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Knockdown of protein tyrosine phosphatase receptor U
inhibits growth and motility of gastric cancer cells
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Abstract: Protein tyrosine phosphatase receptor U (PTPRU) has been shown to be a tumor suppressor in colon
cancer by dephosphorylating B-catenin and reducing the activation of B-catenin signaling. Here, we investigate the
expression of PTPRU protein in gastric cancer cell lines, gastric cancer tissues and respective adjacent non-cancer
tissues and find that the 130kDa nuclear-localized PTPRU fragment is the main PTPRU isoform in gastric cancer
cells, whereas the full-length PTPRU is relatively lowly expressed. The level of the 130kDa PTPRU is higher in gastric
cancer tissues than in adjacent non-cancer tissues. Knockdown of endogenous PTPRU in gastric cancer cells us-
ing lentivirus-delivered specific shRNA results in the attenuation of cell growth, migration, invasion and adhesion.
Knockdown of PTPRU also inhibits tyrosine phosphorylation and transcriptional activity of B-catenin as well as levels
of focal adhesion proteins and lysine methylation of histone H3. These results indicate that PTPRU is required for

gastric cancer progression and may serve as a potential therapeutic target.
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Introduction

Gastric cancer is the second most common
cancer type and one of the deadliest epithelial
malignancies, with a 5-year survival rate of
approximate 24% worldwide and high frequen-
cy of occurrence in Eastern Asia [1, 2]. Currently,
surgical resection remains the most important
way to prolong the survival time of gastric can-
cer patients, but nevertheless with a relapse
rate of more than 50%, especially in patients
with lymph node metastasis [2]. Compared
with other more intensively investigated can-
cers, such as breast cancer, colorectal cancer
and glioma, the molecular mechanisms under-
lying gastric cancer progression are largely
unclear so far. Therefore, developing new strat-
egies to complement the shortcoming of the
current therapies is warranted.

Tyrosine phosphorylation as a molecular switch,
is dynamically regulated by protein tyrosine
phosphatase (PTPs) and kinases (PTKs). It
plays an important role in various cellular sig-
nalings that affect growth, differentiation,

adhesion, apoptosis, migration, and invasion
[3-5]. The role of PTKs in cancers is well charac-
terized and their inhibitors have been utilized as
anticancer drugs [6]. Although the role of PTPs
in cancers is not as well studied as that of PTKs,
growing evidence suggests that functional
aberration of PTPs is associated with the pro-
gression of multiple types of human cancers
[7-12]. The PTP superfamily can be divided into
several subfamilies based on the structural
diversity. Among them, the R2B RPTP subfamily
comprises four members, PTPRU, PTPRM,
PTPRT and PTPRK. A myriad of reports indicate
that R2B RPTPs are negative regulators in
tumorigenesis. For example, PTPRK is mutant
in sporadic endocrine pancreatic tumors, glio-
ma, and primary central nervous system lym-
phomas [13-15]. It also negatively regulates the
proliferation and motility of melanoma and
breast cancer cells [12, 16]. The aberrant func-
tion of PTPRM is associated with the progres-
sion of ovarian carcinoma, prostate cancer,
breast cancer and glioma [17-20]. PTPRT is the
most frequently mutated phosphatase gene in
cancers including colon, lung, skin and stomach
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[24, 22]. Similar to other members of the R2B
RPTP subfamily, PTPRU negatively regulates
the growth and migration of colon cancer cell
SW480 [23, 24]. In contrast to the tumor sup-
pressive role of full-length and mutant R2B
RPTPs, some of their proteolytic fragments
contribute to tumorigenesis [20, 25, 26].
Intracellular fragments of PTPRK and PTPRM
generated by furin-initiated proteolytic cleav-
age can translocate to the nucleus and activate
the oncogenic signaling [25, 26]. PTPRM frag-
ments positively regulate the growth and motil-
ity of glioma cells probably in this kind of way
[20, 26]. Together, these findings suggest a
pro-oncogenic role of the proteolytic fragments
of R2B RPTPs.

The expression, function and mechanism of
PTPRU in cancers are not as well characterized
as other R2B RPTPs. In the present study, we
found that the expression of a 130KDa PTPRU
isoform is higher in gastric cancer tissues than
respective adjacent non-cancer tissue. Knoc-
kdown of PTPRU suppresses growth and motil-
ity and B-catenin transcriptional activity of gas-
tric cancer cells. We conclude that endogenous
PTPRU play oncogenic roles in gastric cancer
and may be of clinical value.

Materials and methods
Tissue samples

A total of 24 pairs of gastric cancer (GC) and
their adjacent non-cancer tissues were collect-
ed immediately after surgery from Department
of Gastrointestinal Surgery, Ningbo First
Hospital after surgery and stored at -80°C until
being used. This work was approved by the
Ethics Committee of Ningbo First Hospital.

Cell culture

The human gastric cancer cell lines AGS,
SGC7901, MKN45 and MGC803 were cultured
in RPMI 1640 medium (Corning, Williamsburg,
USA) supplemented with 10% fetal bovine
serum (Life technologies, Grand Island, USA),
100U/ml penicillin, 0.1 mg/ml streptomycin at
37°C in a 5% CO, incubator. These cell lines
were obtained from the cell bank of the Chinese
Academy of Sciences (Shanghai, China).

Western blot

Cells and tissues were collected and lysed on
ice in lysis buffer (20 mM Tris-HCI pH 7.5, 2 mM
EDTA, 1% NP-40, 150 mM NaCl, 1 mg/ml SDS
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and 0.25 mg/ml sodium deoxycholate) supple-
mented with PMSF (Beyotime, Nantong, China),
phosphatase inhibitor (Sangon, Shanghai,
China) and protease inhibitor cocktail (Thermo
Scientific, Waltham, USA), then mixed with load-
ing buffer and boiled. Nuclear and cytoplasmic
protein fractions were prepared using the
nuclear and cytoplasmic protein extraction kit
(Beyotime). Equal amount of proteins were sep-
arated by SDS-PAGE and transferred onto poly-
vinylidenedifluoride membranes (Millipore,
Billerica, USA). Membranes were blocked in 5%
nonfat dry milk or bovine serum albumin in
TBST (Tris-buffer saline with 0.05% Tween-20)
for 1 h, then incubated overnight at 4°C with
antibodies against PTPRU (Sigma-Aldrich, St.
Louis, USA), PTPA (Abcam, Cambridge, UK),
B-catenin, EGFR, FAK (BD Biosciences, San
Jose, USA), c-Myc, Dnmt1, p-ERK1/2 (T202/
Y204), H3K27me2, Histone H3, p-Tyr-102, TCF4
(Cell Signaling Technology, Beverly, USA),
ERK1/2, H3K9me3, paxillin, PYK2 (Bioworld
Technology, Nanjing, China), cyclin B1, cyclin
D1, VE-cadherin (Boster, Wuhan, China) and
GAPDH (Kangchen, Shanghai, China). Corr-
esponding horseradish peroxidase-conjugated
anti-mouse and anti-rabbit secondary antibod-
ies (Cell Signaling Technology, Beverly, USA)
were used. Protein bands were visualized by
photo development using Kodak film. To ana-
lyze the relative levels of PTPRU, band gray-
scales of PTPRU and GAPDH were quantified
using the Adobe Photoshop software and the
ratio of PTPRU to GAPDH was calculated.

Lentivirus-mediated shRNA knockdown

Lentivirus encoding shRNA plasmids (on vector
pLKD-CMV-GFP-U6-shRNA, Neuron Biotech,
Shanghai, China) specifically targeting human
PTPRU and a scrambled shRNA plasmid were
packed by Neuron Biotech. Western blot and
real time PCR were used to validate the knock-
down efficacy and found that the most efficient
shRNA sequence was: CCGGGGAGATGATC-
CGCATTGATCCCTCAGGGATCAATGCGGATCATCT-
CCTTTTTTG. The sequence of the scrabled
shRNA was: CCGGTTCTCCGAACGTGTCACG-
TTTCAAGAGAACGTGACACGTTCGGAGAATTT-
TTTG.

Immunofluorescence
Cell suspension was plated onto sterile glass

coverslips in 6-well plates for 24 h, then fixed
with 4% paraformaldehyde at 4°C for 15 min.
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Cells were incubated in turn with blocking buf-
fer (3% bovine serum albumin and 0.1% Triton
in phosphate-buffered saline) for 1 h, with
PTPRU or PTPA antibody at 4°C overnight, with
biotin labeled secondary antibody (Life tech-
nologies) for 2 h, and with Cy3 labeled avidin
(Life technologies) and Hoechst 33342
(Beyotime) for 2 h. Fluorescent images were
taken using a Nikon eclipse Ti-S inverted
microscope.

Real-time quantitative PCR

Total RNA was extracted using Trizol (Life tech-
nologies), and reverse transcribed using RT
M-MLV (Promega, Beijing, China) with oligo dT.
Quantitative real-time PCR with SYBR Premix
Ex Taq (Takara, Dalian, China) was performed
according to the manufacturer’s protocol. PCR
primers were used as follows: PTPRU, forward,
5-GAGTGAAACTGCACCCGATG-3’, reverse, 5'-TA-
CTCTGAGGGTCAATGCGGA-3’; GAPDH, forward,
5-AAGGTGAAGGTCGGAGTCAAC-3’, reverse, 5-
GGGGTCATTGATGGCAACAATA-3’; Relative quan-
tification of PTPRU expression was determined
by the 24°t method with GAPDH as the endog-
enous control and normalized to the expression
of the Controls [27].

MTT assay

Cells were trypsinized, counted and plated onto
the 96-well plates in 150 pl culture medium at
a density of 1,500 cells/well in quintuplicate
wells. Each day for the next five days, 15 pl MTT
(5 mg/ml) was added to the corresponding well.
After incubating for an additional 4 h at 37°C,
culture medium was replaced with 150 pl
DMSO and optical density was measured at
490 nm in the BioTek synergy 2 microplate
reader.

Colony formation assay

Cells were trypsinized, counted and seeded
onto 6-well plates at a density of 500 cells per
well in triplicate wells. Colonies were fixed with
methanol and stained with 0.5% crystal violet
after two weeks. Colonies were photographed
and counted.

Flow cytometry

Flow cytometry was used for cell cycle distribu-
tion analysis. Cells in the log phase of growth
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were harvested, fixed with 70% (v/v) ethanol
overnight at -20°C, incubated with 50 pg/ml
RNase A (Thermo Scientific) and 50 ug/ml
propidium iodide (Sigma-Aldrich) in PBS for 30
min at 37°C in the dark and filtered by sieves to
get single-cell suspension. Stained nuclei were
analyzed by a FACSCalibur Flow Cytometry with
10,000 gated events/determination. DNA ploi-
dy was analyzed by FlowJo software.

Wound-healing assay

Cells were seeded onto a 6-well plate and
scraped with a 10 pl pipet tip when they grew
into confluent cell monolayer. Culture medium
was replaced with serum free RPMI 1640 to
exclude the factor of proliferation difference.
Photographs were taken right after wounding
and 24 h later. Cell migration distances in 24 h
were measured using Image J software.

Transwell migration and invasion assay

Transwell migration and invasion assay were
performed using the 24-well cell culture inserts
without matrigel and matirgel invasion cham-
bers (8 um pore, BD Bioscience), respectively.
Briefly, 5x10* cells were resuspended in 250 pl
serum-free RPMI 1640 and added into the
inserts. 500 pl RPMI 1640 with 10% FBS was
added to the lower chamber. After allowing cells
to migrate for 4 h or invasion for 22 h, cells on
the upper surface of the membrane were
removed using a cotton swab, and the mem-
branes were fixed with methanol and stained
with crystal violet. The number of migrating or
invading cells was determined by averaging cell
counts from nine random selected 100x fields.

Cell-matrix adhesion assay

To determine the matrix-dependent cell adhe-
sion, 24-well plates was coated with 200 pl of
50 pg/ml matrigel (BD Biosciences) overnight
at 4°C as previously described [28]. Briefly,
500 pl cell suspension (1x10° cells/ml) was
added to the corresponding well and incubated
for 30 min at 37°C. Non-adherent cells were
removed by washing the wells for three times
with D’ Hanks. Adherent cells were fixed with
methanol and stained with crystal violet. The
number of adherent cells was determined by
averaging cell counts from three random select-
ed 100x fields.
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Immunoprecipitation

Cells were lysed on ice in lysis buffer for
Western and IP (Beyotime). Lysates were
adjusted for equal protein concentrations and
incubated with B-catenin antibody overnight at
4°C, and with additional protein G agarose
(Beyotime) for 3 h at 4°C. Precipitates were
washed four times with lysis buffer before SDS-
PAGE loading buffer was added and boiling.

Luciferase reporter assay

Cells were co-transfected with the TOP-FLASH
firefly luciferase reporter plasmid (Gen-
omeditech, Shanghai, China) containing multi-
ple TCF/LEF1 binding sites and the Renilla lucif-
erase plasmid pRL-CMV (Promega) using
Lipofectamine 2000 (Life technologies). A dual
luciferase reporter assay was carried out
according to the manufacturers’ protocol
(Promega). Luciferase activities were measured
using the BioTek synergy 2 microplate reader.
Firefly luciferase activities were normalized to
Renilla luciferase activities. All experiments
were performed in triplicate.

Statistical analysis

Results were expressed as mean + standard
deviation of the mean (SD). Statistical signifi-
cance between groups was measured by
Student’s t test, with statistically significant
defined as *, P < 0.05; **, P < 0.01; ***, P <
0.001.

Results

PTPRU expression in gastric cancer cells and
tissues

We first examined the expression and subcel-
lular localization of PTPRU protein in four
human gastric cancer cell lines MKN45,
SGC7901, MGC803 and AGS. As identified by
an antibody raised against the N-terminal of
PTPRU (residues 28-111), gastric cancer cells
mainly expressed two PTPRU isoforms, a
200kDa isoform (PTPRU-FL) that corresponded
to the full-length PTPRU in molecular weight
and a 130kDa isoform (PTPRU,, ) (Figure 1A).
PTPRU-FL localized to the cytoplasm and mem-
brane while the PTPRU  localized to the nucle-
us of gastric cancer cells (Figure 1B). Thus, we

5753

concentrated on the expression of PTPRU_, in
gastric cancer and adjacent non-cancer tissues
since PTPRU,, was the predominant PTPRU
isoform. Level of PTPRU, ,, was higher in 18 of
24 pairs of gastric cancer tissues than their
adjacent non-cancer tissues and was lower in 6
of 24 pairs (Figure 1C, 1D). These results sug-
gest that PTPRU,,, may be involved in gastric

cancer progression.

To determine whether PTPRU_,  and other
bands detected by the PTPRU antibody are
PTPRU-specific and to carry out functional
study of PTPRU in gastric cancer cells, we
knocked down PTPRU expression in AGS and
SGC7901 cells using a lentivirus-delivered
shRNA specifically targeting human PTPRU
(shPTPRU), whose knockdown efficacy was ver-
ified in previous study [29]. PTPRU,,, and some
other bands were downregulated upon PTPRU
knockdown, as revealed by western blot using
the PTPRU antibody. Another PTPRU antibody
called PTP A, which is raised against residues
850-950 of human PTPRU, detected PTPRU-FL
and a 120kDa isoform (Figure 1E). PTPRU
immunofluorescence is mainly localized to the
nucleus of AGS and SGC7901 cells, which is
consistent with the results of western blot, and
its intensity is decreased upon PTPRU knock-
down (Figure 1F). Real-time quantitative PCR
also showed that PTPRU mRNA was reduced
following PTPRU knockdown (Figure 1G). These
results provide compelling evidence for the
effectiveness of the shPTPRU plasmid and
PTPRU antibodies used in this study.

Knockdown of PTPRU inhibits growth of gastric
cancer cells

Knockdown of endogenous PTPRU impeded
the proliferation and survival of AGS and
SGC7901 cells, as revealed by MTT assay and
colony formation assay (Figure 2A, 2B). To
investigate whether cell cycle arrest contribut-
ed to the growth inhibition, we analyzed the cell
cycle distribution in AGS and SGC7901 cells
using flow cytometry. As expected, knockdown
of PTPRU arrested the cell cycle in GO/G1
phase in AGS and SGC7901 cells and accord-
ingly decreased the cell number in S phase
(Figure 2C). Consistently, protein levels of posi-
tive regulators of cell cycle cyclin D1, cyclin B1
were downregulated in shPTPRU AGS and
SGC7901 cells (Figure 2D). Surprisingly, the
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Figure 1. PTPRU protein expression in gastric cancer tissues and cell lines. (A) Western blot analysis of PTPRU protein expression in four human gastric cancer cell
lines. (B) Distribution of PTPRU isoforms in the cytoplasm and nucleus of four gastrlc cancer cell lines. Abbreviations: C, cytoplasm; N, nucleus. (C, D) PTPRU,,, lev-
els in gastric cancer tissues and respective adjacent non-cancer tissues. Relative grayscales of PTPRU . are indicated below the blots. Abbreviations: A, adjacent
non-cancer tissues; T, gastric cancer tissues. The number of tissue pairs in which tumors express higher levels or lower levels of PTPRU, ,, than adjacent tissues are
shown in (D). (E, F). AGS and SGC7901 were infected by lentiviruses encoding a scrambled shRNA (Control) or shRNA targeting human PTPRU (shPTPRU). PTPRU
protein expression was analyzed by western blot (E) and immunofluorescence (F) using two antibodies against PTPRU (PTPRU and PTPA). Magnification, x200; scale
bar, 50 um. (G) PTPRU mRNA expression in AGS and SGC7901 cells treated as indicated was analyzed by real-time quantitative PCR. ***P < 0.001. GAPDH (A, C,
E and cytoplasmic in B) and Histone H3 (nuclear in B) were used as loading controls. Molecular weights in kDa are indicated on the right-hand side of each blot.
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Figure 2. Kncokdown of PTPRU inhibits growth of gastric cancer cells. (A) AGS and SGC7901 cells expressing scrambled shRNA (Control) or PTPRU shRNA (shPTPRU)
were seeded onto 96-well plates in quintuplicate, and proliferation rates were measured by MTT assay. (B) The colony formation ability of AGS and SGC7901 cells
from each treatment group was measured by colony formation assay. Quantification of colonies in each group is shown on the right panel. (C) The cell cycle distribu-
tion of AGS and SGC7901 cells from each treatment group was analyzed by flow cytometry. The number of cells in GO/G1, S and G2/M phases are shown (n = 3).
(D-F) Levels of various proteins in AGS and SGC7901 cells from each treatment group were assessed by western blot. GAPDH (D, E) and Histone H3 (F) were used
as the loading control. *P < 0.05, **P < 0.01, ***P < 0.001.
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level of p-ERK1/2 was upregulated and levels
of H3K9me3 and H3K4me2 were downregu-
lated in shPTPRU AGS and SGC7901 cells
(Figure 2E, 2F). These results suggest that
knockdown of PTPRU inhibits growth of gastric
cancer cells, which may be regulated by multi-
ple mechanisms.

Knockdown of PTPRU inhibits motility of gas-
tric cancer cells

We further investigated the effect of PTPRU
knockdown on gastric cancer cell motility.
ShPTPRU AGS and SGC7901 cells showed
attenuated migration abilities not only in
wound-healing assay but also in chemoataxis
cell migration assay (Figure 3A-D). PTPRU
knockdown also reduced abilities of cell inva-
sion and adhesion to the extracelluar matrix as
revealed respectively by transwell invasion
assay and cell-matrix adhesion assay (Figure
3E-H). Consistent with these phenotypic chang-
es, levels of cell motility-associated proteins
focal adhesion kinase (FAK), paxillin, proline-
rich tyrosine kinase 2 (PYK2) and VE-cadherin
were downregulated (Figure 3l). These results
indicate that PTPRU knockdown inhibits motili-
ty of gastric cancer cells.

PTPRU regulates tyrosine phosphorylation and
transcriptional activity of B-catenin in gastric
cancer cells

Previous reports indicate that PTPRU-FL colo-
calized with B-catenin at cell junctions, which
cause a significant reduction in the tyrosine
phosphorylation (pY) level and transcriptional
activity of B-catenin [23, 24]. To determine the
effect of PTPRU knockdown on B-catenin sig-
naling, we carried out immunoprecipitation
experiments to detect pY level of B-catenin and
the interaction of B-catenin with one of its
downstream transcription factor TCF4 in AGS
and SGC7901 cells. Both pY level of B-catenin
and B-catenin/TCF4 interaction were dimin-
ished in shPTPRU cells (Figure 4A, 4B).
Consequently, [-catenin/TCF4 interaction-
mediated transcriptional activity of TCF/LEF1
complex was downregulated, which finally
resulted in the expression inhibition of several
target genes of TCF/LEF1 complex, such as
cyclin D1, c-Myc, Dnmtl and EGFR (Figures 2D,
4C, 4D). These results suggest that knockdown
of PTPRU suppresses B-catenin signaling in
gastric cancer cells.
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Discussion

Numerous members of RPTPs family are identi-
fied as tumor suppressors in many cancer
types, and gene mutation, expression down-
regulation and protein modification that impede
their tumor suppressing function are commonly
seem in cancer tissues [11-16]. In this study,
we find that PTPRU,,,, a non-full-length PTPRU
isoform, is highly expressed in gastric cancer
cells and tissues. Endogenous PTPRU is
required for gastric cancer cell growth and
motility.

B-catenin is a dual-functional protein that play
roles in cell-cell adhesion and transcriptional
regulation. pY of B-catenin is related to its dis-
sociation from the adherens junctions, nuclear
accumulation and transcriptional activity [30-
33]. B-catenin internalization is associated with
aggressive phenotypes of gastric cancers, like
lymphatic vessel invasion and lymph node
metastases [34]. Previous reports indicated
that PTPRU-FL directly interacts with B-catenin
and dephosphorylates it, thus improving the
formation of B-catenin/E-cadherin complex at
plasma membrane [23, 24]. Contrary to PTPRU-
FL alone, we find that endogenous PTPRU posi-
tively regulate pY and transcriptional activity of
B-catenin in gastric cancer cells. Postt-
ranslational modification of PTPRU, probably
proteolytic cleavage, may contribute to oppo-
site effects of PTPRU-FL and intracellular
PTPRU on B-catenin signaling. All other mem-
bers of the R2B RPTP subfamily can be cleaved
by proteases and release intracellular domains
to the nucleus. Nuclear import of intracellular
PTPRT helps it better dephosphorylate STAT3
[35]. Intracellular PTPRK promotes transcrip-
tional activity of B-catenin though it still dephos-
phorylates [-catenin like full-length PTPRK
[25]. Therefore, intracellular PTPRK may take
advantage of other mechanism, such as regu-
lating cofactors of B-catenin transcriptional
complex, to accomplish this. Although the func-
tion of intracellular PTPRM has not been char-
acterized, the fact that PTPRM is highly cleaved
in gliomas and its downregulation inhibits glio-
ma cell growth and migration indicates that
intracellular PTPRM is important for tumor pro-
gression [20, 26]. Hence, it is reasonable that
endogenous PTPRU promote growth and motil-
ity of gastirc cancer cells through B-catenin sig-
naling. We postulate that endogenous PTPRU
may indirectly regulate pY of B-catenin through

Int J Clin Exp Pathol 2014;7(9):5750-5761
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Figure 3. Knockdown of PTPRU inhibits migration, invasion and adhesion of gastric cancer cells. (A, B) Confluent monolayers of AGS and SGC7901 cells were
wounded and edges of each wound were imaged right after wounding (O h) and 24 h later. The black dotted line represents the initial wound edge. Cell migration
distances in 24 h were measured using Image J software and shown in (B). (C, D) Transwell chambers without matrigel were used to assess the migratory ability of
AGS and SGC7901 cells. The number of migrating cells, averaged over nine randomly selected fields of view, is quantified in (D). (E, F) Matrigel invasion chambers
were used to assess the invasiveness of AGS and SGC7901 cells. The number of invading cells was counted and averaged over nine randomly selected fields, as
showed in (F). (G, H) Cell-matrix adhesion assay was used to assess the adhesion ability of AGS and SGC7901 cells. The number of adherent cells, averaged over
three random selected fields, is showed in (H). (1) Levels of focal adhesion proteins and VE-cadherin were detected by western blot. GAPDH was used as the loading
control. Magnification, x100 for all pictures; scale bar, 100 um. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. PTPRU regulates tyrosine phosphorylation and transcriptional activity of B-catenin in gastric cancer cells. A,
B. B-catenin was immunoprecipitated (IP) from AGS and SGC7901 cells treated as indicated, and levels of B-catenin,
pY B-catenin and TCF4 were detected by western blot. GAPDH was used as the loading control. C. AGS and SGC7901
cells treated as indicated were co-transfected with TOP-FLASH and pRL-CMV plasmids, and luciferase activity was
measured 24 h after transfection (n = 3). Firefly luciferase activity was normalized to renilla luciferase activity. **P
< 0.01. D. Protein levels of downstream target genes of B-catenin signaling in AGS and SGC7901 cells were detected

by western blot. GAPDH was used as the loading control.

protein modification or expression alteration of
tyrosine kinases of B-catenin, such as Src,
PYK2 or EGFR [33, 36, 37], which requires fur-
ther investigation.

PTPRU knockdown also results in the upregula-
tion of p-ERK1/2 and downregulation of lysine
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methylation of histone H3 and several focal
adhesion proteins. The role of ERK signaling in
growth promotion or inhibition depends on
whether activation is acute or chronic. Acute
activation of ERK stimulates DNA synthesis and
promotes proliferation, whereas chronic activa-
tion causes cell cycle arrest followed by cellular
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differentiation [38, 39]. PTPRM knockdown
upregulates pY of ERK and promotes cancer
cell growth [11]. In this study, however, PTPRU
knockdown-induced p-ERK1/2 may negatively
regulate of cell growth. Aberrant histone modifi-
cation is linked to cancers through the activa-
tion of oncogene expression or inactivation of
tumor suppressing gene expression [40-42]. As
repressive histone modifications, demethyl-
ation of H3K9 and H3K27 upon PTPRU knock-
down may lead to reexpression of tumor sup-
pressing genes and mitigatethe aggressiveness
of gastric cancer cells. Assembly and turnover
of focal adhesions is crucial for cancer cell
motility [43]. Thus, inhibition of focal adhesion
proteins, such as FAK, paxillin and PYK2,
impedes cell motility [44-46]. These findings
implicate that PTPRU-promoted aggressive
behaviors of gastric cancers is mediated by
multiple potential mechanisms.

In conclusion, we show here that PTPRU , is
highly expressed in gastric cancer cells and tis-
sues, whereas the previous demonstrated
tumor suppressor PTPRU-FL is lowly expressed
compared to PTPRU fragments. Most of the
gastric cancer tissues express higher levels of
PTPRU,,, than their adjacent non-cancer tis-
sues. Loss-of-function experiments verified
that endogenous PTPRU is required for growth
and motility of gastirc cancer cells. PTPRU par-
ticipate in the regulation of B-catenin signaling,
ERK signaling and histone modification. Further
studies are required to clarify the formation
mechanism of non-full-length PTPRU isoforms
and fully understand the mechanisms underly-
ing the oncogenic role of PTPRU.
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