JBUON 2015; 20(5): 1258-1266

ISSN: 1107-0625, online ISSN: 2241-6293 « www.jbuon.com

E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Protein tyrosine phosphatase nonreceptor type 12 suppresses
the proliferation of renal cell carcinoma by inhibiting the
activity of the PI3K/mTOR pathway
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Summary

Purpose: To determine the expression and functions of pro-
tein tyrosine phosphatase nonreceptor type 12 (PTPN12)
in renal cell carcinoma (RCC).

Methods: All RCC tissue and corresponding normal kidney
tissue from 116 RCC patients undergoing radical nephrectomy
were examined. PTPN12 expression was detected by immuno-
histochemistry, and PTPN12 mRNA expression by real-time
polymerase chain reaction (RT-PCR). PTPN12 expression was
increased by stable transfection with a pcDEF3 vector contain-
ing full-length cDNA of PTPN12 and was decreased by RNAi
in 4 RCC cell lines. Proliferative analysis of RCC cells was done
using a WST-1 assay and animal xenograft study.

Results: PTPN12 expression in RCC tissue was signifi-

Introduction

RCC is the most frequent malignancy in adult
kidneys and accounts for about 85-95% of kid-
ney cancer cases [1]. Although localized clear cell
renal carcinoma (CCRC) is considered a surgical
disease, 40% of those who present with local-
ized stage will experience metastatic disease [2].
No satisfactory treatment has been established
for metastatic RCC because of its high resistance
to conventional chemotherapy [3,4]. In addition,
the response rates of immunochemical therapies,
such as chemotherapy combined with interfer-
on-a (INF-a) or with interleukin-2 (IL-2) were
2-39% [5,6]. However, strategies for metastatic
RCC have developed dramatically in recent years,
and drugs that inhibit mTOR signaling and vas-

cantly decreased compared with normal kidney tissue, and
was overexpressed in larger tumors, metastasis, and high
pathological grades.

Conclusions: PTPNI12 expression decreases in human
RCC, it is involved in progression and metastasis, and is an
independent prognostic factor in RCC. Restoring PTPN12
activity could be a new therapeutic approach in advanced
RCC.

Key words: carcinoma, clear-cell renal carcinoma, neo-
plasm metastasis, renal cell, tumor suppressor genes, tyros-
ine kinase inhibitor

cular endothelial growth factor receptor tyrosine
kinase inhibitors have become the mainstay for
the management of this disease [7]. Although a
number of genes has been characterised as poten-
tial therapeutic targets and outcome predictors
for RCC [8,9], the molecular mechanisms in the
development and progression of RCC remain dis-
putable.

Protein phosphorylation and dephosphoryla-
tion are controlled by various protein kinases and
phosphatases. The regulation of protein activity
plays an important role in signaling transduction
and tumorigenesis. Protein tyrosine phosphatases
(PTPs) are inhibitors to tyrosine kinase signaling,
although they are reported to play also a role in
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cellular physiology and tumorigenesis [10,11].
PTPs usually serve as crucial proteins in tumor
suppression [12]. Protein tyrosine phosphatase
nonreceptor type 12 (PTPN12) gene is located
in 7q11.23 and is a member of the PTP family
[13]. Currently, decreased expression of PTPN12
has been found in various human malignancies
(e.g. colon cancer, esophageal squamous cell can-
cer) [14,15]. PTPN12 is currently identified as a
tumor suppressor gene and is associated with
tumorigenesis in human breast cancer [16]. An-
other study analyzed the molecular mechanism of
PTPN12 in breast cancer, and the results indicat-
ed that decreased expression of PTPN12 increased
HER2/EGFR activity in breast cancer cells and the
authors concluded that PTPN12 is a potential tu-
mor suppressor gene of this cancer [17].

Several studies also confirmed that PTPN12
is ubiquitously expressed in the cytoplasm and
is reported to suppress various oncogenic tyros-
ine kinases and serves as an important regulator,
showing proto-oncogene activities, to induce cell
adhesion, migration and invasion [18-20]. In addi-
tion, decreased expression of PTPN12 could lead
to the progression of human malignancies (eg,
suppressing PTPN12 expression could prompt
proliferation in colon cancer cells [21] and ovarian
cancer cells) [13]. However, the effect of PTPN12
on the proliferation and prognosis of RCC remains
unclear, and because advanced RCC has a poor
prognosis, the expression of PTPN12 and its role
in RCC should be well-elucidated.

In this study, we examined the expression of
PTPN12 and analyzed its effect on the prolifera-
tion and prognosis in human RCC.

Methods

Patients and experimental samples

Our study included 116 patients with RCC who
underwent radical nephrectomy at the Department
of Urology, Affiliated Hospital of YanBian University
Hospital. Histological cell type of all specimens was
evaluated by an experienced pathologist, and all spec-
imens in this study were confirmed to be conventional
CCRC. The clinical tumor stages were classified accord-
ing to the TNM classification system, and the nucle-
ar grades were evaluated according to the Fuhrman
grading system of malignant tumors. All RCC tissues
and corresponding normal kidney tissues located as far
as possible from the tumor were formalin-fixed, dehy-
drated, and paraffin-embedded. In addition, all tissue
samples were also gathered immediately after surgical
resection and kept in liquid nitrogen until carrying out
mRNA and protein extraction. Our study was approved

by the ethics committee of the Affiliated Hospital of
YanBian University Hospital.

Cell culture

Four RCC cell lines, ACHN, NC 65, Caki-1 and Caki-
2, were used in this study. All RCC cell lines were in-
cubated using a complete medium consisting of RPMI-
1640 medium (Gibco, Glasgow, Scotland, UK), 1%
nonessential amino acids, 10% heat-inactivated fetal
bovine serum, 2 mM L-glutamine, 25 mM HEPES, 100
pg/mL streptomycin or 100 units/mL penicillin. All
RCC cell lines were cultured as a monolayer in a 10-cm
plastic dish and incubated in a humidified atmosphere
at 37°C containing 5% CO..

Immunohistochemistry

Four-pm paraffin slices of RCC and corresponding
normal kidney were deparaffinized with xylene and
then rehydrated with graded alcohol. Endogenous per-
oxidase activity was sufficiently inhibited with 0.3%
hydrogen peroxide for 40 min, and all slices were also
blocked with 10% rabbit serum for 30 min. Subse-
quently, slices were incubated with rabbit polyclonal
antibody of PTPN12 (Abcam, Cambridge, MA) for 3 hrs.
All slices were then washed three times with Tris-buff-
ered saline and incubated with biotinylated anti-rabbit
antibody (DAKO, Glostrup, Denmark) overnight. Deter-
minations of antibody reaction were performed using
a streptavidin-biotin complex, and the results of im-
munohistochemistry were analyzed with a light micro-
scope. The immunostaining of PTPN12 was semiquan-
titatively evaluated for its positive intensity (negative:
-, weak: +; moderate: ++; strong: +++).

Western blot

Protein expression was detected using Western
blot analysis. The procedures were performed accord-
ing to those described elsewhere [21], except that 0.2
mM NazVO,, 50 mM NaF, 1 mM dithiothreitol and 5.7
pg/ml aprotinin were included in the lysis buffer. Pro-
tein concentration was examined by Bradford dye-bind-
ing protein assay (Bio-Rad, Richmond, CA, USA), then
SDS polyacrylamide gel electrophoresis was carried
out according to the manufacturer’s instructions. Both
rabbit polyclonal antibody of PTPN12 and anti-B-ac-
tin monoclonal antibody were purchased from Abcam,
Cambridge, UK. All other antibodies were purchased
from Cell Signaling Technology: PI3K p85 (19H8)/phos-
pho-PI3K p85 (Tyr458) mAb; Akt (11E7)/phospho-Akt
(Ser473) mAb; mTOR (7C10)/phospho-mTOR (Ser2481)
mAb; p70 S6K (49D7)/phospho-p70 S6K (Thr421) Rab-
bit mAb, S6 Ribosomal Protein (5G10)/phospho-S6 Ri-
bosomal Protein (Ser240) mAb. Finally, the immune
complex was detected using an enhanced chemilumi-
niscence system (Amersham, Aylesbury, UK).

RT- and real-time polymerase chain reaction

Total RNA was extracted from RCC and normal
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kidney tissues with the Quick PrepmRNA purification
kit (GE Healthcare, Buckinghamshire, UK). First-strand
cDNA was synthetized using a synthesis kit (Amersh-
am Biosciences, Little Chalfont, UK) for reverse tran-
scription according to the manufacturer’s instructions.
RT-PCR was performed according to the manufacturer’s
instructions, and the PCR products were assessed us-
ing agarose gel electrophoresis. Moreover, RT-PCR was
also carried out using LC FastStart DNA Master

SYBR Green I (Roche, Indianapolis, USA), and the
PCR products were quantified with Light Cycler (Roche,
Indianapolis, USA). The primer sequences of the hu-
man PTPN12 were designed using Primer Premier 5.0.
The primer sequences were sense: 5'- AATACTGCAGC-
CACCGGAA-?’, and antisense: 5-CAACACTGGCTTTG-
GATG-?3’. In addition, GAPDH was used as an internal
control, and the primer sequences were sense: 5’-TCAA-
GAAGGTGGTGAAGCAG-3’, and antisense: 5’-GTGGAG-
GAGTGGGTGTC-3'.

RNAi and transfection

siRNA oligonucleotide sequences for PTPN12
were designed using siDirect software. RCC cells were
seeded in a culture dish and cultured with complete
medium (not containing antibiotics) until the cell con-
fluence reached 60%, then RCC cells were transiently
transfected with siRNA oligonucleotides with lipo-
fectamine 2000 (Invitrogen, CA, USA). After continu-
ous incubation for 2 days, the expression of PTPN12
in RCC cells was detected by Western blot. Moreover,
the human cDNA coding sequence of PTPN12 was also
cloned using RT-PCR from normal kidney tissue as a
substrate, and the PCR products were subcloned into a
pcDEF3 vector. Then 4 RCC cell lines were stably trans-
fected with pcDEF3 vector containing full-length cDNA
of PTPN12 by lipofectamine 2000. Finally, the mono-
clonal RCC cell lines were selected with G418, and the
expression PTPN12 was detected by Western blot.

Proliferation analysis of RCC cells

WST-1 assay was used to investigate the effect of
PTPN12 on the proliferative ability of RCC cells. 5x10°
RCC cells were harvested and seeded into a 96-well mi-
crotiter plate. After continuous incubation for 24, 48,
and 72 hrs, 10 pl WST-1 (Roche, Penzberg, Germany)
were added into each well after incubation, which was
continued for another 3 hrs. Finally, the absorbance of
each well, representing RCC cell count, was detected
by microculture plate reader (Immunoreader, Tokyo,
Japan) at 450 nm.

Animal xenograft experiment

Forty BALB/C nude mice (3-5 weeks old) were
randomly divided into the following two groups: (1)
PTPN12 vector group and (2) a control group receiving
no treatment. A total of 6x10% RCC cells were injected
into the back region of each nude mouse, and then all
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mice were fed for 5 weeks. The volume of each RCC
xenograft was measured once a week. Five weeks later,
all mice were sacrificed under deep anesthesia, and the
final volume of each RCC xenograft was recorded.

Statistics

All statistical calculations in our study were per-
formed with SPSS version 16.0. All calculations were
carried out in triplicate, and the results were presented
as meansstandard deviation. Statistical analysis was
carried out by Student’s t-test, and the x? test was also
used to investigate the correlation between PTPN12
expression and the clinical characteristics. Survival
curves were plotted by Kaplan-Meier analysis and a p
value of 0.05 or less was considered statistically sig-
nificant.

Results

Clinical characteristics of RCC patients

Data from 68 male and 485 female patients
were obtained for this study. The patient age
ranged from 42 to 83 years (median 62), and the
tumor size from 1.2 to 18.4 cm (median 3.9).

From 116 RCC patients, 65 (56%) had stage I
disease, 25 (21.6%) stage II, 15 (12.9%) stage III,
and 11 (9.5%) stage IV. Fifty-two (44.8%) patients
had Fuhrman grade 1 cancer, 36 (31%) grade 2,
and 28 (24.1%) grade 3. Ninety-five (81.9%) pa-
tients had localized RCC, and 21 (18.1%) had
lymph node or distant metastasis. Malignancy
was an incidental finding on routine examination
in 63 (54.3%) patients. Presenting symptoms in-
cluded flank pain (17 patients; 44.7%), hematuria
(9 patients; 7.8%) and palpable mass (5 patients;
4.3%). Laboratory examination revealed elevated
sedimentation rate in 29 (25%) patients, while
anemia, erythrocytosis, and thrombocytopenia
were found in 5, 7, and 6 patients, respectively.
Eighteen patients (15.5%) had one or more con-
current diseases, including urolithiasis, diabetes
mellitus, and angina pectoris at diagnosis. Three
(2.6%) patients had been treated with radical ne-
phrectomy on the other side.

PTPN12 expression in RCC

PTPN12 protein expression in human normal
kidney and RCC tissues was detected by immu-
nohistochemistry. The results indicated that the
expression of PTPN12 in RCC was significantly
decreased compared with that in normal kidney
tissue (Figure 1). PTPN12 expression was detect-
ed in 80/116 (69%) patients with RCC, of which
23.3% had median and strong PTPN12 expres-
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Figure 1. PTPN12 is low-expressed in RCC tissues. Immunohistochemical analysis of two paired renal tissue
samples, indicating high PTPN12 expression in normal kidney tissue obtained from a stage T2NOMO patient

(A) and a stage TINOMO patient (B), and low PTPN12 expression in the corresponding RCC tissues of a stage
T2NOMO patient (C) and a stage TINOMO patient (D).

Table 1. Characteristics of renal cell carcinoma patients and protein tyrosine phosphatase nonreceptor type 12
expression detected by immunohistochemistry and real-time polymerase chain reaction

N PTPN12mRNA p value PTPN12 p value
(mean=SD) - + ++ +++

Renal cell carcinoma 116 2.15+0.26 36 53 18 9
Normal kidney tissue 116 5.42+0.65 <0.05 5 10 59 42 <0.05
Sex

Male 68 2.16+0.29 20 33 10 5

Female 48 2.13+0.28 >0.05 16 20 8 4 >0.05
Age (years)

<60 59 2.18+0.22 19 27 9 4

=00 57 2.12+0.26 >0.05 17 26 9 5 >0.05
Tumor size (cm)

<7 65 2.85+0.31 17 26 15 7

=7 51 1.26+0.19 <0.05 19 27 3 2 <0.05
Histologic grade

Gl 52 2.97+0.32 11 23 11

G2 36 1.67+0.18 13 16

G3 28 1.26+0.14 <0.05 12 14 0 <0.05
Tumor stage

I 65 2.85+0.31 17 26 15 7

11 25 1.54+0.18 9 13 2 1

III 15 1.16+0.14 4 9 1

v 11 0.77+0.11 <0.05 6 6 0 0 <0.05
Local or metastasized

Local 95 2.39+0.29 27 42 17 9

Metastasized 21 1.07+0.17 <0.05 9 11 1 0 <0.05
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Figure 2. The effect of protein tyrosine phosphatase non-receptor type 12 (PTPN12) on the proliferation of
renal cell carcinoma (RCC). pcDEF3 vector of PTPN12 was stably transfected into RCC cell lines, and PTPN12
expression was also decreased using RNAi. All transfections were confirmed by Western blot analysis (A). The
proliferation of RCC cells in vitro was investigated by WST-1 assay (B) and animal xenograft with BALB/C nude
mice (C). All experiments were performed in triplicate, and the error bar represents standard deviation.

sion. However, PTPN12 expression was detect-
ed in 111/116 (95.7%) patients in normal tissue
(p=0.012). In addition, 87.1% of normal renal tis-
sue showed median and strong PTPN12 expres-
sion. Regarding the correlation between PTPN12
expression and clinical characteristics, PTPN12
expression was negatively associated with tumor
size, pathological grade, tumor stage, and tumor
metastasis by x* analysis. No other variable (eg,
seX, age) indicated a significant correlation with
PTPN12 expression (Table 1). PTPN12 expres-
sion in normal kidney and RCC tissues was also
confirmed by RT-PCR, and the relative level of
PTPN12 expression was presented with correc-
tion to the expression of GAPDH. These findings
demonstrated that decreased PTPN12 protein ex-
pression may be involved in the tumorigenesis of
human RCC.

Decreased PTPN12 expression enhances the prolifer-
ation of RCC cells

Expression pcDEF3 vector containing full-
length cDNA for PTPN12 was stably transfected
into RCC cell lines (ACHN, NC 65, Caki-1, and
Caki-2), and PTPN12 expression was also down-
regulated using RNAIi. After transfection, PTPN12
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protein expression was confirmed by Western blot
analysis. PTPN12 expression was significantly in-
creased (p<0.05) by the PTPN12 vector insert and
decreased significantly by RNAi in all RCC cell
lines, respectively (p<0.05) (Figure 2A). The role
of PTPN12 in the proliferation of RCC cells in vitro
was detected by WST-1 assay. The results indicat-
ed that RCC cells with high level of PTPN12 ex-
pression exhibited significantly decreased prolif-
erative activity than untreated RCC cells (p<0.05).
However, RCC cells with low level of PTPN12 ex-
pression had higher proliferative activity (p<0.05)
(Figure 2B). The effect of PTPN12 on the prolif-
eration of RCC cells in vivo was also investigat-
ed by the animal xenograft study with BALB/C
nude mice, and the same results were observed
(Figure 2C). These findings suggest that decreased
PTPN12 activity may be involved in proliferation
in human RCC.

PTPN12 suppresses PI3K/mTOR activity in RCC cells

To clarify how the PI3K/mTOR pathway is as-
sociated with PTPN12-induced antiproliferation
in RCC cells, the phosphorylation of the PI3K/
mTOR pathway was assessed. PTPN12 expression
was increased through transfection with a pcDEF3
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Figure 3. PTPN12 suppresses the activity of the
P13K/mTOR pathway as shown by Western blot.

In two renal cell carcinoma lines, although protein
tyrosine phosphatase non-receptor type 12 (PTPN12)
did not affect the total protein expression of P13K/Akt
and mTOR/p70 S6K/S6/4E-BP1, the increased expres-
sion of PTPN12 suppressed the phosphorylation of
components in the P13/mTOR pathway. However, it
decreased the expression of PTPN12 and enhanced the
phosphorylation of the P13K/mTOR pathway.

vector containing full-length cDNA for PTPN12,
and PTPN12 expression was also downregulat-
ed using RNAIL In two RCC cell lines, although
PTPN12 activity did not affect the protein expres-
sion of PI3K/Akt and mTOR/p70 S6K/S6/4E-BP1,
increased expression of PTPN12 downregulated
significantly the phosphorylation of PI3K/Akt,
mTOR/p70 S6K/S6/4E-BP1 as shown by Western
blot. In contrast, decreased expression of PTPN12
upregulated significantly the phosphorylation of
PI3K/mTOR (Figure 3). These findings suggest
that the PI3K/mTOR pathway could be negatively
regulated by PTPN12 and plays an important role
in PTPN12-induced antiproliferation in RCC cells.
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Figure 4. Kaplan-Meier analysis was performed

to analyse the correlation of protein tyrosine phos-
phatase non receptor type 12 (PTPN12) expression
and survival of patients with renal cell carcinoma
(RCC). Decreased expression of PTPN12 was associ-
ated with poor prognosis in patients with RCC, and
PTPN12 maybe an independent marker for predicting
prognosis of human RCC.

Prognostic significance of PTPN12 expression in RCC

Because a correlation between PTPN12 ex-
pression, clinical stage, and histologic grade in
RCC was shown, we analyzed whether PTPN12
could be regarded as a prognostic factor in human
RCC. Kaplan-Meier analysis was performed to cal-
culate the association of PTPN12 expression and
survival in all RCC patients. The results indicated
that overall survival time was significantly differ-
ent between the high PTPN12 expression group
and the low PTPN12 expression group (Figure 4).
After 6.5 years of follow up, 17/27 (63%) patients
who exhibited high PTPN12 expression on im-
munohistochemistry (++ and +++) were alive and
disease- free, compared with only 24/89 (27%)
patients in whom immunohistochemical stain-
ing demonstrated low PTPN12 expression (- and
+) (p=0.03). These findings indicated that PTPN12
expression may be an independent factor in pre-
dicting prognosis of human RCC.
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Discussion

RCC is the most common malignancy of the
kidney and is insensitive to chemotherapy. No
agents are available to control advanced RCC, and a
novel molecular mechanism and therapeutic target
for treating patients with RCC is still desperately
needed. In recent years, PTPN12 has been regard-
ed as a tumor suppressor gene in tumorigenesis.
In a study, PTPN12 expression was significantly
downregulated in hepatocellular carcinoma (HCC)
tissue than in the normal liver tissue, and was an
independent predictor of shortened cancer-specific
and recurrence-free survival for patients with HCC
[22]. In addition, loss of PTPN12 activity will cause
cell transformation in mammary epithelial cells
and aberrant acinar morphogenesis in breast can-
cer [17]. Decreased expression of PTPN12 was also
observed in breast cancer and was associated with
tumorigenesis and poor prognosis [16]. Although
several studies have indicated that PTPN12 is
an important gene in human tumors, the role of
PTPN12 in human RCC remains unclear; the effect
of PTPN12 activity on the progression and prog-
nosis of RCC needs to be further elucidated. To our
knowledge, this is the first study concerning the
functions of PTPN12 in human RCC. In this study,
we detected the expression of PTPN12 in human
RCC, and our results demonstrated that PTPN12
expression is significantly suppressed in RCC tis-
sues compared with that in normal kidney tissues,
as shown by immunohistochemistry and RT-PCR.
Moreover, PTPN12 expression was significantly
related to tumor size, pathological grade, clinical
stage, and metastasis.

These findings demonstrated that decreased
PTPN12 expression may be involved in the tumor-
igenesis of human RCC. We also further investigat-
ed the effect of PTPN12 on the proliferative ability
of RCC cells and found that decreased expression
of PTPN12 could significantly enhance the prolif-
eration of RCC cells in vitro. Similar results were
also observed in an animal xenograft study with
BALB/C nude mice. In this study, the association
between PTPN12 expression and survival in hu-
man RCC was also investigated by Kaplan- Meier
analysis. The results suggested that decreased ex-
pression of PTPN12 could be a valuable marker for
prediction of poor prognosis of patients with RCC
and that PTPN12 could be used as an independent
prognosticator and guide the follow up schedule
in patients with RCC. These results suggest that
PTPN12 plays a key role in the progression and
prognosis of human RCC.
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Although massive efforts have been carried
out to understand the increasing prevalence of
RCC cases, the mechanism of tumor progression
and metastasis remains obscure. PTPN12 is an im-
portant gene in regulating cell adhesion, motility,
and invasion by suppressing multiple oncogenic
tyrosine kinases [18]. It is well known that promot-
er hypermethylation is an important molecular
mechanism in gene silencing of tumor suppressor
genes; one study reported that hypermethylation
in the promoter CpG region is frequently found and
associated with decreased expression of PTPN12,
so hypermethylation is a potential regulator of
PTPN12 expression [16]. On the other hand, the
molecular mechanism of PTPN12 in malignan-
cy is also unclear. A recent study indicated that
PTPN12 could regulate Rho GTPase activity and
suppress epithelial cell motility in colon cancer
[14]. Another study also suggested that PTPN12
suppresses cell motility through the regulation of
PI3K/AKkt activity in ovarian cancer cells [13]. PI3K
phosphorylates primarily phosphatidylinositol-4,
5- bisphosphate, which could generate phosphati-
dylinositol-3, 4, 5-trisphosphate. Akt is a target
protein of PI3K and phosphorylates downstream
mediators such as Bad, FOXO, MDM?2, GSK3, and
GSK3p to enhance cell survival and proliferation
[23]. Activation of the PI3K-Akt pathway also in-
creases the phosphorylation of mTOR, and p-mTOR
increases the phosphorylation of p70 S6K/S6, 4E-
BP1/elF-4E and facilitates cell proliferation [24].
A study reported that p-mTOR and p-S6 are also
strongly co-expressed in RCC [25]. Furthermore,
the activity of PI3K-Akt-mTOR pathway in RCC is
significantly higher than that in normal kidney tis-
sue [26]. Recently, the inhibitor of mTOR activity
has emerged as a new targeted agent and treat-
ment strategy for advanced RCC [27,28]. Although
the expression of PTPN12 and its functions in RCC
have been analyzed in this study, the underlying
molecular mechanism of PTPN12 in RCC remains
unknown and should be further investigated. Our
results suggest that, although PTPN12 did not al-
ter the protein expression of components in PI3K/
mTOR pathways, PTPN12 decreased the phospho-
rylation of PI3K/Akt, mTOR/p70S6K/S6/4E-BP1 in
RCC cells. These findings suggest that the PI3K/
mTOR pathway is a potential target of PTPN12
and plays an important role in the PTPN12- in-
duced proliferation of RCC cells.

In summary, our study indicated that PTPN12
expression is decreased in human RCC and may
cause progression and metastasis of this disease.
Moreover, it is an intriguing possibility that RCC
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patients with decreased expression of PTPN12
may be vulnerable to development and metasta-
sis of RCC. PTPN12 maybe an independent predic-
tive factor for the RCC prognosis. Our study also
suggested that restoring PTPN12 expression may
prove to be a novel therapeutic strategy for pa-
tients with advanced RCC.
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