denot-
ed the presence of a statistically significant
difference.

Results
Study population

The clinicopathological information about these
60 patients is shown in Table 1. There were 43
males and 17 females, whose ages were
ranged from 37 to 90 years with an average
age of 62 years. The primary tumor size was
ranged from 1 cm to 20 cm with an average
size of 6 cm. The TNM stage was calculated
according to the AJCC criteria, and there were
37 patients (62%) in stage Il, 19 patients (32%)
in stage lll and 4 patients (6%) in stage IV. After
checking the patients’ medical documents
carefully and conducting the follow-up by call-
ing their families, 24 patients were confirmed
with recurrence after gastrostomy, 12 patients
without and the other 24 patients not clear.

p-STAT3 expression and correlation with clini-
copathologic variables

Among 60 tumor cell-free lymph nodes, we
observed grade | p-STAT3 expression in 18 tis-
sue (30%), grade Il p-STAT3 expression in 16
tissue (27%), grade Il p-STAT3 expression in 22
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Figure 1. Evaluation of p-STAT3, Ki-67, CD68, Bcl-xL expression in tumor cell-free lymph nodes. A, E: p-STAT3 was
detected in nuclei of lymphatic sinus cells, et al (x100). B, F: CD68 was detected in nuclei of lymphatic sinus cells
(x100). C, G: Bel-xL was detected in cytoplasm of lymphatic sinus cells (x100). D, H: Ki-67 was detected in nuclei of
lymphatic sinus cells (x100). A-D: High expression; E-H: Low expression.

Table 2. Relationship between p-STAT3 and
Ki-67, CD68, Bcl-xL expression in 60 tumor
cell-free lymph node tissues

p-STAT3 expression
Strong Weak P value

Ki-67 expression 0.024"
Strong 12 6
Weak 14 28

CDG6S8 expression 0.018"
Strong 16 10
Weak 10 24

Bcl-xL expression 0.019"
Strong 19 14
Weak 7 20

“p<0.05 was considered statistically significant.

tissue (37%), and grade IV p-STAT3 expression
in 4 tissue (6%) by immunohistochemistry.
Thus, strong p-STAT3 expression was found in
26 (43%) lymph node tissues. Table 1 shows
p-STAT3 expression status in relation to various
clinical and pathologic features. Activated
STAT3 was positively associated with tumor
recurrence significantly (P=0.012), but no sig-
nificant correlation was found with patients’
age, gender, tumor size, or TNM stage.

p-STAT3 expression and correlation with Ki-67,
CD68 and Bcl-xL

Evaluation of p-STAT3, Ki-67, CD68, Bcl-xL
expression in tumor cell-free lymph nodes was
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shown in Figure 1. In these lymph node tissues
with strong p-STAT3 expression, Ki-67, Bcl-xL
and CD68 are also highly expressed. By using
Fisher exact test, we found that p-STAT3 expres-
sion was positively associated with expression
levels of Ki-67 (proliferation), CD68 (myeloid-
derived cells), and Bcl-xL (survival/ant-apopto-
sis) (P=0.024, 0.018, 0.019, respectively, Table
2). These findings indicated that high p-STAT3
expression may play a key role in cell prolifera-
tion, survival/anti-apoptosis, and myeloid cell
cluster formation since their expression pat-
terns coincide.

Correlation between p-STAT3 expression and
patients’ overall survival

There were 48 patients with median follow-up
of 23 months (from 1 to 79 months) available
for the survival test of our study, and there were
total 21 deaths. The overall survival rates were
determined by using the Kaplan-Meier analysis.
Among these 48 patients who had survival fol-
low-up data, p-STAT3 over-expression influ-
enced long-term patients’ overall survival time
and rate after surgery. The mean overall sur-
vival time was 35.31+5.279 months when
p-STAT3 lowly expressed in the tumor cell-free
lymph nodes. However, when the lymph node
p-STAT3 was highly expressed, the mean over-
all survival time was 28.58+6.802 months.
Meanwhile, patients with heavy p-STAT3
expression in tumor cell-free lymph nodes have
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Figure 2. Kaplan-Meier curves for patients’ overall
survival. The top survival curve shows the overall
survival rate of 48 gastric cancer patients according
to p-STAT3 expression in tumor cell-free lymph nodes
(P<0.05). The bottom table shows the median sur-
vival time and OR (95% CI), and patient’s number
calculating according to p-STAT3 expression.

significant lower overall survival rate compared
with those with light p-STAT3 expression signal
(P=0.044, Figure 2). Taken together the overall
survival rate and time were significantly lower
and shorter in patients with high p-STAT3
expression in uninvolved lymph nodes than in
those with low p-STAT3 expression.

Discussion

We conducted this study to examine the prog-
nostic significance of p-STAT3 expression in the
tumor cell-free lymph nodes from patients with
gastric cancers. The results from this clinical
study support our previous finding that consec-
utive activation of STAT3 can occur in distant
organs before tumor cell arrival and that persis-
tent STAT3 signaling in myeloid cells can
increase their proliferation and survival. We
show that STAT3 was strongly activated in
43.3% of tumor cell-free lymph nodes and the
expression of activated STAT3 (p-STAT3) signifi-
cantly correlated with worse prognosis by uni-
variate analysis in the gastric cancer patients.
Our observations also indicate that STAT3 is
partially responsible for increased tumor recur-
rence after surgery treatment. Although overex-
pression of p-STAT3 in primary tumor sites has
been recognized as a predictor of poorer sur-
vival in many malignancies, including gastric
cancer [23, 30-35], to our knowledge, this is
the first time to report that STAT3 is also persis-
tently activated in tumor cell-free lymph nodes
in gastric cancer patients, which is positively
associated with proliferation/survival signals in
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myeloid cell clusters. Hence, our findings sug-
gest that STAT3 activation plays an important
role in tumor metastasis in gastric adenocarci-
noma. More importantly, p-STAT3 expression
level in uninvolved lymph nodes can potentially
be used as a prognostic factor for patients’ sur-
vival as well as tumor recurrence.

There are limitations in this study. For example,
the sample size in this retrospective study in
this study is relatively small, limiting the
strength of the conclusion. We were not able to
include more patients because it was difficult
to contact the patient’s family through the
phone numbers they left on medical docu-
ments about 5-6 years ago. Another limitation
is that the data on cancer recurrences were not
fully available in our current study, 24 out of 60
patients’ data were missing because we could
not have the information whether these
patients developed recurrence or not. The
other limitation may refer to lack of mechanism
research on gastric cancer cells or animal
model. In the future, we need to enlarge the
involved patient’s number as well as to explore
the mechanism(s) by which STAT3 contributes
to carcinogenesis, progress, metastasis and
recurrence in gastric cancer.

In summary, our current small study has shown
that individuals with STAT3-activated in tumor
cell-free lymph nodes had more recurrence and
poorer prognosis. As targeting pre-metastatic
niches may be a new approach to prevent or
reduce metastasis in cancer patients, our
results suggest that activated STAT3 may be
used to predict patient outcome and inhibition
of STAT3 signaling might provide a therapeutic
target for inhibiting gastric cancer recurrence
and metastasis, and further prolong the sur-
vival of gastric cancer patients. In this respect,
our findings may have substantial clinical
implications.
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