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Abstract PinX1 induces apoptosis and suppresses cell
proliferation in some cancer cells, and the expression of
PinX1 is frequently decreased in some cancer and nega-
tively associated with metastasis and prognosis. However,
the precise roles of PinX1 in gliomas have not been stu-
died. In this study, we found that PinX1 obviously reduced
the gliomas cell proliferation through regulating the
expressions of cell cycle-relative molecules to arrest cell at
G1 phase and down-regulating the expression of compo-
nent telomerase reverse transcriptase (h"TERT in human),
which is the hardcore of telomerase. Moreover, PinX1
could suppress the abilities of gliomas cell wound healing,
migration and invasion via suppressing MMP-2 expression
and increasing TIMP-2 expression. In conclusion, our
results suggested that PinX1 may be a potential suppressive
gene in the progression of gliomas.
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Introduction

Gliomas are the most commonly diagnosed malignancies
and contribute to most of the deaths among all the brain
and central nervous system cancers, and in 2014, nearly
22,810 new cases were diagnosed worldwide [1, 2]. As the
most aggressive type of gliomas, glioblastoma multiform
(GBM) is the grade IV histological malignancy according
to the WHO classification [3]. A series of treatments for
GBM, including the tumor resection, radiotherapy, che-
motherapy, as well as inhibiting signaling pathways and
immunotherapy have been employed; however, the sur-
vival of GBM is still less than 12 months [4-6]. The main
cause of death for GBM patients is its rapid proliferation
and distinctly infiltrating to the adjacent normal brain tis-
sues [7], and increased studies have demonstrated that the
progression of gliomas is correlated with the abnormal
gene expressions [3]; therefore, it is urgent for us to search
and discover the effective biomarkers, which are associated
with the disordered cell cycle and invasion of gliomas
cells.

PinX1, a conserved nuclear protein, can directly interact
with the telomerase catalytic component hTERT and in-
hibit telomerase activity [8—10], and the spontaneous in-
cidence of malignant tumors in the PinX1 knockout
heterozygous mice (PinX1 =£) is significantly increased
[11]. These evidences suggest that PinX1 is an endogenous
telomerase inhibitor and a potential tumor suppressor.
Moreover, series of studies about PinX1 in cancers have
demonstrated that the expression of PinX1 in cancer tissues
is frequently down-regulated when compared to the normal
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tissues, and reduced PinX1 expression is associated with
increased tumor cell metastasis and poor prognosis in some
cancers, including gastric cancer [12, 13], prostate cancer
[14] and ovarian cancer [15]. PinX1 over-expression in
some cancer cells induces apoptosis and suppresses cell
proliferation [16, 17]. However, the precise role of PinX1
in gliomas cell is still unclear so far.

In this study, we investigated the association of PinX1
expression with gliomas cell proliferation, migration and
invasion. Simultaneously, we also further studied the
probable mechanisms of PinX1 regulating gliomas cell
proliferation, migration and invasion.

Methods
Cell lines, plasmids and the transient transfections

Human glioblastoma cell lines U87 and U251 were pur-
chased from the Shanghai Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences. Cells were
cultured in DMEM medium supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin and 10 % fetal bovine
serum. The cells were grown at 37 °C in the presence of
5 % CO, in a humidified incubator.

The pEGFP-C3 and pEGFP-C3-PinX1 plasmids were
obtained from Dr. Xiao-Fen Lai (Southern Medical Uni-
versity, Guangzhou, China), and all the constructs were
confirmed before using by DNA sequencing. Then, the
pEGFP-C3-PinX1 and the pEGFP-C3 were transiently
transfected into the U87 and U251 cells using Lipofecta-
mine 2000 transfection reagent (Invitrogen) following the
manufacturer’s protocol.

Western blot and antibodies

Western blot was performed as described before [18]. And
PinX1 (1:200, Novus Biologicals); MMP-2 (1:1000; Cell
Signaling Technology); TIMP-2 (1:200, Santa Cruz); B-
actin (1:1000; Cell Signaling Technology); cyclin D1
(1:1000, Cell Signaling Technology); cyclin E (1:1000,
Cell Signaling Technology); p27 (1:1000, Cell Signaling
Technology); and hTERT (1:1000, Cell Signaling Tech-
nology) were applied as the primary antibodies to the blot
incubation at 4 °C overnight. The signals were detected
with Odyssey Infrared Imaging system (LI-COR).

Cell growth assay
Cell growth was analyzed using a WST-8 Cell Counting
Kit-8 (Beyotime, Nantong, China). The 100-microliter

complete DMEM medium including 5 x 10° U251 and
U87 cells was seeded in 96-well plate and cultured for 1, 2,
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3 and 4 days. At the exact time, ten-microliter cell counting
CCK-8 solution was added to each well and incubated at
37 °C for 1 h. Then, the absorbance at 450 nm was mea-
sured on an ELX-800 spectrometer reader (Bio-Tek In-
struments, Winooski, USA).

Cell cycle analysis

The U87 and U251 cells transfected with pEGFP-C3 and
pEGFP-C3-PinX1 for 36 h were treated with 1 pg/ml
aphidicolin for 12 h, and then the medium was removed.
The cell was rinsed with PBS and then incubated in the
fresh medium containing 50 ng/ml nocodazole for 0, 3 and
6 h. Then, the cells were fixed with 70 % ethanol at 4 °C
overnight and stained with 40 pg/ml propidium iodide in
hypotonic fluorochrome buffer (0.1 % Triton X-100, 0.1 %
sodium citrate and 25 pg/ml RNase A) for 30 min. Sam-
ples were then analyzed using a FACS Canto flow cy-
tometer (BD Biosciences). Cell distribution in the different
phases of the cell cycle was analyzed using ModFit LT3.0
software.

Cell migration and invasion assays

The migration and invasion assays were carried out using a
modified two-chamber plate with a pore size of 8 um. The
transwell filter inserts were coated with or without Matrigel
for the cell migration and invasion assays, respectively.
1 x 10° cells were seeded in serum-free medium in the
upper chamber. After incubation for 24 h at 37 °C, cells in
the upper chamber were carefully removed with a cotton
swab and the cells that had traversed the membrane were
fixed in methanol, stained with crystal violet (0.04 % in
water; 100 pl), and the permeating cells were counted
under the inverted microscope and photographed.

Statistical analysis

All the statistical analyses were performed by STATA
statistical software (version 10.1; StataCorp, College Sta-
tion, TX). The Student’s ¢ test was used to evaluate the
significance, a P value of < 0.05 was deemed statistically
significant, and all tests were two-sided.

Results

Over-expression of PinX1 reduced cell proliferation
in gliomas cells

Accumulated studies have showed that PinX1 over-
expression in some types of cancer cells can suppress
proliferation [16, 17]; however, the precise roles of PinX1
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in gliomas cell proliferation are still not explored. In order
to test the role of PinX1 expression in gliomas cell growth,
we over-expressed PinX1 in U87 and U251 cells (Fig. 1a),
respectively, and then, the CCK-8 assays were used to
detect the gliomas cell proliferation. Our data indicated that
the abilities of cell growth were drastically decreased after
PinX1 over-expression when compared to the respective
controls in these two cell lines (Fig. 1b, ¢, P < 0.05 in
these two cell lines).
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Fig. 1 PinX1 reduced cell proliferation in gliomas cells. a Western
blot was used to test the PinX1 expression levels after gliomas cells
were transfected by GFP-CON and GFP-PinX1 plasmids. b, ¢ The
CCK-8 assays were performed after PinX1 over-expression in U87
and U251 cells. Data were presented as mean + SD, *P < 0.05,
Student’s ¢ test

PinX1 suppressed gliomas cell growth by regulating
cell cycle-relative biomarkers and hTERT in gliomas
cells

Since cell proliferation is tightly controlled by the cell
cycle, we next investigated whether PinX1-reduced cell
proliferation was due to the change of cell cycle. After cells
were incubated in the fresh medium containing 50 ng/ml
nocodazole for 3 and 6 h, the data of flow cytometer
showed that the G1 population was significantly increased
in these two cell lines with PinX1 over-expression when
compared to the corresponding control cells (Fig. 2a—d,
P < 0.05 in these two cell lines). Studies have indicated
that PinX1 controls the expression of hTERT and cyclin-
CDK complexes in the process of suppressing cell growth
[17, 19, 20]. Therefore, Western blot was used to explore
the expressions of hTERT and the cell cycle-relative bio-
markers. Our results showed that PinX1 negatively regu-
lated hTERT, Cyclin D and Cyclin E expression, whereas
positively regulated p27 expression (Fig. 3).

PinX1 decreased cell migration and invasion in gliomas
cells

Previous evidences about cancers have indicated that low
expression of PinX1 is associated with metastasis and poor
prognosis in some cancers [12-15], and the diffusion of
gliomas cells to adjacent tissues is another aggressive
phenotype of gliomas [7]. In this study, we further inves-
tigated the role of PinX1 in gliomas migration and inva-
sion. The results of wound-healing assays showed that
when compared to the corresponding controls, PinX1 over-
expression significantly lowered the speeds of gliomas cell
migration by 19 and 22 % in U87 and U251 cells,
respectively, after 24 h of wound healing (Fig. 4a, b,
P < 0.05 in these two cell lines). The cell transwell assays
were used to go on validating the finding in wound-healing
assay. Our data went on revealing that the average numbers
of migration were decreased by 51 % and 45 % in U87 and
U251 cells with PinX1 over-expression in comparison with
the relative controls, respectively (Fig. 5a, b, P < 0.05 in
these two cell lines), which was accordant with the former
results. Moreover, the results of the cell invasion assays
also showed that the abilities of invasion were reduced by
45 % and 55 % in these two cell lines with PinX1 over-
expression in comparison with their controls (Fig. 5c, d,
P < 0.05 in these two cell lines).

PinX1 regulated the expression of MMP-2 and TIMP-2
to control the gliomas cell migration and invasion

Because MMP-2 can degrade ECM components to make
the cancer cell expanding without resistance, whereas
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Fig. 2 PinX1 arrested cell cycle in gliomas cells. a, ¢ The
representative pictures of cell cycle in U87 and U251 cells with
PinX1 over-expression and controls. b, d The percentages of Gl
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Fig. 3 PinX1 regulated the expressions of hTERT and cell cycle-
relative biomarkers in gliomas cells. The expressions of hTERT,
Cyclin D1, Cyclin E and p27 in U87 and U251 with different PinX1
expression levels were determined by Western blot

TIMP-2 is a specific inhibitor against MMP-2 [21, 22],
MMP-2 and TIMP-2 play important roles in mediating the
cell metastasis. Here, we validated that PinX1 could
regulate the expressions of MMP-2 and TIMP-2 in these
two gliomas cells. Our results demonstrated that when
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population cells were calculated in U87 and U251 cells with the
different PinX1 expression levels. Data were presented as
mean £ SD, *P < 0.05, Student’s ¢ test

compared to the respective corresponding controls,
expression of MMP-2 was vastly down-regulated in U87
and U251 cells after PinX1 over-expression; in contrast,
the expression of TIMP-2 was dramatically up-regulated
in both gliomas cells after PinX1 over-expression,
(Fig. 6).

Discussion

Studies have revealed that the changed expressions of some
oncogenes and tumor suppressor genes are associated with
the aggressive phenotypes and progression of gliomas [3].
The expression of PinX1 is frequently reduced in some
human cancers and negatively associated with the poor
outcome of the cancer patients [13, 15, 16, 23]. Moreover,
the suppressive role of PinX1 in regulating some cancer
cell proliferation via the inhibition of telomerase activity
and cell cycle-relative molecules has been confirmed [17,
20], and one typical malignant feature of gliomas is the
infinite growth [7]. Therefore, in this study, firstly, we in-
vestigated the exact role of PinX1 in gliomas proliferation
and the relevant mechanisms. Our data demonstrated that
over-expression of PinX1 in gliomas cells significantly
decreased the cell proliferation through arresting cell cycle
at G1 phase. Many researchers have reported that cyclin-
CDK complexes, such as cyclin D1 and cyclin E, drive the
progression of the cell cycle, whereas Cip/Kip proteins,
such as p27, by binding to cyclin-CDKs, suppress the
process of the cell cycle [19]. Our results indicated that
PinX1 negatively regulated the expression of cyclin D1 and
cyclin E, whereas positively associated with p27 expres-
sion, which was in accordance with the results in bladder
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Fig. 4 PinXl1 inhibited the
speeds of gliomas cell wound
healing. a, ¢ The representative
pictures of wound healing in
U87 and U251 cells with PinX1
over-expression and controls. b,
d The percentages of wound
healing after 24 h were
calculated in U87 and U251
cells with the different PinX1
expression levels. Data were
presented as mean £ SD,

*P < 0.05, Student’s ¢ test

Fig. 5 PinX1 suppressed the
gliomas cell migration and
invasion. a, ¢ The representative
pictures of migration and
invasion in U87 and U251 cells
with PinX1 over-expression and
controls. b, d The number of
cell migration and invasion per
field were counted in five
random fields for PinX1 over-
expressing and control groups
(n = 3/group) (B, D). Data were
presented as mean £ SD,

*P < 0.05, Student’s ¢ test
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urothelial carcinoma cell [17]. In addition, studies have Another aggressive characteristic of gliomas is their
showed that PinX1 suppresses cell immortalization by in- extensive invasion [7, 26, 27], and some data of retro-
hibiting the telomerase activity, which is controlled by spective cancer patient cohorts have suggested that PinX1
hTERT expression [17, 20, 24]. Our data also validated that ~ expression is negatively correlated with the lymph node
PinX1 restrained hTERT expression and therefore was metastasis [13, 15, 16, 23]. Here, we investigated the effect
responsible for gliomas proliferation [25].

of PinX1 in gliomas invasion. Our results showed that
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Fig. 6 PinX1 regulated the expressions of MMP-2 and TIMP-2 to
reduce gliomas cell migration and invasion. The expressions of
MMP-2 and TIMP-2 in U87 and U251 with different PinX1
expression levels were determined by Western blot

PinX1 over-expression significantly inhibited the wound-
healing abilities of gliomas cells. Simultaneously, in the
migration and invasion assays of gliomas cells, we also
found that PinX1 remarkably reduced the capabilities of
gliomas cell migration and invasion. As we all know, the
process that glioma cells escape from the original site and
expand into the surrounding normal brain parenchyma is
involved in a diverse array of biological incidents [28].
Number of studies have shown that MMP-2 degrades ECM
components and plays a key role in tumor cells migrating
and infiltrating smoothly to the neighbor tissues, whereas
TIMP-2 has the inhibitory role against MMP-2 to suppress
the cancer cell migration and invasion [21, 22]. Therefore,
we checked the expressions of MMP-2 and TIMP-2 in
gliomas cells with PinX1 over-expression. Our results
displayed that PinX1 could negatively regulate MMP-2
expression, whereas it was positively related to the ex-
pression of TIMP-2, which also validated the findings that
MMP-2 and TIMP-2 have been proved to perform an im-
portant role in gliomas aggression [29, 30].

In summary, PinX1 over-expression could obviously
reduce the gliomas cell proliferation through the retarda-
tion of cell cycle at G1 phase and suppress the abilities of
gliomas cell migration and invasion via down-regulating
MMP-2 expression and up-regulating TIMP-2 expression.
Combined with the previous reports of PinX1 about cancer,
these results suggested that PinX1 may play a suppressive
role in the progression of gliomas. However, the exact
molecular mechanism that PinX1 regulates MMP-2, TIMP-
2 and cell cycle protein expression still needs to be studied.
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