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Proteins of the protein tyrosine phosphatase (PTP) family are known to be signaling molecules that regulate a variety of cellular
processes including cell growth, differentiation, and apoptosis. PTPN13 (also known as FAP1, PTPLL, PTPLE, PTPBAS, and PTPIE),
a putative tumor suppressor, is frequently inactivated in lung carcinoma through the loss of either mRNA or protein expression.
However, the molecular mechanisms underlying its dysregulation have not been fully explored. Interleukin-6 (IL-6) mediated
Stat3 activation is viewed as crucial for multiple tumor growth and progression. Here, we demonstrate that PTPNI13 is a direct
transcriptional target of Stat3 in the squamous cell lung carcinoma. Our data show that IL-6 administration or transfection of a
constitutively activated Stat3 in HCC-1588 and SK-MES-1 cells inhibits PTPN13 mRNA transcription. Using luciferase reporter and
ChIP assays, we show that Stat3 binds to the promoter region of PTPN13 and promotes its activity through recruiting HDACS.
Thus, our results suggest a previously unknown Stat3-PTPNI13 molecular network controlling squamous cell lung carcinoma

development.

1. Introduction

The nonreceptor protein tyrosine phosphatase, PTPN13 (also
known as FAP1, PTPL1, PTPLE, PTPBAS, and PTPIE) has
recently been considered as a putative tumor suppressor [1, 2].
For instance, PTPN13 gene mutations have been identified
in colorectal, head and neck, and hepatocellular carcinoma
[3-5]. Besides, reduced PTPNI3 expression in breast cancer
correlates with decreased survival in patients [6]. Moreover,
decreased PTPNI13 expression synergizes with an activated
ErbB2 transmembrane mutation (mNeuNT), which further
enhances tumor progression and invasion in vivo [7]. In lung
carcinoma, PTPNI13 gene is frequently inactivated through
the loss of either mRNA and protein expression or somatic
mutation [8]. Although substantial advances have been
made in understanding the mechanisms that regulate its
expression, the molecular mechanisms by which PTPNI3

is down-regulated in lung carcinomas remain largely unex-
plored.

Recent evidence has demonstrated that aberrant Stat3
signaling by Interlukin-6 (IL-6) in cancer cells is a major
mechanism for tumor initiation, development, progression,
and metastasis [9-11]. Stat3 is a transcription factor that can
promote oncogenesis, and it is commonly activated in various
types of cancer [12, 13]. Therefore, we speculate whether or
not Stat3 activation could regulate PTPN13 expression in
squamous lung carcinoma. Here, we show that mRNA and
protein levels of PTPN13 are markedly reduced in HCC-1588
and SK-MES-1 cells treated with IL-6. We also suggest that
Stat3 activation down-regulates PTPNI13 expression through
recruitment of HDACS. Our findings, thus, link Stat3 signal-
ing directly with the PTPNI3 pathway, which have profound
biological and therapeutic implications for squamous lung
carcinoma.
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FIGURE 1: Down-regulation of PTPN13 by IL-6 treatment. ((a)-(b)) mRNA levels of PTPNI13 were analyzed by real-time PCR in HCC-1588
(a) and SK-MES-1 (b) cells treated with vehicle control (Ctrl) or IL-6 (20 ng/mL). ((c)-(d)) Protein levels of PTPN13 were analyzed by western
blot in HCC-1588 (c) and SK-MES-1 (d) cells treated with vehicle control (Ctrl) or IL-6 (20 ng/mL).

2. Material and Methods

2.1. Cell Culture and Reagents. HCC-1588 and SK-MES-
1 cells were purchased from the American Type Culture
Collection (ATCC, USA) and Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences (CAS,
Shanghai, China), respectively. Cells were cultured in Dul-
becco modified Eagle’s medium supplemented with 10% fetal
calf serum (Gibco, Shanghai, China), 100 IU/mL penicillin
(Gibco) and 100 mg/mL streptomycin (Gibco). IL-6 (Merck,
Beijing, China) was added at a concentration of 20 ng/mL
into cells at 60-80% confluence.

2.2. Transient Transfections and Luciferase Reporter Assays.
Human PTPN13 promoter was cloned into PGL3-basic plas-
mid (Promega, Madison, Wisconsin, USA). All the transient
transfections were performed by Lipofectamine 2000 (Invit-
rogen, Shanghai), according to the manufacturer’s instruc-
tions. The rate of Lip2000, vector was 1:300 (4L:ng). For
luciferase reporter assays, SK-MES-1 cells were seeded in 24-
well plates and cotransfected with 200 ng PTPN13 promoter
plasmids and 400ng Stat3 expression plasmids or empty
vectors (EV). Cells were harvested 36 hr after transfection.
Luciferase activity was measured using the Dual Luciferase
Reporter Assay System (Promega, USA).

2.3. RNA Extraction and Real-Time PCR Analysis. Total
RNAs were extracted from cells by TRIzol reagent, and

reverse transcriptions were performed by Takara RNA PCR
kit (Takara, China) following the manufacturer’s instructions.
In order to quantify the transcripts of the interest genes, real-
time PCR was performed using a SYBR Green Premix Ex Taq
(Takara, Japan) on ABI 7900 (ABI, USA). PCR conditions
included an initial holding period at 95°C for 5 minutes,
followed by a two-step PCR program consisting of 94°C for
5 seconds and 60°C for 30 seconds for 45 cycles. f-actin
was used as a reference gene. The primer sequences were
listed as follows: PTPN13 (Forward: 5'-TTGGAATGACAC-
TGTATTGGGG-3', Reverse: 5'-CCAAGCAGTATGCTG-
TTGAGAT-3'), HDAC5 (Forward: 5'-GGTGTGGTCTAC-
GACACGTTC-3', Reverse: 5-GATCCGCTCGCACTT-
GCTAA-3), B-actin (Forward: 5'-CATGTACGTTGCTAT-
CICAGGC-3', Reverse: 5-CTCCTTAATGTCACGCACGAT
-3).

2.4. Western Blot. Cells were lysed in radioimmunoprecip-
itation (RIPA) buffer containing 50 mM Tris-HCI, 150 mM
NaCl, 5 mM Mgcl,, 2mM EDTA, 1mM NaF, 1% NP40, and
0.1% SDS. Protein extracts were equally loaded on to 10-
12% SDS-PAGE electrophoresed and transferred to nitro
cellulose (NC) membranes (Amersham Bioscience, Buck-
inghamshire, UK). After blocking with 5% nonfat milk in
PBS, the membranes were probed with antibodies followed
by horseradish peroxidase-conjugated secondary antibodies.
The signals were detected by chemiluminescent substrate kit
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FIGURE 2: Down-regulation of PTPN13 by Stat3 overexpression. ((a)-(b)) mRNA levels of PTPN13 were analyzed by real-time PCR in HCC-
1588 (a) and SK-MES-1 (b) cells transfected with empty vector (EV) or constitutive activated Stat3 (CA-Stat3). ((c)-(d)) Protein levels of
PTPNI13 were analyzed by western blot in HCC-1588 (c) and SK-MES-1 (d) cells transfected with empty vector (EV) or constitutive activated

Stat3 (CA-Stat3).

(Millipore Corporation, Billerica, MA). The following anti-
bodies were used: anti-Stat3 (Cell Signaling, Danvers, Mas-
sachusetts, USA), anti-PTPNI3 (Abcam, Cambridge, Mas-
sachusetts, USA), anti-HDAC5 and GAPDH (Santa Cruz,
California, USA). The GAPDH protein content was employed
as a loading control.

2.5. Small Interfering RNA. All small interfering RNAs (siR-
NAs) were chemically synthesized by GenePharma (Shang-
hai, China). The siRNA sequences were as following: Stat3
(5'-CUGAUCACCUUUGAGACCGAGG-3"), HDACS (5'-
CAGCUCCUGUUCGCUGAGUUC-3'). As negative con-
trol, a nonspecific sequence was used: 5'-CGUACGCGG-
AAUACUUCGA-3'. siRNA transfections were conducted
using Lipofectamine 2,000 (Invitrogen) according to the
manufacturer’s instructions. Briefly, cells were seeded into 6-
well plates and transfected with 60nM siRNA oligos with
4 uL Lipofectamine 2000 at 60-80% confluence.

2.6. ChIP Assays. A chromatin immunoprecipitation (ChIP)
assay kit was used (Upstate, USA). In brief, SK-MES-1 cells
were fixed with formaldehyde. DNA was sheared to frag-
ments at 200-1000 bp by several sonications. The chromatin
were incubated and precipitated with antibodies against

human Stat3 (Cellsignaling), HDAC1 (Abcam), HDAC2
(Abcam), HDAC3 (Santa Cruz), HDAC5 (Santa Cruz) or
IgG (Santa Cruz). The primer for real-time PCR covered
the potential Stat3 binding site. The sequences were listed
as following: (Forward: 5-CGACTTACGACGACATTAC-
3', Reverse: 5 -TGACTAGGCATGCAATCGA-3").

2.7, Statistical Analysis. Values were shown as mean + SEM.
Statistical differences were determined by a Student’s ¢ test.
Statistical significance is displayed as *(P < 0.05), **(P <
0.01) or ***(P < 0.001).

3. Results

3.1. Down-Regulation of PTPNI3 by IL-6 Treatment or Stat3
Activation. Firstly, we used Real-time PCR and western blot
to confirm the correlation between Stat3 activity and PTPNI13
expression using two squamous lung carcinoma cells. As
shown in Figures 1(a) and 1(b), IL-6 treatment significantly
reduced PTPN13 mRNA levels in HCC-1588 and SK-MES-
1 cells. Besides, its protein levels were also decreased in
cells treated with IL-6 (Figures 1(c) and 1(d)). Moreover,
overexpression of a constitutively activated Stat3 (Stat3C)
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FIGURE 3: Stat3 knockdown up-regulates PTPN13 expression. ((a)-(b)) HCC-1588 and SK-MES-1 cells were transfected for nonspecific control
(Ctrl) or Stat3 siRNA. Endogenous protein levels of Stat3 were determined. ((c)-(d)) mRNA levels of PTPN13 were analyzed by real-time PCR
in HCC-1588 (c) and SK-MES-1 (d) cells transfected for nonspecific control (Ctrl) or Stat3 siRNA. ((e)-(f)) Protein levels of PTPN13 were
analyzed by western blot in HCC-1588 (e) and SK-MES-1 (f) cells transfected for nonspecific control (Ctrl) or Stat3 siRNA.

[14], also reduced the expression of PTPNI13 in both cells
(Figures 2(a)-2(d)).

3.2. Stat3 Inhibition by siRNA Oligos Increased PTPNI3 Ex-
pression. Next, endogenous Stat3 expression was silenced by
small interfering RNA (siRNA) oligos (Figures 3(a) and 3(b)).
As a result, knockdown of Stat3 increased PTPNI3 mRNA
and protein levels in HCC-1588 and SK-MES-1 cells (Figures
3(c)-3(f)). Together, these data suggest that Stat3 could be
an important upstream regulator in the control of PTPNI3
expression in squamous lung carcinoma cells.

3.3. Stat3 Inhibits PTPNI3 Expression through Being Bound
to Its Promoter Region. We next determined whether Stat3
could be a transcriptional regulator of the PTPN13 gene. We
analyzed the promoter of PTPNI13 and identified a Stat3 motif
located at —626 to —618 bp using an online promoter scan-
ning system (http://www.cbil.upenn.edu/cgi-bin/tess/ tess)
(Figure 4(a)). SK-MES-1 cells were then transfected with a
reporter vector encoding luciferase under the control of
the PTPNI13 promoter (WT-Luc). Concurrent expression of
Stat3C with the PTPNI13 reporter construct reduced PTPNI13
promoter activity (Figure 4(b)), which was abrogated by the
mutation of the Stat3 DNA-binding site in the PTPNI3
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FIGURE 4: Stat3 inhibits PTPNI3 expression through being bound to its promoter region. (a) The PTPN13 promoter constructs containing
a potential Stat3 binding motif (—626 to —618) (Wild type: Wt-Luc). Point mutations underlined were induced in the Stat3 motif (Mutant:
Mut-Luc). (b) SK-MES-1 cells were cotransfected with the indicated plasmids for 36 h, and the luciferase activity was measured. (c) Two
antibodies (antilgG and -Stat3) were used in the ChIP assays using SK-MES-1 cells. Cells were incubated with vehicle control (Ctrl) or IL-6
(20 ng/mL) for 2 hr. Cells were then subjected to ChIP analysis and quantified by real-time PCR.

promoter (Mut-Luc). We next carried out chromatin im-
munoprecipitation (ChIP) assays to assess whether Stat3
directly binds the PTPN13 promoter. Indeed, Stat3 protein
could bind the PTPN13 promoter, which was significantly
increased by IL-6 treatment (Figure 4(c)).

3.4. Stat3 Represses PT'PNI3 Expression through Recruitment
of HDAC5. Negative regulation of gene transcription by Stat3
has been partly attributed to the recruitment of corepressors
such as the HDAC family [15]. Indeed, using chromatin
immunoprecipitation assays, we observed that HDACS, but
not HDAC1, HDAC2, or HDAC3 was highly recruited to
the promoter region of PTPNI3 in SK-MES-1 cells treated
with IL-6 (Figure 5(a)). Besides, overexpression of HDAC5
reduced endogenous PTPNI3 mRNA and protein levels
(Figures 5(b) and 5(c)). Consistently, knockdown of HDAC5
using small interfering RNA also increased PTPN13 mRNA
and protein levels (Figures 5(d) and 5(e)), suggesting that
Stat3 recruited nuclear HDACS5 to confer its transcriptional
repression roles. In addition, HDAC5 deficiency attenuated
the repressive roles of IL-6 treatment (Figures 5(f) and 5(g)),
suggesting that HDACS5 is indispensable for the function of
Stat3 to down-regulate PTPN13.

4. Discussion

In the present study, we show that Stat3 regulates PTPNI3
expression in two human squamous lung carcinoma cells.
Activation of Stat3 inhibits PTPN13 expression while Stat3
silencing up-regulates PTPN13 expression. At the molecular
level, we identified a potential Stat3 binding site in the
promoter region of PTPN13 gene. Therefore, for the first time,

our results indicate that Stat3 could be a negative regulator
of PTPNI13 in squamous lung carcinoma. Given that Stat3
signaling is usually activated in cancers, our findings suggest
a potential mechanism for the down-regulation of PTPN13
in lung carcinoma. Besides, it would be interesting to further
investigate whether or not Stat3 could regulate PTPNI3 in
other cancer cells. In addition, we found that Stat3 recruited
HDACS to repress PTPN13 promoter. Indeed, knockdown of
HDACS abolished the inhibitory roles of Stat3, suggesting
that HDACS is required for this regulatory pathway.

The epigenetic control of genes expression by the HDAC
family has been demonstrated to play critical roles in cancer
initiation, progression, and metastasis [16]. HDACS, the
protein encoded by this gene, belongs to the class II histone
deacetylase family [17]. Previous reports have implicated it
as an important epigenetic regulator contributing to devel-
opment, cell differentiation, and apoptosis [18]. HDACS defi-
cient mice have reduced cardiac polypyrimidine tract binding
protein (PTB), protein abundance, and HDACS inhibition in
myocytes which cause a reduction in endogenous expression
of cellular FLICE-like inhibitory protein (cFLIP) and caspase-
dependent cleavage of PTB, suggesting its critical role dur-
ing cardiac muscle development [18]. Besides, HDACS is
required for maintenance of pericentric heterochromatin,
and it controls cell-cycle progression [19]. Specific ablation
of HDAC5 by RNA interference led to profound changes
in the heterochromatin structure and slowed down ongo-
ing replication forks. Besides, HDACS5 depletion resulted
in enhanced sensitivity of DNA to DNA-damaging agents,
suggesting that heterochromatin decondensation induced
by histone HDACS silencing may enhance the efficacy of
cytotoxic agents that act by targeting DNA [19]. Moreover,
recent studies demonstrated that HDACS5 was up-regulated
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FIGURE 5: Stat3 represses PTPN13 expression through the recruitment of HDACS. (a) Antibodies (antilgG and -HDACI, -HDAC2, -HDACS3,
and -HDACS5) were used in the ChIP assays in SK-MES-1 cells. Cells were incubated with vehicle control (Ctrl) or IL-6 (20 ng/mL) for 2 hr.
Cells were then subjected to ChIP analysis and quantified by real-time PCR. ((b)-(c)) mRNA and protein levels of PTPN13 were analyzed by
Real-time PCR and western blot in SK-MES-1 cells transfected with empty vector (EV) or HDACS. ((d)-(e)) SK-MES-1 cells were transfected
for nonspecific control (Ctrl) or HDAC5 siRNA. Endogenous mRNA and protein levels of HDAC5 and PTPNI13 were measured. ((f)-(g))
PTPNI13 expression was analyzed by real-time PCR and western blot in SK-MES-1 cells treated with vehicle control (Ctrl) or IL-6 (20 ng/mL).
Cells were pretransfected with nonspecific control (Ctrl) or HDACS siRNA for 24 hr.
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in several types of cancers, such as acute lymphoblastic
leukemia, medulloblastoma, and breast cancer [20-22]. Con-
sistently, high HDAC5 expression was significantly associated
with poor overall survival, implicating it as a novel marker for
risk stratification and its role in tumor cell growth [20-22].

Notably, several HDACs inhibitors were shown to inhibit
cancer cell proliferation and/or induce apoptosis in vitro and
in vivo [23]. Besides, preclinical studies demonstrated the
efficacy of HDAC inhibitors as anticancer agents, especially
when HDAC inhibitors were used in combination with
other therapies [24]. Therefore, understanding the roles and
mechanisms of HDACs in tumorigenesis will provide the
rationale for the development of specific HDACs inhibitors
as efficient anticancer drugs.

In summary, our results provide new insight into how
Stat3 activation could influence the PTPNI3 expression.
These findings may have implications for developing thera-
peutics for squamous cell lung carcinoma.
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