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PTPH1 promotes tumor growth and
metastasis in human glioma
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Abstract. - OBJECTIVE: Glioma is the most
common form of brain tumor, accounting for
over 50% of all primary tumors. Despite progress
in the treatment of glioma, the prognosis is still
poor. In this study, we examined protein-tyrosine
phosphatase H1 (PTPH1) in human gliomas.

MATERIALS AND METHODS: Cell growth po-
tential was measured by CCK-8 assay and
colony formation. Cell cycle distribution was
measured by flow cytometry. Transwell assay
was used to detect the motility of tumor cells.
Real-time PCR and Western blot were used to
measure the mRNA and protein expression of in-
dicated genes. Xenograft model was established
to measure the role of PTPH1 in vivo.

RESULTS: The expression of PTPH1 was sig-
nificantly higher in the tumor tissues as com-
pared with that in the adjacent normal tissues.
Knockdown of PTPH1 significantly slowed cell
proliferation and reduced colony formation abili-
ties in glioma cell lines U87 and U251. Addition-
ally, knockdown of PTPH1 caused cell cycle ar-
rest in the S-phase. Furthermore, depletion of
PTPH1 in glioma U87 cells significantly limited
tumor growth in a xenograft model. Interestingly,
knockdown of PTPH1 also decreased cell migra-
tion abilities in both U87 and U251 cells. Accord-
ingly, matrix metalloproteinase 9 (MMP9) was al-
so decreased upon knockdown of PTPH1 in both
cell lines. Moreover, we found that phosphorylat-
ed MEK (p-MEK) and phosphorylated MAPK (p-
MAPK) were both decreased, whereas the total
levels of MEK and MAPK remained unchanged
after depletion of PTPH1 in both cell lines.

CONCLUSIONS: Our data suggest that PTPH1
may be a novel biomarker that indicates the ag-
gressiveness of gliomas. Targeting PTPH1 might
be a promising strategy for the treatment of
gliomas.
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Introduction

Brain tumors are one of the most lethal threats.
According to the World Health Organization

(WHO) classification, with the exception of
grade I tumors that are considered biologically
“benign” the malignancies of the other grades are
significant. Grade II tumors are low-grade malig-
nancies and are associated with prolonged sur-
vival. Grade III and IV are highly malignant
gliomas that can result in death within few years
or within nine to twelve months, respectively'?.
As the most common form of tumor in the brain,
gliomas account for over 50% of all primary
brain tumors. Despite progress in the treatment
of glioma, the prognosis of this malignancy is
still poor. Grade IV glioma (glioblastoma multi-
forme, GBM), the most frequent form of glioma,
remains a malignancy with a dire prognosis,
mainly due to its resistance to radiotherapy and
chemotherapy. Surgery may save a certain per-
centage of patients, but is largely limited when
the malignancy has infiltrated into surrounding
tissues®. Chemotherapeutic strategies, such as
Temozolomide (TMZ) may prolong the survival
by up to twenty months?*, but most patients die
within two years. Thus, the development of novel
therapeutic strategies for the treatment of refrac-
tory glioma is imperative.

Protein-tyrosine phosphatase H1 (PTPHI) is a
120-kDa protein that belongs to the non-trans-
membrane PTP superfamily’. PTPH1 and several
other members of this family were initially found
in the cytosol and enriched at the plasma mem-
brane in circulating T lymphocytes®. PTPH1
functionally inhibits T cell activation by dephos-
phorylating membrane-associated targets in-
volved in T cell antigen receptor signaling’. In
addition to its role in regulating the immune re-
sponse, PTPH1 is also critically involved in hu-
man tumorigenesis. Genetic analysis shows that
PTPH1 is mutated in colon cancer®. PTPHI de-
phosphorylates and cooperates with p38y mito-
gen-activated protein kinase (MAPK) to promote
Ras oncogenesis through a complex formation’.
Interestingly, p38y MAPK phosphorylates
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PTPHI in regulating Ras protein oncogenesis
and stress response'®. More importantly, the mR-
NA of PTPHI is significantly increased in
esophageal cancer tissues compared with that in
normal mucosa''. PTPHI is also overexpressed
in breast cancer and cooperates with the vitamin
D receptor to promote breast cancer growth'.
PTPHI1 has even been reported to increase the
sensitivity of breast cancer to anti-estrogens by
dephosphorylating the estrogen receptor’3. All
these data suggest that PTPHI1 plays a critical
role in the development and progression of hu-
man tumors.

However, the expression of PTPH1 and the
role it plays in human glioma remain largely un-
known. In view of previous reports, we hypothe-
sized that PTPH1 might be involved in MAPK
signaling and thereby control tumor growth and
metastasis in human glioma. We tested this hy-
pothesis by initially investigating the expression
of PTPH1 in clinical glioma samples. In this
study, the biological activity of PTPH1 was ex-
plored in glioma cell lines and a mouse model of
glioma. Regulation of MAPK-related signals by
PTPH1 was also examined.

Materials and Methods

Human Samples and
Mouse Xenograft Model

This study was approved by the Ethical Com-
mittee of the hospital. Fifteen samples of human
glioma tissue and the adjacent non-cancerous
tissue were collected. All patients provided their
full consent to participate in the study. Twelve
male BALB/c nu/nu mice (six-weeks-old) were
purchased from SLRC Laboratory Animal Co.
(Shanghai, China) and evenly divided into two
groups, Lv-shCon group and Lv-shPTPHI
group. A total of 1.0x10°U87 cells, either stably
expressing scrambled shRNA or specific
shRNA against PTPHI1, were injected subcuta-
neously into the abdomen of each mouse ac-
cordingly. Mice were fed with ad libitum access
to water and food in a sterile laboratory envi-
ronment. The tumor size was measured twice a
week and at the end of the inoculation period,
all mice were handled according to the protocol
approved by the Committee on the Ethics of
Animal Experiments of the hospital. All tumors
were dissected, and sizes and weights were
measured and recorded.
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Cell Culture and Lentivirus Infection

Human glioma cell lines U87 and U251 were
purchased from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA) and cul-
tured in the recommended media supplemented
with 10% fetal bovine serum (FBS, Gibco,
Grand Island, NY, USA). The shRNA sequence
targeting the human PTPH1 gene was designed’
and chemically synthesized by GenePharma Co.
(Shanghai, China). For lentivirus infection, cells
were evenly seeded into six-well plates at a con-
centration of 5x10* cells per well and infected
with the lentivirus, with either scrambled
shRNA or PTPHI1-specific shRNA, at a multi-
plicity of infection (MOI) of 100. After 96h of
co-incubation, fluorescence microscopy was
performed to examine the infection efficiency
by calculating the percentage of GFP positive
cells.

RNA Isolation and Real-time PCR

RNA was isolated from both human glioma
cell lines and tissues using Trizol reagent
(TaKaRa, Dalian, China). Total RNA (1 pg) was
reverse transcribed into cDNA with the Prime-
Script RT Master Mix Perfect Real-Time
(TaKaRa). Afterwards, real-time polymerase
chain reaction (RT-PCR) was performed using
the SYBR Premix Ex Taq Kit (TaKaRa) with the
ABI PRISM 7900 Real-Time System. The
primers used were as follows: PTPH1 [Forward:
5'-ATGACCTCCCGGTTACGTGCGTTGGGT-
3" and Reverse: 5'-GCTGGCGTCCTCGGTG-
GAGCCCCCTTTG-3'], GAPDH [Forward: 5'-
GTGGAACATCCGCAAAGAC-3" and Reverse:
5'-AAAGGGTGTAACGCAACTA-3'].

Western Blot Analysis and Antibodies
Total cellular proteins were extracted from
cultured U87 and U251 cells using RIPA buffer
(Thermo Fisher Scientific, Waltham, MA, USA)
supplied with protease inhibitor (PI, Beyotime
Biotechnology, Nanjing, China) following the
manufacturer’s instructions. Protein concentra-
tion was determined by the Bradford method
(Bio-Rad Laboratories, Hercules, CA, USA),
with bovine serum albumin (BSA) as a standard,
at 570 nm. The protein samples (50 pg per sam-
ple) were loaded into each lane on al0% sodium
dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel, and after elec-
trophoresis, the protein was transferred onto a ni-
trocellulose membrane (Millipore, Billerica, MA,
USA). After the membrane had been blocked
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with 5% fat-free milk for 1h at room tempera-
ture, it was incubated with primary antibodies
overnight at 4°C. Next, secondary antibodies
(1:1000 dilution) were added and incubated for
an additional 1h at 37°C. Finally, the signals
were detected using an ECL reagent (Thermo
Fisher Scientific, Waltham, MA, USA). Primary
antibodies against PTPH1, -actin, CDK2, Cyclin
B1, MMP9, MEK, and phosphorylated antibody
against MEK were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibody
against MAPK was obtained from Abcam (Cam-
bridge, MA, USA).

Cell Proliferation Assay

The U87 and U251 cells were diluted into sin-
gle cell suspensions and seeded into 96-well
plates (1 x 10° cells/well) with 100 uL. DMEM
media supplied with 1% FBS, and replaced by
10% FBS medium after 24h incubation. After-
wards, 10 uL of CCKS8 (Dojindo, Kumamoto,
Japan) solution was added to each well on thel*,
2nd) 3rd 4t and 5™ day during the experimental
period. Air bubbles were strictly avoided during
the process. The plates were then incubated for
another 1-4 h at 37°C. The absorbance of each
well was read and compared at 450 nm. The
CCK-8 Kit was purchased from Sigma-Aldrich
(St. Louis, MO, USA).

Colony Formation Assay

U87 and U251 cells, either with PTPH1
knockdown or control, were seeded in a 6-well
culture plate in triplicate at a concentration of
100 cells per well. After incubation for 12 d at
37°C, cells were washed twice with PBS and
stained with crystal violet. The number of
colonies containing 50 cells or more was counted
under a Nikon microscope. The percent of colony
formation efficiency was determined as (number
of colonies/number of cells inoculated) x 100.

Cell Cycle Assay

For cell cycle analysis, U87 and U251 cells,
untreated (control), treated with scrambled
shRNA (Lv-shCon), or specific shRNA against
PTPHI1 (Lv-shPTPH1), were seeded in triplicate
wells. After the incubation period, cells were
trypsinized and fixed in 70% pre-chilled ethanol
for 30 min at 4°C. Cells were then resuspended
in 200 uL PBS containing propidium iodide (50
pg/mL) and RNase A (0.75 mg/mL). Cell cycle
assay was performed using a BD LSR II flow cy-
tometer. Flowing Software 2.5.1 (Turku Centre

for Biotechnology, University of Turku, Finland)
was used for quantifying the percentage of U87
and U251 cells in GO/G1, S, and G2/M phases.

Transwell Assays

U87 or U251 cells (1 x 10%) in 100 uL. DMEM
medium without FBS were seeded on a polycar-
bonate membrane inserted into a Transwell appa-
ratus (Corning, Cambridge, MA, USA). In the
lower chamber, 600 uL. DMEM with 10% FBS
was supplied as the chemoattractant. After the
cells had been incubated for 6 h at 37°C, the
membrane was washed with PBS twice, and cells
on the upper surface were removed with a cotton
swab. Cells adhering to the lower surface were
fixed with methanol, stained with crystal violet
solution for 5 min, and counted under a Nikon
microscope in five predetermined fields (x 200).
All assays were repeated independently at least
three times.

Statistical Analysis

Experiments were performed in triplicate and
repeated at least three separate times. Mean and
standard deviation (SD) were obtained to estab-
lish statistical comparisons. The results were cal-
culated as the mean + the standard derivation
(SD). Student’s t-test was used to evaluate the
significance of each group. Values with p < 0.05
were considered statistically significant.

Results

PTPH1 is Overexpressed in Clinical
Glioma Tissues

We investigated the expression of PTPHI in
glioma using qRT-PCR analysis. Compared to
the adjacent non-cancerous tissues, glioma tis-
sues from 15 patients showed a higher expression
of PTPHI1, approximately 3.5-fold in average
(Figure 1). These data revealed that PTPHI is up-
regulated in human glioma.

Lentivirus-Mediated PTPH1 Knockdown
in Both U87 and U251 Cells

Next, the role of PTPHI in human glioma was
explored. To this end, we constructed U87 and
U251 cell lines that stably expressed the specific
shRNA against PTPH1 to knock down the ex-
pression levels of PTPHI1. Figure 2A shows that
more than 95% of the cells were infected with
the corresponding lentivirus in both cell lines.
Additionally, qRT-PCR and Western blot assays
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suggest that compared to the untreated control

— 101 . group, scrambled shRNA-infected cells showed

g l J no significant difference in both mRNA and pro-

2 8- —I— tein levels of PTPHI1.In contrast, lower PTPH1

g levels were observed in PTPH1-specific ShRNA-

o 6 treated U87 and U251 cells (Figure 2B and 2C).

= These data confirmed that the high infection effi-

°>’ 4- ciency of lentivirus and powerful shRNA inter-

% ference efficiently knocked down the expression
S 2] % —— of PTPHL.

x
0 1 ! Knockdown of PTPH 1 Inhibits Cell

Adjacent Tumor Proliferation in Both U87 and U251 Cells

Next, we investigated the effects of PTPH1 on

Figure 1. PTPHI overexpression in human glioma. qRT- cell viability and proliferation using the MTT as-

PCR analysis of 15 clinical glioma cases as well as their ad-
jacent non-cancerous tissues. Relative mRNA level of
PTPHI1 in the tumor tissues was notably higher than that in

say and the colony formation assay. There was
no notable difference between the three groups in
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Figure 2. Lentivirus-mediated PTPH1 knockdown in both U87 and U251 cells. A, Glioma cell lines U87 and U251 were trans-
fected with control or PTPH1 shRNA, respectively. Observation using fluorescence microscopy indicated high infection efficiency
(more than 95%) for both cell lines. B, qRT-PCR analysis showed that mRNA levels of PTPH1 were remarkable decreased in U87
and U251 cells. **p < 0.01, ***p < 0.001, LV-shPTPH1 vs. LV-shCon. C, Western blot analysis revealed that the expression of
PTPH1 was successfully knocked down in cells treated withPTPH1-specific ShRNA. B-actin was included as an internal control.
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cell viability decreased by 46% and 18% in
PTPH1 shRNA-treated U87 and U251 cells, re-
spectively. The cell viability continued to de-
crease on subsequent days. Notably, by the fifth
day, compared to the control cells, LV-shPTPH1-
treated cells showed only 45% and 76% cell via-
bilities (Figure 3A) for U87 and U251 cells, re-
spectively. Similar results were observed in the
colony formation assay. Figure 3B and 3C
showed that knockdown of PTPH1 in both cell
lines inhibited the number of colonies by 73.5%

and 80.7%, respectively. These results suggest
that PTPH1 increased cell proliferation in both
glioma cell lines.

Knockdown of PTPH1 Caused Cell Cycle
Arrest in S-phase in Glioma Cell Lines

To further explore the specific effects of
PTPHI in glioma, we performed a cell cycle as-
say. Cells untreated or stably expressing scram-
bled shRNA or PTPHI1-specific shRNA were
starved for 24 h before processing. Figure 4A

A us7 U251
ke 6 @
.g 4 -e- Con _g -e- Con
812 -= Lv-shCon K -= Lv-shCon
3101 LvshPTPH1 3 4 Lv-shPTPH1
o 84 o
Qo Q.
2 - £2]
g ] 2
& : e & 0 L
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time(day) Time(day)
B Con Lv-shCon  Lv-shPTPH1
" ‘ ‘
- ' ‘
C U251
400 us7 80
g™ g
S 80 £ 601
© ©
- 60- ‘5 40-
5 40] 5
t ” £ 201 -
2 207 2
0o 0- N
& o
& & D S e &
¢ . & 8/8 & é(g&‘z
v £
v \;‘." O

Figure 3. Knockdown of PTPHI1 inhibited cell proliferation in both U87 and U251 cells. A, MTT assay revealed that the pro-
liferation rate was significantly inhibited on the 3rd day for U87 and U251 cells after PTPH1 was knocked down, and the inhi-
bition increased on subsequent days. B, Colony formation assay showed PTPH1 shRNA infection blocked the formation of
colonies in U87 and U251 cell lines. €, Quantification of colonies indicated that knockdown of PTPH1 inhibited cell prolifera-
tion for both cell lines. *p < 0.05, **p < 0.01, LV-shPTPH1 vs. con.
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Figure 4. Knockdown of PTPH1 caused cell cycle arrest in S phase in glioma cell lines. A, Cell cycle analysis revealed that
knockdown of PTPH1 retained most of the cells in S phase in U87 and U251 cell lines. B, Cell distributions in U87 cells (up-
per panel) and U251 cells (lower panel) after distinct treatments. It was shown that more than 18% U87 cells in G2/M phase
were shifted into S phase, whereas U251 cells in S phase were only increased by 9% in the LV-shPTPH]1-treated groups. C,
Western blot assay revealed that with the knockdown of PTPHI1 expression, the protein levels of CDK2 and cyclin B1 were al-

so significantly decreased in U87 and U251 cells.

and 4B suggest that little difference was ob-
served in the LV-shCon group compared with the
untreated control group. However, in both LV-sh-
PTPH1-infected U87 and U251 cells, knock-
down of PTPHI1 decreased the percentage of
cells in the G2/M phase and increased the pro-
portion of S phase by 18% and 9%, respectively.
The cell cycle transition is controlled strictly by
CDKs and their inhibitors, as well as cyclins'.
Therefore, we also assessed the effects of PTPH1
on CDK2 and cyclin B1. Notably, as shown in
Figure 4C, knockdown of PTPHI significantly
suppressed the expression of CDK2 and cyclin

B1 in both cell lines. These data demonstrated
that PTPH1 promoted cell division, and the effect
was likely due to the increased expression of
CDK2 and cyclin B1.

Knockdown of PTPH1 Suppressed Tumor
Growth in a Mouse Model of Glioma

We next explored the effects of PTPHI1 in vivo
by subcutaneously injecting U87 cells with or
without PTPH1 knockdown. It was shown in Fig-
ure 5A that no notable difference occurred in the
first 16 d after injection between LV-shCon mice
and LV-shPTPH1 ones. However, on the 20" day,
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Figure 5. Knockdown of PTPH1 suppressed tumor growth in a mouse model of glioma. A nude mouse model of glioma was
established, and the tumor volume of each mouse was measured twice a week. A,-B, Generally, mice in the control shRNA-
treated group exhibited a larger tumor size compared with PTPH1 shRNA-treated mice on the 20th day after inoculation. The
difference in tumor size between the two groups became more significant as the time was extended. *p < 0.05, LV-shPTPH1
vs. LV-shCon. C, LV-shPTPHI-treated mice showed lower tumor weights at the end of the experiment than the LV-shCon-

treated mice. **p < 0.01, LV-shPTPH1vs. LV-shCon.

the rate of growth of the tumors in LV-shPTPH1-
injected mice was reduced by 14.3%. The effects
were more prominent at later time points, which
can be observed in Figure 5B. At the end of the
experiment, the mice were sacrificed and the tu-
mors were dissected and weighted. When the ex-
pression of PTPH1 was decreased, the tumor
weight was remarkably lower in LV-shPTPH1-
injected mice (Figure 5C). From these data, we
concluded that PTPH1 promotes tumor growth in
the mouse model.

PTPH1 Promoted Cell Migration and
Invasion In Vitro

Furthermore, we investigated the role of
PTPHI on cell migration in vitro using the tran-
swell assay. Crystal violet staining revealed that
numerous cells migrated to the underside of the
chamber, and there were conspicuous differences
between cells in the control group and the group
treated with shRNA against PTPH1 (Figure 6A).
Quantification of the cells that migrated through
the membrane showed that knockdown of
PTPH1 suppressed the migration of U87 and
U251 cells by 60% and 53%, respectively (Fig-
ure 6B). Matrix metallopeptidase 9 (MMP-9) is a
protein involved in the degradation of collagen

IV and V in the basement membrane and the ex-
tracellular matrix, thus facilitating tumor pro-
gression, including invasion and metastasis'>.
Consequently, we also examined the effect of
PTPHI1 on the expression of MMP-9. Figure 6C
shows that when PTPH1 was knocked down by
lentivirus-mediated shRNA, the protein level of
MMP-9 also decreased in both glioma cell lines.
These data suggested that PTPH1 promoted cell
migration in U87 and U251 cells, which is posi-
tively related to the activity of MMP-9.

Knockdown of PTPH1 Decreased the
Phosphorylation Level of MEK and MAPK

The MAPK/ERK pathway (also known as the
Ras-Raf-MEK-ERK pathway) is a chain of pro-
teins in cells that communicate a signal from a
receptor on the surface of the cell to the DNA in
the nucleus. We investigated the linkage of
PTPHI1 to this signal pathway. As shown in Fig-
ure 7, when PTPH1 was knocked down in both
U87 and U251 cells, the phosphorylation levels
of MEK and MAPK were corresponding de-
creased, while the total protein levels of MEK
and MAPK remained unchanged. These data
suggested that PTPH1 was positively related to
this signal transfer pathway in cells.
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Figure 6. PTPH1 promoted cell migration and invasion in vitro. A-B, Transwell assay revealed that in both U87 and U251
cells, the cell migration ability was suppressed when PTPH1 was knocked down. **p < 0.01, LV-shPTPH1 vs. control. C,
Western blot assay showed that knockdown of PTPH1 decreased the expression of the MMP-9 protein. B-actin was included as
an internal control, which remained unchanged between the three groups.

Figure 7. Knockdown of PTPH1 decreased the phosphoryla-
tion level of MEK and MAPK. Western blot assay revealed
that in LV-shPTPH1-treated U87 and U251 cells, the phospho-
rylation levels of MEK and MAPK were highly suppressed
while the total MEK and MAPK remained unchanged.
GAPDH is included as an internal control.
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Discussion

Glioma, particularly GBM (grade IV glioma),
ranks as one of the deadliest tumors, and is cur-
rently refractory to present therapeutic strate-
gies'®!”. According to population-based investi-
gations, the overall median survival for pa-
tients suffering from GBM is about 15 months,
which represents a poor prognosis'®. The exist-
ing evidence suggests that glioma develops and
progresses through a stepwise accumulation of
mutations and aberrant expressions of genes,
such as p53, epidermal growth factor receptor
(EGFR), and cyclin-dependent kinases
(CDKs)'2!. Hence, in-depth knowledge of the
molecular pathogenesis of glioma is necessary
for developing new therapies for this malig-
nancy.

In the present study, we demonstrated for the
first time that the expression of PTPH1 was sig-
nificantly increased in clinical glioma tissues.
Overexpression of PTPH1 was previously ob-
served in esophageal cancer and breast
cancer'"!2, The high expression level of PTPHI
in human tumors suggests its wide involvement
in human tumors. Furthermore, our data showed
that knockdown of PTPHI1 by lentivirus-deliv-
ered shRNA significantly slowed glioma cancer
cell proliferation and colony formation in vitro.
Tumor growth was also inhibited in vivo in a
mouse model of glioma. Interestingly, we also
found that knockdown of PTPH1 was associated
with significant cell cycle arrest in the S-phase.
CDK2 and cyclin B1, which are critical cell cy-
cle regulators**?*, were suppressed after knock-
down of PTPHI in both U87 cells and U251
cells. Hence, the induction of cell cycle arrest
might be one of the mechanisms by which
PTPHI1 exerts pro-oncogenic effects in glioma
cells. Moreover, it was observed that knockdown
of PTPHI1 significantly decreased cell migration
abilities in both cell lines. Also, MMP-9 was in-
hibited upon depletion of PTPH1. MMP-9 de-
grades type IV and V collagens and thereby pro-
motes tumor invasionprocesses'®. The suppres-
sion of MMP-9 after knockdown of PTPH1 sup-
ported the suggestion that PTPH1 was associated
with glioma invasion. Altogether, it could be con-
cluded that PTPHI stimulated tumor growth and
invasion in glioma.

One interesting finding is that phosphorylation
levels of MEK and MAPK were remarkably de-
creased after knockdown of PTPH1 in U87 cells
and U251 cells. However, the total protein levels

of MEK and MAPK remained unchanged. The
mammalian MAPK signaling pathway consists
of p38, extracellular signal regulated kinase
(ERK), and c-Jun N-terminal kinase (JNK). Each
of these kinases has several isoforms: p38
(MAPK14), p38 (MAPK11), p38y (MAPK12),
and p38 (MAPK13); ERK1 to ERKS; and JNK1
to INK3 (MAPKS to10). Each MAPK signaling
cascade consists of at least three layers: a MAPK
kinase kinase (also known as MAP3K or
MEKK), a MAPK kinase (also known as
MAP2K, or MEK), and a MAPK?*. Upon activa-
tion, phosphorylated MAPK regulates the activi-
ties of several transcription factors. MAPK can
phosphorylate c-myc and MNK, which, in turn,
phosphorylate CREB. MAPK also regulates the
transcription of the c-Fos gene. By altering the
levels and activities of transcription factors,
MAPK activity leads to the altered transcription
of genes that are important for cellular processes
such as cell proliferation, angiogenesis, survival,
and differentiation®*?’.

PTPH1 belongs to the non-transmembrane
PTP superfamily’. PTPH1 and several other
members of this family were initially found in
the cytosol and enriched at the plasma mem-
brane in circulating T lymphocytes®. PTPHI1
functionally inhibits T cell activation by de-
phosphorylating membrane-associated targets
involved in T cell antigen receptor signaling’. A
unique feature of the glutamic acid-containing
loop (E-loop) of the phosphatase domain de-
fined the substrate specificity of PTPN3 toward
fully activated p38y (MAPKI12). The solution
structure revealed the formation of an active-
state complex between p38y and the phos-
phatase domain of PTPN3. The PDZ domain of
PTPN3 stabilized the active-state complex
through an interaction with the PDZ-binding
motif of p38y. This interaction alleviated au-
toinhibition of PTPN3, enabling efficient tyro-
sine dephosphorylation of p38y2:.

The elevated levels of phosphorylated MEK
and MAPK, instead of their total protein levels,
might suggest that PTPH1 regulates MAPK sig-
nal activation and thereby promotes tumor
growth in glioma. In fact, regulatory mechanisms
of MAPK by PTPHI1 in other types of tumors,
such as breast cancer, have been reported®!?. In
these reports, PTPH1 dephosphorylates and co-
operates with p383 MAPK to promote Ras onco-
genesis’. Interestingly, p38y MAPK signals also
phosphorylate PTPHI1 in regulating Ras protein
oncogenesis and stress response. Our data, to-
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gether with these previous reports, collectively
suggest that PTPH]1 exerted its biological activi-
ties possibly by a mechanism dependent on
MAPK signaling. However, further work is re-
quired to elucidate the exact mechanism.

Conclusions

We defined PTPHI as a key mediator of tumor
growth and metastasis in glioma. Knockdown of
PTPHI1 significantly inhibited tumor growth in
vitro and in vivo. Cancer cell migration was also
suppressed in vitro, which was associated with
the aberrant expression of MMP9. All these data
suggest that a molecular target against PTPH1
might be one potential strategy to treat refractory
glioma.

Acknowledgements

This reasch was supported by grants from Department of
Sience and Technology of Shandong Province (Grant No.
BS2011YY063), and Department of Health of Shandong
Province (Grant No. 2011QZ030).

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) Louis DN, OHGAKI H, WiEsTLER OD, CAVENEE WK,
BURGER PC, JOUVET A, SCHEITHAUER BW/, KLEIHUES P.
The 2007 WHO classification of tumours of the
central nervous system. Acta Neuropathol 2007;
114:97-109.

2) STEeG PS, CAMPHAUSEN KA, SMITH QR. Brain metas-
tases as preventive and therapeutic targets. Nat
Rev Cancer 2011; 11: 352-363.

3) ZHu X, MoraLEs FC, AGARWAL NK, DOGRULUK T,
GAGEA M, GEorGEscu MM. Moesin is a glioma pro-
gression marker that induces proliferation and
Whnt/beta-catenin pathway activation via interac-
tion with CD44. Cancer Res 2013; 73: 1142-1155.

4) Heal ME, DisereNs AC, Goruia T, HAmou MF, DE TRri-
BOLET N, WELLER M, Kros JM, HAINFELLNER JA, MA-
SON W, MARIANI L, BROMBERG JE, HAU P MIRIMANOFF
RO, CAIRNCROSS JG, JANZER RC, SturP R. MGMT
gene silencing and benefit from temozolomide in
glioblastoma. N Engl J Med 2005; 352: 997-1003.

5) YanG Q, Tonks NK. Isolation of a cDNA clone en-
coding a human protein-tyrosine phosphatase
with homology to the cytoskeletal-associated pro-
teins band 4.1, ezrin, and talin. Proc Natl Acad
Sci U S A 1991; 88: 5949-5953.

3786

6)

7)

10)

11)

12)

13)

14)

15)

16)
17)

18)

19)

GJORLOFF-WINGREN A, SAXENA M, HAN S, WANG X,
ALONSO A, RENEDO M, OH P WILLIAMS S, SCHNITZER J,
MusTeuNn T. Subcellular localization of intracellular
protein tyrosine phosphatases in T cells. Eur J Im-
munol 2000; 30: 2412-2421.

HAN' S, WiLuiamvs S, MusTeuiN T. Cytoskeletal protein
tyrosine phosphatase PTPH1 reduces T cell anti-
gen receptor signaling. Eur J Immunol 2000; 30:
1318-1325.

WANG Z, SHEN D, PARSONS DW, BARDELLI A, SAGER
J, SzABO S, P1AK J, SiLLIMAN N, PETERS BA, VAN DER
HEUDEN MS, PARMIGIANI G, YAN H, WANG TL, RIG-
GINS G, PoweLL SM, WiLLsoN JK, MARKOWITZ S,
KinzLER KW, VOGELSTEIN B, VELcuLEscu VE. Muta-
tional analysis of the tyrosine phosphatome in
colorectal cancers. Science 2004; 304: 1164-
1166.

Hou SW, ZHi HY, PoHL N, LoescH M, Qi XM, LI RS,
Basir Z, CHEN G. PTPH1 dephosphorylates and
cooperates with p38gamma MAPK to increase
ras oncogenesis through PDZ-mediated interac-
tion. Cancer Res 2010; 70: 2901-2910.

Hou S, SuresH PS, Qi X, Lerp A, MiIRzA SP. CHEN G.
p38gamma Mitogen-activated protein kinase sig-
nals through phosphorylating its phosphatase
PTPH1 in regulating ras protein oncogenesis and
stress response. J Biol Chem 2012; 287: 27895-
27905.

WARABI M, NEMOTO T, OHAsHI K, KITAGAWA M, HI-
ROKAWA K. Expression of protein tyrosine phos-
phatases and its significance in esophageal
cancer. Exp Mol Pathol 2000; 68: 187-195.

ZHI HY, Hou SW, LI RS, BaAsIR Z, XIANG Q, SzABO A,
CHEN G. PTPH1 cooperates with vitamin D recep-
tor to stimulate breast cancer growth through their
mutual stabilization. Oncogene 2011; 30: 1706-
1715.

SUResH PS, Ma S, MiGguaccio A, CHEN G. Protein-ty-
rosine phosphatase H1 increases breast cancer
sensitivity to antiestrogens by dephosphorylating
estrogen receptor at Tyr537. Mol Cancer Ther
2014; 13: 230-238.

BLoowm J, Cross FR. Multiple levels of cyclin speci-
ficity in cell-cycle control. Nat Rev Mol Cell Biol
2007; 8: 149-160.

SHI M, CAao M, SonG J, Liu Q, LI H, MeNG F, PAN Z,
Bal J, ZHENG J. PinX1 inhibits the invasion and
metastasis of human breast cancer via suppress-
ing NF-kappaB/MMP-9 signaling pathway. Mol
Cancer 2015; 14: 66.

Mever MA. Malignant gliomas in adults. N Engl J
Med 2008; 359: 1850, 1850.

WEN PY, KesArl S. Malignant gliomas in adults. N
Engl J Med 2008; 359: 492-507.

WEISENBERGER DJ. Characterizing DNA methylation
alterations from The Cancer Genome Atlas. J Clin
Invest 2014; 124: 17-23.

PARsONS DW, JoONEs S, ZHANG X, LIN JC, LEARY RJ,
ANGENENDT P MANKOO P CARTER H, Siu IM, GALLIA
GL, Ouivi A, McLENDON R, RAsSHEeD BA, KEIR S,
NikoLskavA T, NikoLsky Y, Busam DA, TEKLEAB H, DiAz



PTPH1 promotes tumor growth and metastasis in human glioma

20)

21)

22)

LJ, HARTIGAN J, SMITH DR, STRAUSBERG RL, MARIE SK,
SHINJO SM, YAN H, RiGGINs GJ, BIGNER DD, KARCHIN
R, PApaDOPOULOS N, PARMIGIANI G, VVOGELSTEIN B, VEL-
cuLescu VE, KinzLer KW. An integrated genomic
analysis of human glioblastoma multiforme. Sci-
ence 2008; 321: 1807-1812.

VERHAAK RG, HoADLEY KA, PurboM E, WANG V. Qi
Y, WILKERSON MD, MiLLEr CR, DING L, GoLuB T,
Mesirov JP, ALEXE G, LAWRENCE M, O'KELLY M,
TAMAYO P WEIR BA, GABRIEL S, WINCKLER W, GUPTA
S, JAKKULA L, FEILER HS, HobaGsoN JG, JAMEs CD,
SARKARIA JN, BRENNAN C, KAHN A, SPELLMAN PT,
WiLsoN RK, SPEED TP GrAY JW, MEYERSON M, GETz
G, Perou CM, Haves DN. Integrated genomic
analysis identifies clinically relevant subtypes of
glioblastoma characterized by abnormalities in
PDGFRA, IDH1, EGFR, and NF1. Cancer Cell
2010; 17:98-110.

ZHANG F LI M, Wu X, Hu Y, CAO Y, WANG X, XIANG S,
LI H, JANG L, TAN Z, Lu W, WENG H, SHU Y, GONG
W, WANG X, ZHANG Y, SHI W, DonGg P Gu J, Liu Y.
20(S)-ginsenoside Rg3 promotes senescence
and apoptosis in gallbladder cancer cells via the
p53 pathway. Drug Des Devel Ther 2015; 9: 3969-
3987.

HUANG Y, Sramkoskl RM, JAcoBBERGER JW. The kinet-
ics of G2 and M transitions regulated by B cyclins.
PLoS One 2013; 8: e80861.

23)

24)

25)

26)

27)

28)

Luo K, Deng M, Li'Y, Wu C, Xu Z, YuAN J, Lou Z.
CDK-mediated RNF4 phosphorylation regulates
homologous recombination in S-phase. Nucleic
Acids Res 2015; 43: 5465-5475.

ZHANG F, Liu B, WANG Z, Yu XJ, NI QX, YANG WT,
Mukaba N, Li YY. A novel regulatory mechanism
of Pim-3 kinase stability and its involvement in
pancreatic cancer progression. Mol Cancer Res
2013; 11: 1508-1520.

WANG S, HuanG X, LI'Y, Lao H, ZHANG Y, DONG H,
Xu W, LiJL, L M. RN181 suppresses hepatocellu-
lar carcinoma growth by inhibition of the
ERK/MAPK pathway. Hepatology 2011; 53: 1932-
1942.

GoLLoB JA, WiLtHELm S, CARTER C, KELLEY SL. Role of
Raf kinase in cancer: therapeutic potential of tar-
geting the Raf/MEK/ERK signal transduction
pathway. Semin Oncol 2006; 33: 392-406.

L Y, ZHENG WK, GAo WS, SHEN Y, DING WY. Func-
tion of TGF-beta and p38 MAKP signaling path-
way in osteoblast differentiation from rat adipose-
derived stem cells. Eur Rev Med Pharmacol Sci
2013;17: 1611-1619.

CHEN KE, LIN SY, Wu MJ, HO MR, SANTHANAM A,
CHou CC, MenG TC, WANG AH. Reciprocal al-
losteric regulation of p38gamma and PTPN3 in-
volves a PDZ domain-modulated complex forma-
tion. Sci Signal 2014; 7: a98.



