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PIAS3, an inhibitor of STAT3, has intensively negative
association with the survival of gastric cancer
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Abstract: Objective: The present study was conducted to elucidate the prognostic prediction value of the expression
of the protein inhibitor of activated signal transducer and activators of transcription 3 (PIAS3) in gastric cancer (GC).
Methods: We detected the expression of PIAS3 in GC tissue, adjacent non-tumor tissue, GC cell lines, and GES-1
cell line. Besides, both clinicopathological data and follow-up records were obtained for patients’ survival analyses.
Results: We showed that both protein and mRNA expression of PIAS3 in GC tissue were significantly lower than
those in adjacent non-tumor tissue, respectively. Besides, the relative mRNA expression value of PIAS3 in each of
GC cell lines was also much lower than that in GES-1 cell line. With multivariate survival analyses, PIAS3 protein
expression in GC tissues, and status of lymph node metastasis were identified to be the independently prognostic
predictors of GC by using the Cox regression with bootstrapping method. Conclusions: Lower expression of PIAS3
protein, indicating the poor survival of GC, is a potential marker for prediction the prognosis of patients.
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Introduction

Although the worldwide incidence of gastric
cancer (GC) was still decreasing, GC still
accounts for 3% to 10% of all cancer related
deaths [1]. The survival rate for GC has steadily
been improving in East countries in the past
decades, though it has not been showed in
other nations [2]. In spite of the technical
improvements in surgery, the prognostic evalu-
ation of GC is still be considered as the critical
procedure for administration the optimal treat-
ment for improvement the survival rate for
patients. Recently, researchers are still con-
centrating on the optimal biomarkers for pre-
cise prediction the prognosis of GC. Relatively
low sensitivity and specificity in diagnosis or
prognosis of GC limited most biomarkers in fur-
ther use [3]. It was fully elucidated that signal
transducers and activators of transcription
(STAT) could be activated by upstream receptor
or non-receptor tyrosine kinases in malignan-
cies [4]. Recently, researchers reported that

STAT3 activation was correlated with such
diverse cellular phenotypes as differentiation,
proliferation, apoptosis regulation, angiogene-
sis, malignant transformation, metastasis for-
mation and drug responsiveness [5]. In addi-
tion, the activation of EGFR/STAT3 signaling
pathway was demonstrated to contribute to
lymph node metastasis from GC [6]. It is certain
that PIAS3 was originally identified as a specific
inhibitor of STAT3 [7]. However, the biological
functions of PIAS3 in GC tissue have not been
elucidated. Taking into account the aforemen-
tioned considerations, we designed this study
to elucidate the potentially prognostic predic-
tion of PIAS3 expression for GC patients.

Patients and methods
Data source

After the institutional review board of Tangshan
People’s hospital (China) approved our study,
data from the cancer registry of the Tangshan
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Table 1. Patient demographics

Gender
Male 41 (74.55%)
Female 14 (25.45%)
Age at surgery
<60 32 (58.18%)
> 60 23 (41.82%)

Tumor location

Other location 31 (56.36%)

Lower third 24 (43.64%)
Tumor size

<4.0 8 (14.55%)

>4.0 47 (85.45%)
Tumor invasion (serosal invasion)

Yes 47 (85.45%)

No 8 (14.55%)
Status of lymph node metastasis

Yes 36 (65.45%)

No 19 (34.55%)
Lauren classification

Intestinal 16 (29.09%)

Diffuse 37 (67.27%)

Mixed 2 (3.64%)

Type of gastrectomy
Distal subtotal 25 (45.45%)

Proximal subtotal 10 (18.18%)

Total 20 (36.36%)
PIAS3 protein expression in GC tissues (IH)
No (-, +) 38 (69.09%)

Yes (++, +++) 17 (30.91%)
Abbreviation: IH, immunohistochemical staining.

People’s hospital were obtained. Data obtained
from the registry were listed as follows: gender,
age at surgery, tumour location, tumour size,
tumour invasion (serosal invasion), status of
lymph node metastasis, Lauren classification,
type of gastrectomy, and follow-up vital status.
Oral and written informed consents were also
obtained from patients who were included in
this study.

Cells

Human GC cell line AGS, KATO-III, SUN-1, SGC-
7901, HGC-27, MGC-803, and BGC-823 were
purchased from the Type Culture Collection of
the Chinese Academy of Sciences, (Shanghai,
China). Human normal gastric mucosa cell line
GES-1 lines were purchased from Biowit
Technologies Corporation (Shenzhen, China).
GC and GES-1 cell lines were maintained at
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37°C in a humidified atmosphere of 5% CO,
and 95% air in RPMI 1640 (Thermo Electron
Corporation, Beijing, China). Media were sup-
plemented with 10% (v/v) FBS (Life Tech,
Mulgrave Vic, Australia) and penicillin/strepto-
mycin (10,000 IU/ml penicillin, 20 mg/ml strep-
tomycin; Roche, Swiss). The medium was
changed twice a week.

Study population and tissue samples

A total of 55 GC patients after potentially cura-
tive resection for histologically confirmed gas-
tric adenocarcinoma from Nov 2000 to Oct
2005 were eligible for this study. Eligibility crite-
ria for this study included: 1) histologically prov-
en adenocarcinoma, 2) no history of gastrecto-
my or other malignancy, 3) no distant metasta-
sis or peritoneal dissemination, 4) lymphade-
nectomy performed, 5) no gastroesophageal
junction tumor or cardia tumor, 6) no patients
died during the initial hospital stay or for 1
month after surgery. All patients were operated
on according to the potentially curative gastrec-
tomy. Adjuvant chemotherapy or radiotherapy
was not routinely administrated in patients rou-
tinely. This study was approved by the Research
Ethics Committee of Tangshan People’s hospi-
tal, and written informed consent was obtained
from all patients.

Surgical treatment

Curative resection was defined as a complete
lack of grossly visible tumor tissue and meta-
static lymph nodes remaining after resection,
with pathologically negative resection margins
[8]. Primary tumors were resected en bloc with
limited or extended lymphadenectomy (D1 or
D2-3 according to the Japanese Gastric Cancer
Association (JGCA) [9]). Surgical specimens
were evaluated as recommended by the sev-
enth UICC TNM classification for GC.

Immunohistochemistry

Paraffin sections (4 ym thick) were deparaf-
finized and rehydrated. Antigen retrieval treat-
ment was done at 95°C for 40 minutes in 0.01
mol/L sodium citrate buffer (pH 6.0), and
endogenous peroxidases were blocked using
3% hydrogen peroxide for 30 minutes. Purch-
ased antibody was mouse anti-PIAS3
(Epigentek, A-8151-100, 1:150 dilution). All
sections were incubated overnight with the pri-
mary antibody at 4°C. The sections were then
treated with peroxidase using the labeled poly-
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Figure 1. PIAS3 and STAT3 mRNA expression in gastric cancer cell lines and GES-1 cell line.

mer method with Zhongshan Peroxidase
(Beijing, China) for 30 minutes. Antibody bind-
ing was visualized using the Avidin Biotin
Complex (ABC) Elite Kit and 3,3’-diaminoben-
zine according to the manufacturer’s instruc-
tions (City Key Laboratory of Tianjin Cancer
Center, China). Sections were then counter-
stained in hematoxylin. For general negative
controls, the primary antibody was replaced
with PBS.

Microscopic assessment of PIAS3 protein ex-
pression

All sections were assessed blindly by two inde-
pendent observers, and in cases of assessing
disagreement a third independent assessment
was performed. Staining for PIAS3 protein was
considered potentially positive if there was
cytoplasmic staining. The grade of staining
intensity of PIAS3 protein was rated on a scale
from “-” to “+++”, with “-”, indicating no staining;
“+”, weak staining; “++”, moderate staining;
and “+++”, strong staining. The intensity scores
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of “++” and “+++” were considered positive
staining [10]. The intensity scores of “++” and
“+++” were considered positive staining, where-
as the intensity scores of “-” and “+” were con-
sidered negative staining.

Semi-quantitative reverse transcription poly-
merase chain reaction (RT-PCR) analysis

For the PIAS3 and STAT3 semi-quantitative
RT-PCR, RNA was extracted from all GC cell
lines, GES-1 cell line, gastric adenocarcinoma
tissue, and adjacent non-tumor tissues using
Trizol reagent (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instructions. Total
RNA was reverse transcribed to cDNA in a 20 ul
volume using Reverse Transcription kit (Invi-
trogen, Carlsbad, CA). Primers designed and
utilized for PIAS3 was as follows: Forward
sequence: 5-GAGCCGACATCCAAGGTTTAG-3,,
and Reverse sequence: 5-GACAGCGAAGTTT-
CCATAATCC-3'. Primers designed and utilized
for STAT3 was as follows: Forward sequence:
5-GAAGGACATCAGCGGTAAGA-3’, and Reverse
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Figure 2. A. Expression of PIAS3 protein in the cytoplasm of malignant epithelium of gastric cancer tissue (x 400
maghnification); B. Expression of PIAS3 in the cytoplasm of epithelium of adjacent non-tumor tissue (x 400 magni-

fication).
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Figure 3. PIAS3 mRNA expression in gastric cancer tissue and adjacent non-tumor tissue (representation: N: adja-

cent non-tumor tissues; T: gastric cancer tissues).

sequence: 5-TACTTTCCGAATGCCTCCTC-3'. The
GAPDH gene was used as an endogenous con-
trol for quantitative DNA-PCR. Primers designed
and utilized for GAPDH was as follows: Forward
sequence: 5-GAAGGTGAAGGTCGGAGTC-3’,
and Reverse sequence: 5-GAAGATGGTGATG-
GGATTTC-3'. The PCR Cycling conditions for all
sequences were 35 cycles of denaturation at
95°C for 3 minutes, annealing at 94°C for 30
seconds, and extension at 56°C for 30 sec-
onds followed by a final extension at 72°C for 8
minutes. All PCR product electrophoreses were
performed on a 2% agarose gel with ethidium
bromide and visualized using the Gel Imager
system (Asia Xingtai Mechanical and Electrical
Equipment Company, Beijing, China). The rela-
tive expression value of mRNA was expressed
by ratio between target mRNA gray scale value
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and GAPDH gray scale value. Amplifications
were quantified by computerizing absorbance
values with Gel Imager system.

Follow-up

After curative surgery, all patients were fol-
lowed every 3-6 months for 2 year, then every
year or until death. The median follow-up for the
entire cohort was 38.0 months (range: 2-86).
The follow-up of all patients who were included
in this study was completed in December 2012.
B ultrasonography, CT scans, chest X-ray, and
endoscopy were obtained with every visit.

Statistical analysis

Differences in the different variables of GC
patients were estimated using the X? test for
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Table 2. Survival analysis of GC patients

Variables Median OS (mo) X2?value Univariate P value HR value Multivariate P value
Gender
Male 31 0.624 0.430
Female 34
Age at surgery (years)
<60 34 1.474 0.225
> 60 25
Tumor location
Other location 28 3.822 0.049
Lower third 35
Tumor size (cm)
<4.0 41 0.901 0.342
>4.0 31
Type of gastrectomy
Distal subtotal 34 3.175 0.204
Proximal subtotal 35
Total 21
Lauren classification
Intestinal 28 0.103 0.950
Diffuse 34
Mixed 17
Tumor invasion (serosal invasion)
Yes 21 1.163 0.281
No 33
Status of lymph node metastasis
Yes 21 9.519 0.002 2.979 (1.349-6.576) 0.007
No 41
PIAS3 protein expression in GC tissues (IH)
No (-, +) 21 9.962 0.002 2.612 (1.283-5.317) 0.008
Yes (++, +++) 50

Abbreviation: IH, immunohistochemical staining.

categorical data and independent-paired
Student’s t test for continuous variables.
Univariate survival analysis was performed by
the Kaplan-Meier method, and log-rank test
was performed to determine significance. Cox
regression with bootstrapping performance
analysis was used to estimate the independent
risk factor of overall survival (OS) of GC patients
after curative surgery. P value less than 0.05
was considered significant. All statistical calcu-
lations were performed using PASW Statistics
18 software.

Results
Patient demographics

Patient demographics are shown in Table 1.
The median OS of 55 GC patients was 33
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months (range, 14-67 months) and 14 patients
was alive when fellow-up was over.

Expression of PIAS3 and STAT3 mRNA in GC
cell lines and GES-1 line

PIAS3 mRNA expression was assessed in
seven GC cell lines and GES-1 line by using the
RT-PCR (Figure 1). The relative mRNA expres-
sion value of PIAS3 in each of GC cell lines was
significantly much lower than that in GES-1 cell
line (0.31+0.16,.,, 0.54 + 0.09,.5.,, 0.42
+0.14, 050 0-36+£0.18_ . ...,0.66+0.21
0.57 £ 0.16,, ,, 0.39 + 0.11, . VS 2.47 +
0.64 . ,)- In addition, STAT3 mRNA expression
was also assessed in all GC cell lines and GES-1
line by using the RT-PCR (Figure 1). The relative
MRNA expression value of STAT3 in each of GC
cell lines was significantly much higher than
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Figure 4. Survival curve for 55 GC patients after curative resection (A) according to stage subgroup of status of
lymph node metastasis; (B) According to stage subgroup of PIAS3 protein expression.
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1.07, 000 VS 0.17 £ 0.04 . )

Immunohistochemical staining for PIAS3 pro-
tein in GC and adjacent non-tumor tissues

PIAS3 protein expression was mainly observed
in the cytoplasm (Figure 2). PIAS3 protein
expression was detected in 33 (60.0%) (-), 13
(23.64%) (+), 6 (10.91%) (++), and 3 (5.45%)
(+++) tumor samples, which represented that
only 9 (16.36%) patients presented positive
PIAS3 protein expression. Meanwhile, we found
that 16 (29.09%) (-), 7 (12.73%) (+), 21 (38.18%)
(++), and 11 (20.0%) (+++) of PIAS3 protein
expression were detected in adjacent non-
tumor tissues, respectively. Therefore, we dem-
onstrated that the positive rate of PIAS3 pro-
tein expression in GC tissues was significantly
higher than that in adjacent non-tumor tissues
(P <0.001).

Expression of PIAS3 mRNA in GC and adjacent
non-tumor tissues

PIAS3 mRNA expression was detected in malig-
nant tissues of GC and adjacent non-tumor tis-
sues from 55 patients (Figure 3). The relative
MRNA expression value of PIAS3 in GC tissues
was significantly much lower than that in adja-
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cent non-tumor tissues (0.59 + 0.31 VS 2.10 +
0.72, P < 0.001). PIAS3 mRNA expression in
adjacent non-tumor tissues was about 3.50-
fold higher than that in GC tissues.

Survival analysis

The results of survival analysis of 55 GC
patients were showed in Table 2. Univariate
analysis showed significant relationship betw-
een OS and tumor location, status of lymph
node metastasis, and PIAS3 protein expression
(immunohistochemical staining) in GC tissues.
PIAS3 protein expression in GC tissues (HR =
2.979; P = 0.007), and status of lymph node
metastasis (HR = 2.612; P = 0.008) were iden-
tified as the independent factors of OS in all
enrolled GC patients following the multivariate
analysis (Cox regression with bootstrapping
performance) (Figure 4).

Discussion

More than 980 000 new GC cases are diag-
nosed annually, and the disease causes 730
000 deaths per year. As we know, STAT3 activi-
ty can contribute to oncogenesis and promote
the metastasis of GC [6]. Under physiological
conditions in normal cells, the activation of
STAT proteins is rapid and transient because of
negative regulation by proteins such as sup-
pressors of cytokine signaling (SOCS) and PIAS
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[11]. Although the PIAS proteins were identified
to impact on the function of a number of pro-
teins, the major process on which all these pro-
teins act was the control of gene transcription.
Thus, PIAS proteins should be considered to be
transcriptional co-regulators. The other major
functional part of PIAS proteins was reported to
be the SP-RING domain, which was associated
with the zinc-binding RING fingers and was
most similar to the domains identified in a sub-
class of ubiquitin E3 ligases [12]. Theoretically,
these somewhat functionally-redundant pro-
teins are structurally associated with ubiquitin
and are covalently attached to target proteins
by a SUMO-conjugation system consisting of an
E1 activating enzyme (SAE1/SAE2), an E2
ligase (Ubc9) and various E3 ligases with differ-
ing target-protein specificities [13].

Researchers demonstrated that PIAS3 was an
E3 SUMO ligase, which could bind Racl to
induce the SUMO modification within the poly-
basic regions of Racl in response to the stimu-
lation of hepatocyte growth factor (HGF) [14].
Furthermore, PIAS3-mediated SUMO modifica-
tion was also demonstrated to be essential for
Rac1 activation and Racl-mediated lamellipo-
dium extension, cell migration, and invasion.
PIAS3 expression was also identified to be cor-
related with STAT3 activation, and PIAS3 could
control the extent and the duration of STAT3
activity in normal cells. In cancer cells, the
expression of PIAS3 protein was post-transcrip-
tionally suppressed and promoted the onco-
genic effects of STAT3 activation [12]. PIAS3
was the firstly identified as a transcriptional
repressor of STAT3 activation, which could
inhibit transactivation of a STAT3-responsive
reporter gene and could decrease the DNA-
binding activity of STAT3 [12]. Besides, PIAS3
was also considered as an endogenous inhibi-
tor of STAT3 attributing its anti-proliferative
properties [15]. Owing to interference with the
DNA-binding activity of STAT3, PIAS3 was iden-
tified to be a specific inhibitor of STAT3 in sev-
eral human malignant diseases [16]. However,
the role and the regulatory mechanisms of
PIAS3 in GC are unclear.

To date, the molecular mechanism of causing
the disease is still elusive. Finding reliable bio-
marker is important for exploring the molecular
mechanism of GC. However, the levels of some
important proteins cannot be accurately detect-
ed in GC tissue. PIAS3 was identified to affect
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the growth of cancer cells by inhibiting both the
JAK/STAT and PI3-K/Akt signaling pathways or
by regulating its SUMO (small-ubiquitin like
modifiers) ligase activity in GC [17]. In this
study, we showed that PIAS3 mRNA expression
was simultaneously silence in the seven differ-
ent GC cell lines, which was similar to PIAS3
MRNA expression in other human malignant
disease [13]. In view of the results of STAT3
MRNA expression in the seven GC cell lines, we
deduced that the silence of PIAS3 expression
might be a key mechanism to incur the activa-
tion of STAT3 gene for promotion the progres-
sion of GC. With the further investigation, we
demonstrated that PIAS3 mRNA expression
and PIAS3 protein expression in GC tissues
were significantly lower than those in adjacent
non-tumor tissues, respectively. On the other
hand, the immunohistochemical staining res-
ults also showed that PIAS3 protein expression
was much low in GC tissues, compared to that
in adjacent non-tumor tissues. Owing to the
clearly negative association of STAT3 with over-
all survival of GC, we did think that it was obliga-
tory to verify whether the low expression of
PIAS3 in GC was associated with the poor prog-
nosis of GC [4, 6]. With the survival analyses,
we demonstrated that PIAS3 was identified to
be an independent predictor of prognosis of all
GC patients, as was occurrence of lymph node
metastasis. The PIAS3 protein expression was
positively associated with the overall survival of
GC. Therefore, we thought that PIAS3 should be
deemed as a promising biomarker for evalua-
tion the prognosis of GC.

In this study, we originally elucidated that the
low expression of PIAS3 in GC is specific.
Although we performed this study with the
small scale GC samples and the several GC cell
lines, we detected the PIAS3 expression in the
different stratification planes. Future research
should be carried out for elucidation the clearly
molecular mechanisms of low expression of
PIAS3 in GC, which can provide elaborately
functional information about PIAS3 in carcino-
genesis and prognosis.
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