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Abstract: Objective: PIN2/TRF1-interacting telomerase inhibitor 1 (PINX1) is a novel cloned gene that plays a vi-
tal role in maintaining telomeres length and chromosome stability. In this study, we investigated the expression, 
function and mechanisms that governing its aberrant expression in human gliblastoma cells. Methods: A total of 
46 glioblastoma tissues and 10 non-cancerous brain tissues were enrolled in this study. The expression pattern 
of PINX1 was detected by quantitative real-time PCR and immunohistochemistry. By conducting siRNA mediated 
PINX1 inhibition and plasmid overexpression, cell proliferation was evaluated by Edu staining and MTT assay in U87 
and SNB19 cells. Moreover, we studied the novel relationship between PINX1 and miR-627 in glioblastoma cells. 
Results: Compared with non-cancerous normal brain tissues, expression of PINX1 mRNA and protein levels were 
remarkably amplificated in glioblastoma. Cellular experiments demonstrated that PINX1 promoted cell proliferation. 
Further studies suggested miR-627 was the direct upstream regulator that post-transcriptionally targeting PINX1. 
The expression of PINX1 and miR-627 negatively correlated with each other, and miR-627 exhibited decreased 
status in glioblastoma tissues. Conclusion: Amplificated PINX1 serves as a potent oncogene by promoting cell pro-
liferation in glioblastoma, and miR-627 directly targets PINX1, thus revealing a novel therapeutic strategy for glio-
blastoma patients.
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Introduction

PIN2/TRF1-interacting telomerase inhibitor 1 
(PINX1) is known as a potent telomerase inhi- 
bitor that was firstly identifed in 2001 [1]. Un- 
like other telomere-associated proteins, PINX1 
is unique for the reason that it directly interacts 
with the telomerase catalytic component TERT 
and suppresses the enzymatic activity of telo- 
merase [1]. Accumulating reports have consid-
ered PINX1 as a tumor suppressor because of 
its conserved effects on inhibiting telomerase 
activation and telomeres elongation in cancer 
cells [2-5]. Evidences from other epithelial ma- 
lignancies, including gastric cancer [5, 6], pros-
tate cancer [7] and ovarian cancer [8], have 
shown that PINX1 expression is down-regulat-
ed and associated with poor prognosis. More- 
over, PINX1 overexpression was verified to be 
able to significantly suppress cell proliferation, 
or induce apoptosis in some types of cancers 
[9, 10]. However, there are still some research-

es showing the opposite molecular status of 
PINX1 gene and its expression patterns in other 
types of tumors, like in esophageal squamous 
cell carcinoma (ESCC) and cervical squamous 
cell carcinomas (CSCC) tissues [11, 12]. These 
indicate that the variations of expression pat-
tern and/or functions of PINX1 in tumorigene- 
sis and progression are complicated, and may 
be tumor-type specific.

Glioma accounts for more than 70% of all pri-
mary neoplasms that developed in the central 
nervous system [13]. Glioblastoma, also abbre-
viated as GBM, is the grade IV of all gliomas 
according to the WHO classifications. It repre-
sents the most aggressive and deadly primary 
brain tumor on account of its fast growth and 
frequently spreading to nearby brain tissue [14, 
15]. Surgical resection, followed by radiothera-
py and chemotherapy remains as the common 
therapy option. Despite the progress in under-
standing the features of this disease, the prog-
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nosis actuality remains unsatisfying. The medi-
an life expectancy of all GBM patients after 
diagnosis remains less than 12 months [16].

Recently, Bai et al firstly characterized the ex- 
pression and prognostic value in human glio- 
ma [17]. They found that PINX1 protein levels 
were remarkably upregulated in gliomas, and 
PINX1 expression may serve as a prognostic 
and predictive biomarker for gliomas [17]. Tra- 
cing along this finding, we set out to investigate 
the function and mechanism of PINX1 in GBM.

Materials and methods

Patients and tissues

The surgical specimens of 10 normal brain tis-
sues and 46 glioblastoma tissues were collect-
ed in Cangzhou Central Hospital from January 
2015 to December 2016 with written consent. 
For total RNA extraction, tissues were frozen in 
liquid nitrogen immediately followed by stored 
in -80°C.

Immunohistochemistry

For immunohistochemistry, tissues were for-
malin-fixed and processed by paraffin-embed-
ded before used. The IHC staining was perform- 
ed on the sections of (5 μm thickness) accord-
ing to the standard ABC protocol with the PI- 
NX1 antibody (Santa Cruz).

Cell culture

Normal human astrocytes and human glioblas-
toma cell lines U87, U343, U251 and SNB19 
were obtained from laboratory preservation.  
All cell lines were cultured in DMEM medium 
(Hyclone) supplemented with 10% fetal bovine 
serum (Hyclone) and 1% penicillin-streptomy- 
cin (SolarBio). All the cells were cultured in a 
humidified atmosphere at 37°C with 95% air 
and 5% CO2.

RNA isolation and quantitative real-time PCR

Total RNA and microRNAs were extracted from 
the tissues and cells mentioned above us- 
ing TRIzol reagent (Invitrogen), according to the 
manufacturer’s protocol. First-strand cDNA was 
synthesized from 1 μg of total RNA using re- 
verse transcriptase (Takara). GAPDH was used 
as an internal control of genes. Special primers 
(RiboBio) were used for the miR-627 RT reac-
tion, and U6B was used as an internal control 

of miRNA. Quantitative real-time PCR analysis 
of PINX1 or miR-627 expression was carried 
out by 2-ΔΔCT method using 5 μl cDNA and the 
SYBR Green Master Mix (TOYOBO), according  
to the manufacturer’s instructions.

Short interference RNA

A short interference RNAs (siRNAs) mixture  
targeting PINX1 (siPINX1) and control siRNA  
oligos (siNC) were purchased from Santa Cruz. 
Transient transfections was performed using 
Lipofectamine2000 (Invitrogen), according to 
the manufacturer’s instructions.

Plasmid construction

The coding sequence of PINX1 was amplified 
from U87 cDNA by reverse transcription PCR 
and inserted into pcDNA3.1-myc/His (A+) ex- 
pression vector without myc-tag.

Western blot

Total proteins from all the cell samples were 
extracted using RIPA (Beyotime) buffer contain-
ing 1 mM PMSF (Beyotime). 30 μg of each pro-
tein was loaded on 9% SDS polyacrylamide gels 
for electrophoresis. Then proteins were trans-
ferred to NC membranes (Millipore). After being 
blocked by 5% non-fat milk, the membranes 
were incubated with PINX1 or GAPDH antibod-
ies (Santa Cruz) and HRP conjugated second-
ary antibodies (Santa Cruz). GAPDH was used 
as internal controls. HRPs on the immune com-
plex were visualized by the ECL Plus Kit (Ther- 
mo).

MTT assay

The role of PINX1 in growth rate of U87 and 
SNB19 cells was determined by the MTT assay. 
Briefly, cells were plated in 96-well plates at a 
density of 2000 cells per well. Cells were in- 
cubated with 0.5% MTT (Sigma). 4 h later, cells 
were lysed by DMSO (Beyotime) and the absor-
bance was determined by a microplate reader 
at 490 nm.

Edu staining assay

For Edu assay, 50 mM of the reagent from Cell 
Light Edu DNA imaging Kit (RiboBio) was added 
two days after transfection, and the cells were 
stained according to the manufacturer’s proto-
col. The Edu-positive cells were stained by red 
and cells stained by Hoechst were blue.
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MiR-627 target prediction

Candidate targets of miR-627 were predict- 
ed by free online tools of TargetScan (http://
www.Targetscan.org/) and miRBase (http://
www.mirbase.org/).

Dual-luciferase reporter assays

The PINX1 3’-UTR containing the predicted 
binding site for miR-627 was amplified and 
cloned into pmir-GLO vector. PINX1 3’-UTR con-
taining mutant binding site for miR-627 was 
sub-cloned by site-directed mutagenesis PCR 
method. 48 hours after transfection, luciferase 
activity was detected using a dual-luciferase 
reporter assay system and normalized to renilla 
activity.

Statistically analysis

Statistical analysis was performed using Gra- 
phPad v5. All values were expressed as mean ± 
standard deviation (SD). Differences between 
groups were calculated using the Grouped 
Student’s t-test. Correlation between gene and 

microRNA expression was analyzed by linear 
regression analysis. A P value <0.05 was con-
sidered as statistically significant.

Results

Amplification of PINX1 mRNA and protein in 
GBM tissues

Although it was shown by another group that 
PINX1 was upregualted in gliomas [17], we still 
firstly confirmed this result in our GBM tissues. 
A total of 46 GBM patients and 10 non-cancer-
ous normal brain tissues were received from 
the clinic. Quantitative real-time PCR analysis 
revealed that, PINX1 mRNA was obviously in- 
creased in the GBM tissues when compared 
with the normal brain tissues (P<0.05, Figure 
1A). Additionally, our immunohistochemistry re- 
sult showed that PINX1 was mainly located  
in the nucleus, almost absent in the normal 
brain tissue while strongly positive staining in 
the tested GBM tissue (Figure 1B). These data 
support that PINX1 was amplificated at both 
mRNA and protein levels in GBM tissues.

PINX1 promotes cell proliferation in U87 and 
SNB19 cells

To investigate the possible biological effects of 
PINX1 in GBM cell proliferation, we also deter-
mined its expression level in some GBM cells. 
As shown in Figure 2A, when compared with 
normal human astrocytes, PINX1 was mostly 
abundant in the U87 cell line, while modestly 
expressed in the SNB19 cell line. Then we per-
formed loss-of-function assay in U87 cells while 
gain-of-function in SNB19 cells. Western blot 
validation showed the effective knockdown or 
overexpression of PINX1 in the respected cells 
(Figure 2B). Then we carried out Edu and MTT 
assays to evaluate the cell proliferation ability 
influenced by PINX1. Both methods gave the 
same phenotype: 1) intrinsic PINX1 knockdown 
resulted in slowing down of cell proliferation in 
U87 cells, and 2) forced expressing PINX1 in 
SNB19 cells caused accelerated growth rate 
(Figure 2C and 2D).

miR-627 directly targets PINX1

Given that microRNAs (miRNAs) play key roles 
in regulating gene expression at the post tran-
scriptional level, we then questioned if some 
miRNA targeted PINX1, which might be utilized 
as the GBM therapy target. By using free online 

Figure 1. PINX1 was amplificated in mRNA and pro-
tein level in GBM tissues. A. PINX1 was up-regulated 
in 46 GBM tissues compared with 10 normal brain 
tissues by qRT-PCR (P<0.05). B. Immunohistochem-
istry staining showed the up-regulation of PINX1 at 
proten level in GBM tissue section compared with 
normal brain tissue section (×100).
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target prediction tool TargetScan Release 7.1 
[18], we found putative seed-matching sites 
(indicated in Figure 3A in blue) for miR-627 in 
the 3’-UTR of PINX1 (Figure 3A). Luciferase 
reporters containing wild-type and mutant sites 
(indicated in Figure 3A in red) were construct-
ed. Then luciferase activities of wild-type and 
mutant PINX1 reporters were detected in U87 
cells after co-transfection of miR-627 mimics. 
The results showed that the wild-type PINX1 
reporter had significantly lower levels of luci- 
ferase activity in miR-627-overexpressing cells, 
while the mutant PINX1 reporter had similar le- 

vels between miR-NC and miR-627-overexpre- 
ssing cells (Figure 3B). Furthermore, we deter-
mined the protein and mRNA expression of 
PINX1 in miR-627-overexpressing cells, and 
found that PINX1 expression was significantly 
reduced in miR-627-overexpressing U87 and 
SNB19 cells (Figure 3C and 3D).

Decreased expression of miR-627 indicates its 
tumor suppressing role in GBM

Since we proved that miR-627 was the direct 
regulator of PINX1 in GBM cells, we then inves-

Figure 2. Upregulated PINX1 promoted cell proliferation in U87 and SNB19 cells. A. Fold changes (2-ΔΔCt values) by 
qRT-PCR showed increased expression of PINX1 mRNA in four GBM cell lines compared with normal human astro-
cytes (NHAs). Expression levels were normalized for GAPDH. B. Western blot indicated down-regulation of PINX1 in 
PINX1 siRNAs transfected U87 cells and up-regulation of PINX1 protein in the 3.1-PINX1 plasmid transfected SNB19 
cells in comparison with control cells. C. Edu-positive representative images in the indicated cells assessed by Edu 
assay after transfecting siPINX1 mixture in U87 cells or 3.1-PINX1 plasimd in SNB19 cells. D. MTT assay showed 
a lower growth rate in the siPINX1 transfected U87 cells and a higher growth rate in 3.1-PINX1 transfected SNB19 
cells than control cells. *: P<0.05, **: P<0.01.
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tigated miR-627 expression in GBM tissues. 
Results showed that miR-627 expression lev-
els in GBM specimens were much lower than 
those in normal brain tissues (P<0.01, Figure 
4A), indicating miR-627 acts as a tumor sup-
pressor in GBM. Spearman’s correlation ana- 
lysis found the negative correlation between 
the expression levels of PINX1 and miR-627 in 
GBM tissues (Figure 4B). Finally, we examined 
the biological effects of miR-627 in GBM cells 
by MTT assay. The result shown in Figure 4C 
indicated significant reduced cell proliferation 
ability of miR-627-overexpressing cells com-
pared with cells transfected with miR-NC.

Discussion

PINX1 has been identified as an endogenous 
telomerase inhibitor and a major haplo-insuffi-
cient tumor suppressor gene, since its sup-
pressive roles had been confirmed in the het-
erozygous (PINX1+/-) mice, which had increased 
opportunities for breast, lung, and gastrointes-
tinal carcinomas development [19]. However, 
several studies have also showed the different 

and even contradictory roles of PINX1 in telom-
erase activity and cancer cells [20, 21]. This 
reminds us that the function of PINX1 might be 
complicated and highly depended on the types 
of cancers. Nevertheless, the exact expression 
and function of PINX1 remain unclear.

Recently, one report characterized the expres-
sion and prognostic value of PINX1 in human 
gliomas [17]. They found that PINX1 protein  
levels were remarkably upregulated in gliomas, 
and PINX1 expression may serve as a prognos-
tic and predictive biomarker for gliomas [17]. 
Besides, Danussi et al previously presented a 
new algorithm called Multi-Reg, which conduct-
ed computational integration of copy number 
variation, expression and mutation data from 
large datasets of human GBM [22]. In their 
study, they identified that PINX1 was among  
the candidate drivers located in the amplified 
chromosome regions [22]. 

Herein, on the basis of human GBM tissues and 
normal brain tissues from the clinic, we deter-
mined the expression level of PINX1 in these 

Figure 3. miR-627 directly targeted PINX1 and negatively regulated its expression. A. Predicted miR-627 binding 
sites in the 3’-UTR of PINX1 by miRBase or TargetScan (in blue) and the designed mutant 3’-UTR in which miR-627 
binding sites were mutated (in red). B. Dual luciferase assay results showed the inhibitory effect on PINX1 3’-UTR 
activity while over-expressing miR-627. U87 cells were co-transfected with the recombinant pmir-GLO plasmids con-
taining PINX1 wild type or mutant 3’-UTR and miR-627 mimics or miR-NC controls. The firefly luciferase activities 
were normalized by the renilla luciferase activities. ***: P<0.001. C. Western blot indicated down-regulation of 
PINX1 in miR-627 mimics transfected U87 and SNB19 cells in comparison with miR-NC transfected control cells. D. 
Fold changes (2ΔΔCt values) by qRT-PCR showed decreased expression of PINX1 mRNA when over-expression miR-
627 mimics in U87 and SNB19 cells. Expression levels were normalized for U6 or GAPDH.
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GBM tissues, and also in GBM cell lines. We 
found that PINX1 mRNA and protein levels were 
both elevated in GBM tissues when compared 
with the normal brain tissues. We did not focus 
on its DNA copy number variations in these 
GBM tissues as indicated by Danussi’s report 
[22]. Instead, we paid attention on its function 
in GBM cells. Our data support that PINX1 pro-
moted cell proliferation, since both loss- and 
gain-of-function studies led to the consistent 
consequences. After revealing its function, we 
set to find out the direct miRNA that target 
PINX1, since many studies have reported that 
miRNAs play a significant role in the develop-
ment of human cancers [23]. We found that 
miR-627 could direct impact on the luciferase 
activity of PINX1 reporter, its mRNA and pro- 
tein expression. Additionally, the decreased ex- 
pression of miR-627 negatively correlated with 
PINX1 in GBM tissues. Furthermore, our experi-

ments further confirmed the role of miR-627  
as an tumor suppressor in GBM cells. We sh- 
owed that overexpression of miR-627 signifi-
cantly suppressed GBM cell proliferation. Hen- 
ce, our work is the first report to link tumour-
suppressive miR-627 with oncogene PINX1 in 
GBM cells.

Taken together, our work revealed that PINX1 
was upregulated and functioned as an onco-
gene by promoting cell proliferation in GBM.  
We identified that miR-627 could directly target 
PINX1 and regulate its expression, and served 
as a potent tumor suppressor in GBM. Further 
studies on the molecular mechanisms of PINX1 
in tumorigenesis are still needed.
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Figure 4. miR-627 was down-regulated in GBM tissues and inhibited GBM cell proliferation. A. MiR-627 was down-
regulated in 46 GBM tissues compared with 10 normal brain tissues by qRT-PCR (P<0.01). B. Negative correlation of 
miR-627 and PINX1 expression in 46 GBM tissues by linear regression analysis (R2=0.1218). C. MTT assay showed 
a lower growth rate in the miR-627 mimics transfected U87 and SNB19 cells than miR-NC transfected control cells. 
**: P<0.01, ***: P<0.001.
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