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Abstract Human hepatocellular carcinoma (HCC) is one of
the most common malignant cancers, whose molecular mech-
anisms is remains largely. PTPN9 has recently been reported
to play a critical role in breast cancer development. However,
the role of PTPN9 in human HCC remains elusive. The pres-
ent study aimed at investigating the potential role of PTPN9 in
HCC. Western blot and immunohistochemistry were used to
examine the expression of PTPN9 protein in HCC and adja-
cent non-tumorous tissues in 45 patients. Furthermore, Cell
Counting Kit-8, flow cytometry and RNA interference exper-
iments were performed to analyze the role of PTPN9 in the
regulation of HCC cell proliferation. We showed that the ex-
pression level of PTPN9 was significantly reduced in HCC,
compared with adjacent non-tumorous tissues. PTPN9 ex-
pression was inversely associated with Tumor size
(P=0.014), serum AFP level (P=0.004) and Ki-67 expres-
sion. Low expression of PTPN9 predicted poor survival in
HCC patients. Moreover, PTPN9 interference assay that

PTPN9 inhibited cell proliferation in HepG2 cells. Cell apo-
ptosis assay revealed that, silencing of PTPN9 expression sig-
nificantly reduced cell apoptosis, compared with control
ShRNA treatment group. Our results suggested that PTPN9
expression was down-regulated in HCC tumor tissues, and
reduced PTPN9 expression was associated with worsened
overall survival in HCC patients. Depletion of PTPN9 inhibits
the apoptosis and promotes the proliferation of HCC cells.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy and the third most deadly cancer type worldwide
[1]. Despite the fact that liver transplantation and surgical
resection are effective therapeutic strategies for early-stage
HCC, the overall survival for patients with advanced HCCs
remains poor because of high frequencies of tumor extrahe-
patic metastasis, invasiveness, frequent intrahepatic spread,
and resistance to chemotherapy [4]. Epidemiologic evidence
suggests various risk factors, including HBVand HCV infec-
tions and metabolic disorders that lead to chronic liver dis-
eases, along with other etiologies such as gender and dietary
aflatoxin, contribute heavily to HCC carcinogenesis [2, 3].
However, the molecular mechanisms underlying HCC patho-
genesis remain largely unclear. Therefore, there is an urgent
need to identify novel molecular targets for early diagnosis
and effective treatment of HCC [5].

Protein-tyrosine phosphatases (PTPs) are a class of en-
zymes that catalyze the dephosphorylation of proteins on
phosphotyrosyl residues [6]. Accumulating evidence has
pointed out that PTPs play important roles in the transduction
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of signaling pathways involved in various cellular processes,
including cell apoptosis and proliferation [7]. For example,
PTPN13/PTPL1 directly binds to and inactivates c-Src to reg-
ulated breast cancer aggressiveness [8]. PTP1B regulates cy-
tokine signaling pathways through dephosphorylating STAT6
and JAK2 [9–11]. Other studies demonstrated that SHP2
[12–14] and PTPN2 [15, 16] modulates cytokine signaling
pathways by dephosphorylating STAT3 in the nucleus. These
studies suggested that PTPs exerted crucial roles in the regu-
lation of distinctive signaling pathways, and consequently
contributed to the development of multiple cancers.

PTPN9 (protein tyrosine phosphatase, nonreceptor type 9),
also termed PTP-MEG2, is a cytoplasmic protein tyrosine
phosphatase that has been reported to play an important role
in promoting intracellular secretary vesicle fusion in hemato-
poietic cells [17]. Studies have demonstrated that PTPN9 con-
trols the expansion of erythroid cells [18] and regulates em-
bryonic development [19]. It has been also found that PTPN9
promoted the dephosphorylation of ErbB2 and EGFR, leading
to impaired activation of STAT5 and STAT3 in breast cancer
cells [20, 21]. Recently, PTPN9 was reported to directly de-
phosphorylate STAT3 at the Tyr705 residue, resulting in re-
sultant inactivation of STAT3 [22]. As such, PTPN9 was re-
portedly dysregulated in various human cancers, including
breast cancer, colorectal cancer and gastric cancer. However,
the role of PTPN9 in human HCC remains unclear.

In the present study, we investigated the biological and
clinical significance of PTPN9 expression in human HCC.
We found that PTPN9 expression was significantly reduced
in human HCC specimens, and the downregulation of PTPN9
contributed to uncontrolled proliferation of HCC cells. Our
findings indicated that PTPN9might serve as a tumor suppres-
sor in hepatocarcinogenesis.

Materials and Methods

Patients and Tissue Samples

In this study, the paraffin-embedded pathologic specimens
from 45 patients with liver cancer were obtained from the
Surgery Department, at the Affiliated Hospital of Nantong
University. All patients undergoing hepatic surgical resection
without postoperative systemic chemotherapy between 2004
and 2005. The cases selected have been examined by experi-
enced pathologists through histological examination of H&E
stained biopsy sections. Clinicopathologic characteristics of
these patients, includingGender, Age, Histological grade,Me-
tastasis, Vein invasion, Tumor size, No. of tumor nodes, Cap-
sular formation, HBsAg, Cirrhosis, and serum AFP level are
presented in Table 1. Their ages range from 21 to 63 years,
with an average age of 42 years. The male: to female ratio was
36:9. Histological grades were classified to well differentiated

(grade I; n=8), moderately differentiated (gradeII; n=35),
and poorly differentiated (grade III; n=2). The follow-up time
was 5 years for 45 patients after surgery ranging from 1 to
80 months .

Immunohistochemistry

The TMA slides were dried overnight at 60 °C, deparaffinized
through graded alcohol, and quenched endogenous peroxi-
dase activity was blocked by 0.3 % hydrogen peroxide for
30 min, and antigen was recovered by boiling for 3 min in
10 mM sodium citrate buffer (pH 6.0). The slides then were
blocked with rabbit normal serum at room temperature for
45 min to reduce nonspecific reaction. Then, the slides were
incubated with rabbit polyclonal anti-human PTPN9 antibody
(1:50 dilution, Santa Cruz Biotechnology, Santa Cruz, CA) for
2 h at room temperature. The slides were sequentially incu-
bated with secondary antibodies (biotin-labeled; Santa Cruz
Biotechnology) and third antibodies (peroxidase-labeled;
Santa Cruz Biotechnology) and stained with DAB. Finally,
the sections were counterstained with hematoxylin, and
dehydrated, and mounted. For the assessment of PTPN9 and
Ki-67, 5 high-power fields in each specimen were randomly
chosen, and at least 500 cells were counted to determine the
Labeling index (LI), which represented the percentage of im-
munostained cells related to the total number of cells [23]. The
scoring of PTPN9 and Ki-67 were carried out both the staining
intensity and the percentage of positively stained tumor cells.
The percent positivity of PTPN9 was scored as follows: 0
(<10 % tumor cells stained); 1 (10–30 % tumor cells stained);
2 (31–50 % tumor cells stained); 3 (51–70 % tumor cells
stained); 4 (>70 % tumor cells stained). The percent positivity
of Ki67 was scored as: 0 (<5 % tumor cells stained); 1 (5–
25 % tumor cells stained); 2 (26–45 % tumor cells stained); 3
(46–60 % tumor cells stained); 4 (>60 % tumor cells stained).
The staining intensity (0 for negative, 1 for weak, 2 for mod-
erate, 3 for strong). The immunostaining score was evaluated
using the percentage positive score × the staining intensity
score, and the immunostaining score ranged from 0 to 12.
For statistical analysis, 0–4 were counted as low expression,
while 5–12 were counted as high expression [24].

Western Blot Analysis

Western blot assay was performed as reported previously [25].
Tissues and cell samples were lysed in RIPA lysis buffer
(50 mM Tris⋅HCl pH 7.5, 150 mM NaCl, 1 % NP-40, 1 %
sodium deoxycholate, 0.1 % SDS, 1 mM EDTA and Com-
plete protease inhibitor cocktail (Roche Diagnostics, Mann-
heim, Germany)), followed by centrifugation at 11, 000g for
30 min at 4 °C to collect the supernatant. An equivalent
amount of total proteins were separated by 10 % SDS-
polyacrylamide gel, and transferred to polyvinylidine
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difluoride filter (PVDF) membranes (Millipore, Bedford,MA,
USA). The membranes were blocked with 5 % low-fat milk in
TBS-T, followed by incubation with the primary antibodies.
Antibodies used in Western blot were as follows: anti-PTPN9
(1:1, 000; Santa Cruz Biotechnology); anti-STAT3 (1:1, 000;
Santa Cruz Biotechnology); anti-pSTAT3 (1:1, 000; Santa
Cruz Biotechnology); anti-Bcl-xL (1:1, 000; Santa Cruz Bio-
technology); anti-cyclin D1 (1:1, 000; Santa Cruz Biotechnol-
ogy); anti-GAPDH (1:1, 000; Sigma). After washing with
TBS-T, horseradish peroxidase (HRP)-conjugated goat anti-
rabbit and anti-mouse IgG were used as the secondary

antibodies (diluted 1:5000 in TBS-T). The membranes were
visualized using an enhanced chemiluminescent (ECL) detec-
tion reaction (NEN Life Science Products, Boston, MA,
USA).

Cell Culture and Cell-Cycle Analysis

HepG2, SK-Hep-1, Hep3B, Huh7, L02 cells were obtained
from Shanghai Cell Bank of Chinese Academy of Sciences
(Shanghai, China) and cultured in DMEM medium supple-
mented with 10 % fetal bovine serum, streptomycin 100 ug/

Table 1 PTPN9 expression and
clinicopathological parameters in
45 HCC Statistical analyses were
performed by Pearson’s x2 test

Parameters Total PTPN9 P Ki67 P

Low
score < 5

High
score ≥ 5

Low
score < 5

High
score ≥ 5

Age (years)

≤45 17 12 5 0.848 7 10 0.384
>45 28 19 9 8 20

Gender

Male 36 27 9 0.111 12 24 1.000
Female 9 4 5 3 6

Histological grade

Well 10 7 3 0.861 6 4 0.006*
Mod 33 23 10 7 26

Poor 2 1 1 2 0

Metastasis

Positive 8 4 4 0.231 1 7 0.236
Negative 37 27 10 14 23

Vein invasion

Presence 12 9 3 0.725 2 10 0.283
Absence 33 22 11 13 20

Tumor size (cm)

≤5 20 10 10 0.014* 3 17 0.020*
>5 25 21 4 12 13

No. of tumor nodes

Single 24 16 8 0.731 9 15 0.526
Multiple
≥2

21 15 6 6 15

Capsular formation

Presence 13 6 7 0.072 5 8 0.732
Absence 32 25 7 10 22

HBsAg

(+) 6 28 11 0.356 13 26 1.000
(−) 3 3 2 4

Cirrhosis

Positive 35 26 9 0.244 10 25 0.263
Negative 10 5 5 5 5

AFP (ng/mL)

≤50 21 10 11 0.004* 3 18 0.011*
>50 24 21 3 12 12

HCC human hepatocellular carcinoma, HBsAg hepatitis B surface antigen, AFP alphafeto protein

*P< 0.05 was considered significant
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mL, penicillin 100 U/mL in 5 % CO2 astrosphere at 37 °C.
Cell-cycle analysis was performed by methods analogous to
those reported previously [26].

Cell Proliferation Assay

The HepG2 cells were transfected with PTPN9 ShRNA or
NC ShRNA, and seeded on 96-well plates at a density of
1000 cells/well in cluster (Corning Inc., Corning, NY,
USA) in 100 uL medium. Cell proliferation was measured
with the Cell Counting Kit-8 (CCK-8) assay kit (Dojindo,
Kumamoto, Japan) in accordance with the manufacturer’s
instrument. Briefly, 10 μL CCK-8 was added into each
well and the cells were incubated with CCK-8 reagent for
1 h at 37 °C. The relative optical density (OD)/well was
determined at a test wavelength of 490 nm and a reference
wavelength of 630 nm on an automated plate reader
(BioTek Instruments, Winooski, VT).

Plasmid Constructs ShRNA and Transfection

The RNAi species for the PTPN9 knockdown were synthe-
sized by Genechem (Shanghai, China). The target sequences
of PTPN9 ShRNAs were as follows: ShRNA1: 5 ′-
ATACTCAGACAGATTACAT-3 ′ ; S hRNA2 : 5 ′ -
TATCAAACTGTGCCTTATT-3 ′ ; S hRNA3 : 5 ′ -
AGGCGTGGAGAACATGAAT-3 ′ ; ShRNA4: 5 ′ -
AAGGAAGGAAGGCATTGTA-3′; The sequence of control
ShRNA is: 5′-UUCUCCGAACGUGUCACGU-3′. Cell
transfection was performed with Super-Fectin (Qiagen, Valen-
cia, CA) according to the manufacturer’s instruction.

Annexin-V/PI Apoptotic Assay

48 h after transfection with PTPN9 or NC ShRNA, the
cells were collected up and washed in ice-cold PBS. There-
after, the cells were resuspended in 100 uL of 1 × binding
buffer, and incubated with Annexin V-FITC (Bestbio, Chi-
na) at room temperature for 15 min in the dark. Subse-
quently, the cells were incubated with propidium iodide
and 1 μg/ml RNase A at room temperature for 5 min in
the dark. Then, the samples were analyzed using a flow
cytometer (Beckman, USA).

Statistical Analysis

Statistical analysis was carried out using the SPSS 16.0
(standard version 16.0; SPSS, Chicago, IL). The correla-
tions among Ki-67and PTPN9 expression and patients
clinicopathologic features were evaluated using the x2

test. The correlation between Ki-67 and PTPN9 expres-
sion were studied using the Spearman rank correlation
test. A Cox proportional-hazards analysis was used in

univariate and multivariate analyses to explore the effects
of PTPN9 expression and HCC clinicopathological fac-
tors on survival. Differences were considered to be sta-
tistically significant if the P value from a 2-tailed test
was <0.05.

Results

PTPN9 was Downregulated in HCC Specimens

The expression profile of PTPN9 in eight paired adjacent non-
tumorous tissues and HCC biopsy samples was first deter-
mined. PTPN9 was significantly downregulated in tumor
samples, compared with the adjacent non-tumorous tissues
(Fig. 1a, b). We next examined the expression of PTPN9 pro-
tein in a panel of 4 HCC cell lines and L02 normal liver cells.
In this way, we found that PTPN9 protein was highly
expressed in L02 cells, compared with HCC cell lines
(Fig. 1c, d). These findings suggested that the expression of
PTPN9 was decreased in HCC specimens and cell lines.

Immunohistochemical Analysis of PTPN9 Expression
in HCC Clinical Samples and Its Relationship
to Clinicopathological Parameters

Next, we investigated the correlation between PTPN9 ex-
pression and clinicopathological parameters in HCC pa-
tients. Immunohistochemical analysis of PTPN9 expres-
sion was carried out on a tissue microarray containing 45
HCC samples. PTPN9 and Ki-67 expression in HCC was
scored as low expression (<5), and high expression (≥5)
(Fig. 2). PTPN9 expression in HCC was scored as positive
when the immunoreactivity was found in the cytoplasm.
The percentage of PTPN9 positive cells ranged from 6.39
to 80.39 % in HCC samples. The mean percentage of pos-
itive cells was 43.39 %. Ki-67 expression in HCC was
scored as positive when displaying strong nuclear staining.
The percentage of Ki-67 positive cells ranged from 2.29 to
62. 29 %. The mean percentage of Ki-67 positive cells was
32.29 %.

The relationship between PTPN9 expression and clini-
copathologic parameters was further analyzed. The clini-
copathologic data of these HCC cases were summarized
in Table 1. We evaluated the association between PTPN9
expression and clinicopathological variables. PTPN9 ex-
pression was significantly correlated with Tumor size
(P= 0.014), and serum AFP level (P= 0.004). However,
there was no statistical association between PTPN9 ex-
pression and the remaining clinicopathologic parameters,
such as Age, Histological grade, Vein invasion, No. of
tumor nodes, Capsular formation, HBsAg, Cirrhosis, Me-
tastasis, and Gender (P > 0.05). Furthermore, in most
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specimens, it was found that tumors with high expression
of PTPN9 exhibited low levels of Ki-67. A negative

correlation between PTPN9 and Ki-67 expression was
identified (P< 0.01; Fig. 3).

Fig. 2 Immunohistochemical
analysis of PTPN9 and Ki-67
expression. a The representative
image of HCC specimen with low
PTPN9 expression. b The
representative image of HCC
specimen with high PTPN9
expression. c The image showed
HCC specimen that exhibited low
Ki-67 expression. d The image
showed HCC specimen that
exhibited high Ki-67 expression
(SP× 200)

Fig. 1 PTPN9 is downregulated
in HCC specimens, compared
with paired adjacent non-
tumorous tissues. a Western blot
analysis of 8 representative paired
samples of HCC tissues (T) and
adjacent non-tumorous tissues
(N) using an anti-PTPN9
antibody. GAPDH was used as a
control for protein load and
integrity. b The bar chart
demonstrates the ratio of PTPN9
protein to GAPDH by
densitometry. Results are
presented as mean ± SD from
three independent experiments
(*P< 0.05). c The PTPN9 protein
expression was lowly expressed
in the human hepatocellular
carcinoma cell lines, compared
with the non-tumorous liver cell
line L02. d The bar chart indicates
the relative expression of PTPN9
to GAPDH in the cell lines
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Low PTPN9 Expression was Associated with Damal
Prognosis in HCC Patients

The prognostic value of PTPN9 was investigated by compar-
ing patients with high PTPN9 expression and those with low
PTPN9 expression. According to the Kaplan–Meier survival
analysis, patients with low PTPN9 expression were likely to
have a significantly worsened overall prognosis. HCC patients
with low level of PTPN9 predicted significantly shortened
overall survival compared with those with high PTPN9 ex-
pression (Fig. 4, P<0.05).

Next, we performed Cox proportional-hazards analysis to
further clarify the prognostic significance of PTPN9 expres-
sion and other clinical pathological parameters in HCC pa-
tients. Using univariate analysis, it was found that PTPN9
and Ki-67 expression exhibited prognostic merits (Table 2).
The prognostic merit of PTPN9 and Ki-67 expression were
further examined using multivariate analysis. Results showed
that PTPN9 was an independent predictor. Thus, PTPN9 ex-
pression would be closely correlated with the overall survival
(P<0.05, Table 2).

PTPN9 was Lowly Expressed in Proliferating HCC Cells

Based on the finding that PTPN9 was associated with tumor
size and Ki-67 expression in HCC, we speculated that PTPN9
might be involved in the regulation of HCC cell growth. As
such, we detected the expression of PTPN9 during cell cycle
progression in HCC cells. HepG2 cells were arrested in G1
phase by serum deprivation for 48 h, released from G1 phase
and reentered into S phase through serum refeeding (Fig. 5a).
As predicted, the expression of cyclin D1, a marker protein of
cell proliferation, was also up-regulated (Fig. 4b). Moreover,
western blot analysis showed that the expression of PTPN9
was down- regulated after serum refeeding. These results in-
dicated that PTPN9 was down-regulated during HCC cell cy-
cle progression.

PTPN9 Inhibits Cell Proliferation in HCC Cell Lines

To further investigate the potential involvement of PTPN9 in
HCC cell proliferation, ShRNAwere employed to knockdown
PTPN9 expression in HepG2 cells. HepG2 cells were tran-
siently transfected with control ShRNA or four different
PTPN9-ShRNA. 48 h after transfection, the knockdown effi-
ciencies of the ShRNA were determined using western blot
analysis. PTPN9 ShRNA4 exhibited the best knockdown ef-
ficiency among the four different PTPN9 ShRNA (Fig. 6a).
Therefore, PTPN9 ShRNA4 was used for subsequent experi-
ments. To assess the impact of PTPN9 depletion on cell pro-
liferation, PTPN9-ShRNA4 and control ShRNA were
transfected into HepG2 cells. Westernblotgand CCK-8 assays
were conducted to analyze the influence of PTPN9 interfer-
ence on HCC cell proliferation. CCK-8 assay showed that
interference of PTPN9 resulted in significantly increased cell
proliferation in HepG2 cells, compared with control ShRNA
(Fig. 6b). In addition, it was found that PTPN9 knockdown
also led to up-regulated level of p-STAT3, cyclin D1 and Bcl-
xL in HepG2 cells (Fig. 6c). To determine whether the cell-
cycle distribution was following after depletion of PTPN9 in
HCC cells, flow cytometrical analysis was performed and
found that HepG2 cells showed an apparently elevated popu-
lation of cells in S phase, whereas cells in G1 phase was
markedly reduced after the transfection of PTPN9 ShRNA
(Fig. 6d). These results highlighted the importance of PTPN9
in regulating HCC cell proliferation.

Suppression of PTPN9 Inhibits Apoptosis via
Dephosphorylation of STAT3

Finally, we analyze the role of PTPN9 in the regulation of
apoptotic cell death in HCC cells. HepG2 cells were transient-
ly transfected with control ShRNA or PTPN9 ShRNA4. 48 h
after transfection, annexin-V/PI apoptotic assay revealed that,

Fig. 3 The correlation between Ki-67 and PTPN9 expression in HCC.
Scatterplot of Ki-67 versus PTPN9 with regression line showing a
correlation of them using the Spearman’s correlation coefficient
(P< 0.01)

Fig. 4 Kaplan–Meier survival curves for high PTPN9 expression versus
low PTPN9 expression in 45 patients of HCC showed a significant
separation (P= 0.004, log rank test)
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depletion of PTPN9 significantly reduced spontaneous apo-
ptosis of HepG2 cells, compared with control ShRNA treated
group (Fig. 7a). These results suggested that depletion of

PTPN9 decreased the apoptosis of HCC cells. Moreover,
western blot analysis was performed to examine the potential
involvement of PTPN9 inhibition on signaling pathways

Table 2 Univariate and
multivariate analysis of overall
survival in 45 HCC
specimensStatistical analyses
were performed by the Cox test
analysis

Variables Univariate analysis Multivariate analysis

HR 95 % CI P HR 95 % CI P

Age (years) 1.516 0.648–5.548 0.338

Gender 1.613 0.548–4.745 0.385

Histological grade 0.955 0.446–2.042 0.905

Metastasis 1.266 0.472–3.397 0.639

Vein invasion 1.852 0.790–4.338 0.156

Tumor size 1.183 0.529–2.645 0.682

No. of tumor nodes 1.930 0.860–4.332 0.111

Capsular formation 2.158 0.796–5.852 0.131

HBsAg 1.013 0.301–3.409 0.983

Cirrhosis 2.309 0.688–7.749 0.175

Serum AFP level 1.110 0.496–2.483 0.800

PTPN9 0.361 0.133–0.979 0.045* 0.300 0.109–0.823 0.019*

Ki67 4.993 1.483–16.809 0.009* 5.761 1.698–19.541 0.005*

HCC human hepatocellular carcinoma, HR hazard ratio, CI confidence interval, HBsAg hepatitis B surface
antigen, AFP alphafeto protein

*P< 0.05 was considered significant

Fig. 5 The expression of PTPN9 and cell cycle-related molecules in
proliferating HCC cells. a Flow cytometry quantitation of cell cycle
progress in HepG2 cells. Cells were arrested in G1 phase by serum
deprivation for 48 h, then entered into the cell cycle following serum
stimulation for 0, 4, 8, 12, or 24 h. Following serum refeeding, a
significant proportion of cells entered into S phase. b Cells were serum-
starved for 48 h in HepG2, and then subjected to serum refeeding for the

indicated period of time. Cell lysates were prepared and subjected to
Western blot analysis. GAPDH was used as a control for protein load
and integrity. c The bar chart demonstrates the ratio of PTPN9, cyclin D1,
protein to GAPDH for each time point by densitometry. Results are
presented as mean ± SD from three independent experiments (#, *
P< 0.05, compared with control: 0 h). R serum relea
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associated with apoptosis. As shown in Fig. 7b, depletion of
PTPN9 expression led to up-regulation of p-STAT3 (Tyr705).
These results suggested that the regulatory role of PTPN9 in
HCC cell survival viability might involve the dephosphoryla-
tion of STAT3.

Discussion

Despite the fact that major pathological factors leading to
HCC have been clarified, the molecular mechanisms underly-
ing hepatocarcinogenesis remains largely obscure. In the cur-
rent study, we showed that PTPN9 was remarkably downreg-
ulated in HCC specimens. Additionally, we found that PTPN9
expression was inversely correlated with tumor size and Ki-67
expression in HCC tissues. Moreover, univariate and multi-
variate survival analyses demonstrated that PTPN9 expression

could be an independent prognostic factor to predict the sur-
vival of HCC patients. Using HCC cells, we identified that
PTPN9 participated in the regulation of HCC proliferation,
which involves the activity of STAT3 transcription factor.
These findings inferred that PTPN9 downregulation might
be a key determinant in the pathogenesis of HCC.

Increasing evidence indicated that Protein-tyrosine phos-
phatases (PTPs) played important roles in human tumorigen-
esis. Studies have shown that several PTPs, such as PTPN6,
had oncogenic properties, however several other PTPs, in-
cluding PTPN9 had tumor suppressive functions [27, 28].
PTPN9 directly mediates the dephosphorylation of p-STAT
in breast cancer, and negatively regulates STAT3 activity
[22]. However, the role of PTPN9 in human HCC develop-
ment has not yet been documented. In this study, we detected
PTPN9 protein expression in HCC tissue specimens and HCC
cell lines using Western blotting and immunohistochemical

Fig. 6 Interference of PTPN9
promoted the proliferation of
HCC cells. a 48 h after transiently
transfected with PTPN9-ShRNAs
or control ShRNA, the
interference efficiencies of
PTPN9 ShRNAwere examined
using Western blot analysis. The
bar chart indicates the ratio of
PTPN9 protein to GAPDH by
densitometry. b Cell proliferation
was measured using CCK-8
assay. HepG2 cells that have been
transfected with PTPN9 ShRNA4
exhibited enhanced cell
proliferation. c Western blot
analysis of STAT3, p-STAT3,
cyclin D1, Bcl-xL and in control
and PTPN9-depleted HepG2
cells. d Depletion of PTPN9
resulted in decreased cell
population in G1 phase and
increased proportion of cells in S
phase, in comparison with cells
transfected with control ShRNA
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analyses. We found that PTPN9 was decreased in most prima-
ry HCC tumor tissues. We also found that low expression of
PTPN9 protein was significantly associated with poor patient
survival, compared to the patients with high PTPN9 expres-
sion. In addition, multivariate analysis suggested that PTPN9
protein was an independent prognostic factor for overall sur-
vival. These findings implied that PTPN9 could be a valuable
predictor of the prognosis of patients with HCC.

HCC progression involves complex dynamics in various
cellular signaling pathways, including both oncogenic and
tumor-suppressive pathways [29]. Although the molecular
mechanisms underlying the initiation of many oncogenic
pathways have been intensively investigated, the regulatory
role of signaling pathway termination in cancer development
attracted less attention. STAT3 transcription factor has been
critically implicated in HCC development [30]. Persistent
STAT3 activation has been frequently observed in HCC tis-
sues, while deletion of STAT3 led to the attenuation of HCC
progression [31]. STAT3 mainly regulates the proliferation of
HCC cells via the transcription of various cell cycle regulators,
such as Cyclin D1 [32] and c-Myc [33]. The activation of
STAT3 works through tyrosine phosphorylation by upstream
Janus Kinases, including JAK2 and JAK3 [34]. Serving as a
protein-tyrosine phosphatase, PTPN9 dephosphorylates and
inactivates STAT3 through direct dephosphorylation of
STAT3 at residue Try705 [22]. However, whether PTPN9

played a role in the regulation of STAT3 dephosphorylation
during HCC progression remain unclear. In the current study,
we showed that interference of PTPN9 was associated with
hyperactivation of STAT3, which consequently led to en-
hanced proliferation of HCC cells. Therefore, we speculated
that the downregulation of PTPN9 in HCC specimens might
contribute to persistent activation of STAT3 transcription fac-
tor, and resultant HCC progression. Of great intrigue, we
found that the level of PTPN9 was apparently downregulated
in proliferating HCC cells, whose mechanism remains un-
known. Because the regulation of PTPN9 expression in cancer
cells has been little investigated, the mechanism by which
PTPN9 expression was decreased in serum-refed HCC cells
remains to be elucidated. Some studies have shown that
PTPN9 was regulated by miRNAs in cancer cells. WW Du
et al. reported that miR-24 facilitated breast cancer develop-
ment through targeting PTPN9 and PTPRF [35]. PTPN9 may
also be potentially regulated by miR-126 [36]. In addition,
studies have demonstrated that PTPN9 overexpression re-
duces invasion in the breast cancer [21]. Therefore, whether
the PTPN9 overexpression reduces invasion in HCC will be
an interesting question in future studies.

In conclusion, we demonstrated that the downregulation of
PTPN9 was associated with enhanced proliferation and poor
prognosis in human HCC. Our study suggested that PTPN9 is
a tumor suppressor in HCC carcinogenesis, especially in

Fig. 7 Depletion of PTPN9
inhibits the apoptosis of HepG2
cells. a HepG2 cells were
transfected with PTPN9 ShRNA4
or control ShRNA and cultured in
a humidified incubator. 48 h after
transfection, the cells were
subjected to annexin-V/PI
apoptotic assay. b Cells were
lysed and analyzed using Western
blot assay to determine the level
of phosporylated STAT3 (p-
STAT3). GAPDH was used as a
control for protein load and
integrity (*P< 0.05)
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tumor growth and progression. Our results implicated that
restoring PTPN9 expression may exert beneficial effects in
the treatment of human HCC.
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