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Abstract: PinX1, a conserved nuclear protein, could maintain telomere integrity and plays an important role in regu-
lating telomerase activity. It has been reported that the expression of PinX1 is down-regulated in some cancer and 
associated with cancer prognosis. However, the value of PinX1 in gliomas has not been studied. In this study, two 
independent retrospective gliomas cohorts with the corresponding gliomas tissue microarrays (TMAs) were estab-
lished to detect the expression level of PinX1 and the correlation of PinX1 expression with the clinicopathological 
features and the patients’ survival. Compared with non-cancerous brain tissues, PinX1 protein levels were remark-
ably up-regulated in gliomas (P = 0.001), and further increased from benign gliomas tissues to malignant gliomas 
tissues (P = 0.090). Moreover, high PinX1 expression was significantly positively associated with gliomas WHO grade 
in the training set (P = 0.019) and the validation set (P = 0.037). High PinX1 expression significantly correlated with 
a worse 5-year overall (P = 0.016) and disease-specific survival (P = 0.026). Simultaneously, the multivariate COX 
regression analysis showed that PinX1 was an independent unfavorable prognostic factor for 5-year overall survival 
(hazard ratio (HR) = 2.078, P = 0.015) and disease-specific survival (HR = 2.429, P = 0.012) after adjusting with 
age, sex and WHO grade in gliomas. In conclusion, PinX1 expression may serve as a prognostic and predictive bio-
marker for gliomas.
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Introduction

Although the incidence rate of human malig-
nant tumors in brain and central nervous sys-
tem is low, there will be still nearly 22,810 new 
cases diagnosed world widely in 2014 [1]. 
Among all the types of cancers in brain and 
central nervous system, gliomas are the most 
common malignancies and cause most of 
deaths [2]. Especially, glioblastoma multiform 
(GBM), one special type of gliomas, is the most 
aggressive one on account of its fast growth 
and frequently spreading to nearby brain tis-
sue. A series of powerful treatments have been 
made for the GBM patients, however, due to 
the inadequate surgery and the inapproach-
able chemotherapeutic drugs when crossing 
the blood-brain barrier, the GBM has become 
the most incurable and lethal cancer with a sur-

vival of less than 12 months [3]. Now, accumu-
lating evidences have indicated that the 
changed gene expressions will help us to dis-
cover the effective biomarkers for gliomas. 
Therefore, it is urgent for us to study and find 
these biomarkers which could provide targets 
for predicting the prognosis and the therapy of 
gliomas.

Telomere is composed of repetitive nucleotide 
sequences and exists at the terminal of every 
linear chromosome to prevent it from fusion 
with the neighboring chromosomes [4]. In mam-
malian cells, six specialized telomeric proteins, 
including Pot1, TPP1, TIN2, TRF1, TRF2 and 
Rap1, form the shelterin which is capped at the 
telomeric DNA to maintain the telomere integri-
ty and homeostasis [5]. In the normal cells, telo-
mere length is precisely controlled and becomes 
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significantly shortened te- 
lomere lengths, meanwhile 
the knockdown of PinX1 
expression suppresses ce- 
ll proliferation and enhanc-
es cell apoptosis in the 
telomerase-positive canc- 
er cells [18]. Now, there is 
still no study to conduct on 
the expression and prog-
nostic functions of PinX1 
in gliomas so far. Therefore, 
in this study, we used the 
two retrospective gliomas 
patient cohorts with the 
tissues microarrays (TMAs) 
to investigate the expres-
sion of PinX1 and the asso-
ciation of PinX1 expression 

Table 1. Relationship between PinX1 staining and clinicopathological 
characteristics of the individuals in two cohorts of glioma patients

Variables
Training cohort (191 cases) Validation cohort (392 cases)
Low (%) High (%) P* Low (%) High (%) P*

Age
    < 47 years 38 (40.9) 55 (59.1) 0.660 89 (38.5) 142 (61.5) 0.256
    ≥ 47 years 37 (37.8) 61 (62.2) 53 (32.9) 108 (67.1)
Gender
    Male 42 (35.6) 76 (64.4) 0.186 87 (36.6) 151 (63.4) 0.866
    Female 33 (45.2) 40 (54.8) 55 (35.7) 99 (64.3)
WHO Grade 0.019
    I 17 (60.7) 11 (39.3) 18 (60.0) 12 (40.0) 0.037
    II 37 (38.9) 58 (61.1) 63 (33.9) 123 (66.1)
    III 7 (21.2) 26 (78.8) 49 (36.0) 87 (64.0)
    IV 14 (40.0) 21 (60.0) 12 (30.0) 28 (70.0)
*χ2 test.

shorter and shorter after each cell division. And 
if telomere-length maintenance becomes aber-
rant, cancer may happen [6]. Telomerase, also 
called telomere terminal transferase, can add 
the special nucleotide sequences repeats to 
the telomere terminal to slow down the speed 
of telomere shortening [6]. This enzyme con-
tains two crucial functional regions, the protein-
catalytic subunit, telomerase reverse transcrip-
tase (TERT), and the single-stranded RNA, 
telomerase RNA component (TR) [7]. TERT acts 
as a rate-limiting governor to control the telom-
erase activation. In cancers, TERT is extensive-
ly activated, and therefore restraining TERT 
expression and function has an inhibitory effect 
on cancer telomerase reactivation which is 
responsible for cancer cell immortalization and 
has been identified as an anti-cancer target [8]. 

PinX1, a conserved nuclear protein, is reported 
as an interacting protein of TRF1, and main-
tains telomere integrity by regulating TRF1 sta-
bility [9, 10]. PinX1 is also known as a sup-
presser of telomerase enzymatic activity 
through its COOH-terminal domain binding with 
TERT [11]. Increasing evidences about cancers 
have demonstrated that the expression of 
PinX1 is down-regulated and associated with 
poor prognosis in some cancers, including gas-
tric cancer [12, 13], prostate cancer [14], ovar-
ian cancer [15]. PinX1 over-expression in some 
types of cancer cells can induce apoptosis and 
suppress proliferation [16, 17]. But, it also has 
been reported that the loss of PinX1 has an 
effect in suppressing telomerase and therefore 

with clinicopathological features and outcome 
in gliomas.

Materials and methods

Patients and samples

This study was performed under a protocol 
approved by the Institutional Review Boards of 
Xuzhou Medical College, and all examinations 
were performed after obtaining written 
informed consents. Two independent retro-
spective gliomas patient cohorts, called the 
training set and validation set, were used to 
investigate the role of PinX1 in this study. In the 
training cohort, as our previous report [19], 123 
glimoas patients with Grades I-II and 68 gilo-
mas patients with Grades III-IV were recruited. 
Simultaneously, in order to validate the findings 
in the training set, we recruited another 216 gli-
moas patients with Grades I-II and 176 gilomas 
patients with Grades III-IV to build the valida-
tion set. Patients entering the validation cohort 
were followed up from the date of surgery to the 
date of death or the last follow-up. The tissues 
were obtained from The Affiliated Hospital of 
Xuzhou Medical College. Exclusion criteria were 
patients with preoperative chemotherapy or 
radiotherapy. Due to the lost samples during 
antigen retrieval or samples with no tumor cells 
present in the core, ultimately, 191 cases in the 
training cohort and 392 cases in the validation 
cohort was used to analysis the PinX1 expres-
sion (Table 1). 
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Figure 1. Immunohistochemical analysis of PinX1 expression in normal brain tissue (NB), tumor adjacent normal 
brain tissue (AB), benign tumor (BT), and malignant tumor (MT). (A) Low PinX1 nuclear staining in normal brain tis-
sue; (B) Low PinX1 nuclear staining in adjacent normal brain tissue; (C) High PinX1 nuclear staining in benign tumor; 
(D) High PinX1 nuclear staining in malignant tumor. Magnification × 100.

Construction of TMA and immunohistochemis-
try of TMA 

The glioma TMA of the training set was obtained 
from Shanxi Chaoying Biotechnology (Xi’an, 
Shanxi, China), which included array 1.0 mm 
diameter dots of 8 normal brain tissues, 8 
tumor adjacent normal brain tissues, and 191 
gliomas tissues. The gliomas TMA of the valida-
tion set was created in National Engineering 
Center for Biochip, Shanghai, China. The dupli-
cate 1.0 mm diameter cores of 392 gliomas tis-
sues was punched from the paraffin block and 
assigned in the glass slides. 

The immunohistochemistry of TMAs was car-
ried out as described previously [19]. The anti-
PinX1 antibody (1:50 dilution, Novus Biologicals, 
Littleton, USA) was used for primary antibody 

Figure 2. PinX1 expression was increased in the glio-
mas tissues when compared with the normal brain 
tissues (P = 0.001, Fisher’s exact test), and further 
increased in malignant gliomas tissues when com-
pared with benign gliomas tissues (P = 0.090, Fish-
er’s exact test). 
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Table 2. Univariate Cox proportional regression analysis on 5-year overall and 
disease-specific survival of 136 glioma patients

Variable*
Overall survival Disease-specific survival

Hazard ratio 95% CI† P* Hazard ratio 95% CI† P*

PinX1
    Low 1.000 0.019 1.000 0.024
    High 1.981 1.118-3.511 1.741 1.230-2.755
Age
    ≤47 years 1.000 0.443 1.000 0.630
    >47 years 0.864 0.594-1.225 0.855 0.632-1.030
Gender
    Male 1.000 0.392 1.000 0.362
    Female 0.810 0.500-1.312 0.863 0.730-1.235
WHO Grade
    I-II 1.000 0.000 1.000 0.000
    III-IV 2.477 1.574-3.967 2.554 1.618-3.551
*P values are from Log-rank test. †CI: confidence interval.

incubation at 4°C overnight. The slide without 
primary antibody incubation was used as nega-
tive control. 

Evaluation of immunostaining

The evaluation of PinX1 staining was blindly 
and independently examined by two patholo-
gists by applying a semi-quantitative immuno-
reactivity score (IRS), as reported before [20], 
and the consensus was asked to reach for 
every core. IRS was the multiplying scores of 
staining intensity and the percentage of posi-
tive cells. The intensity of PinX1 immunostain-
ing was 0 (negative), 1 (weak), 2 (moderate) and 
3 (strong), the percentage of immunoreactive 
cells was 1 (0-25%), 2 (26-50%), 3 (51-75%), 
and 4 (76-100%). Based on the IRS, PinX1 was 
classified as low (IRS: 0-4) and high (IRS: 6-12) 
expression.

Statistical analysis

For TMA, statistical analysis was performed 
with SPSS 20.0 software (SPSS, Inc, Chicago, 
IL). Differences in IRS for PinX1 staining in nor-
mal brain tissues, tumor adjacent normal brain 
tissues and gliomas tissues were assessed by 
the Fisher’s exact test. The association 
between PinX1 staining and the clinicopatho-
logic parameters of the glioma patients, includ-
ing age at diagnosis, sex and WHO grade, was 
evaluated by X2 test. The Kaplan-Meier method 
and log-rank test were used to evaluate the cor-

immunohistochemical staining of a TMA which 
included 8 normal brain tissues, 8 tumor adja-
cent normal brain tissues and 191 gliomas tis-
sues was used. We found that PinX1 staining 
was mainly located in the nucleus (Figure 
1A-D). PinX1 was highly expressed in 1 of 8 
(12.5%) normal brain tissues, 2 of 8 (25%) 
tumor adjacent normal brain tissues, 69 of 123 
(56%) benign gliomas tissues and 47 of 68 
(69%) malignant gliomas tissues (Figure 2). The 
expression of PinX1 was notably increased in 
the gliomas tissues when compared with the 
normal brain tissues (P = 0.001, Fisher’s exact 
test), and further increased in malignant glio-
mas tissues when compared with benign glio-
mas tissues (P = 0.090, Fisher’s exact test). 
The most remarkable difference of PinX1 
expression was between the normal brain tis-
sues and malignant gliomas tissues (P = 0.003, 
Fisher’s exact test). 

PinX1 expression was significantly associated 
with WHO grade 

The clinicopathologic characteristics of the 
training cohort and the validation cohort of glio-
ma biopsies were summarized in Table 1. 
Samples with IRS 0-4 and IRS 6-12 were classi-
fied as low and high expression of PinX1. As 
shown in Table 1, chi-square analysis revealed 
that the expression of PinX1 in the gliomas tis-
sues was significantly positively associated 
with the WHO grade in the training set (P = 
0.019) (Table 1). These findings were confirmed 

relation between 
PinX1 expression 
and patient sur-
vival. Cox regres-
sion model was 
used for multivari-
ate analysis. Diffe- 
rences were con-
sidered significant 
when P < 0.05.

Results

PinX1 expression 
is up-regulated in 
gliomas

In order to investi-
gate the expres-
sion level of PinX1 
in gliomas, the 
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disease-specific sur-
vival in gliomas (P = 
0.016 and P = 
0.026, respectively, 
log-rank test; Figure 
3). The 5-year over-
all cumulative sur-
vival rate dropped 
from 68.0% in pa- 
tients with low PinX1 
expression to 47.7% 
in those with high 
PinX1 expression, 
and the 5-year dis-

Figure 3. Kaplan-Meier survival analyses of glioma patients. A. High PinX1 expression correlates with a poorer 
5-year overall survival (P = 0.016, log-rank test). B. High PinX1 expression correlates with a poorer 5-year disease-
specific survival (P=0.026, log-rank test). Abbreviation: Cum, cumulative.

in the validation cohort of glioma patients (P = 
0.037) (Table 1). However, we did not find sig-
nificant correlation between PinX1 expression 
with other clinicopathologic features in both 
training cohort and validation cohort, including 
age and gender. 

Increased PinX1 expression correlates with 
poor patient survival

To further study whether increased PinX1 stain-
ing in glioma patients correlates with a worse 
prognosis, Kaplan-Meier survival curves were 
constructed using 5-year overall or disease-
specific cumulative survival to compare the 
patients with high PinX1 staining to those with 
low PinX1 staining (n = 136, follow-up time, 60 
months). Our data revealed that high PinX1 
staining correlated with both worse overall and 

ease-specific cumulative survival rate dropped 
from 61.8% in patients with low PinX1 expres-
sion to 46.7% in those with high PinX1 
expression. 

PinX1 serves as an independent molecular 
prognostic indicator for gliomas 

Moreover, we examined whether PinX1 expres-
sion was an independent prognostic factor for 
gliomas. We performed a univariate Cox regres-
sion analysis including PinX1 expression, age, 
gender and WHO grade to study the effects of 
PinX1 on patient survival in gliomas. The uni-
variate Cox regression analysis showed that 
PinX1 expression was an independent prognos-
tic marker for glioma patients overall survival 
(hazard ratio, 1.981; 95% CI, 1.118-3.511; P = 
0.019; Table 2), and disease-specific survival 

Table 3. Multivariate Cox regression analysis on 5-year overall and disease-
specific survival of 136 glioma patients

Variable*

Overall survival Disease-specific survival

Hazard ratio 95% CI† P Hazard 
ratio 95% CI P

PinX1 2.078 1.153 to 3.744 0.015 2.429 1.222 to 3.630 0.012
Age 0.904 0.772 to 1.287 0.440 0.856 0.652 to 1.222 0.584
Gender 1.141 0.653 to 1.511 0.643 0.913 0.882 to 1.146 0.512
WHO Grade 2.163 1.295 to 3.613 0.003 1.958 1.514 to 2.511 0.005
*Coding of variables: PinX1 was coded as 1 (low), and 2 (high). Age was coded as 1 (< 47 
years), and 2 (≥ 47 years). Gender was coded as 1 (male), and 2 (female). WHO grade was 
coded as 1 (I-II), and 2 (III and IV). †CI: confidence interval.
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(hazard ratio, 1.741; 95% CI, 1.230-2.755; P = 
0.024; Table 2). In multivariate Cox regression 
analysis, we found that PinX1 expression was 
also an independent prognostic marker for 
5-year overall survival (hazard ratio, 2.078; 
95% CI, 1.153-3.744; P = 0.015; Table 3) and 
disease-specific survival (hazard ratio, 2.429; 
95% CI, 1.222-3.630; P = 0.012; Table 3) after 
adjusting with age, sex and WHO grade in 
gliomas.

Discussion

Various data have indicated that PinX1 func-
tionally inhibits telomerase activity and short-
ens telomeres [11]. The expression of PinX1 is 
significantly reduced in some human cancers 
and associated with the poor outcome of the 
cancer patients. Moreover, the suppressive 
roles of PinX1 have also been confirmed in the 
heterozygous mice (PinX1+/-) which have the 
increased opportunities for breast, lung, and 
gastrointestinal carcinomas development [21]. 
In some human cancer cell, PinX1 has been 
proved as a tumor suppressor to decrease cell 
proliferation and metastasis, such as colorec-
tal cancer [16], bladder cancer [17], gastric 
cancer [22]. But, several studies have also 
showed the different and even contradictory 
roles of PinX1 in telomerase activity and cancer 
cells proliferation [8, 18], which reminds us 
that the function of PinX1 is depended on the 
types of cancers. However, the exact role of 
PinX1 in the gliomas is still unclear. Therefore, 
in this study, we used the two independent glio-
mas TMAs with the responding clinical and sur-
vival data to determine the prognostic role of 
PinX1 in the gliomas.

On the basis of 191 gliomas tissues with differ-
ent WHO grades, 8 gliomas adjacent normal 
brain tissues and 8 normal brain tissues, the 
result of TMA immunohistochemistry indicated 
that the expression of PinX1 was significantly 
up-regulated in gliomas tissues when com-
pared with the normal brain tissues. Now some 
studies have focused on finding the reasons of 
differential PinX1 expression in cancer, and the 
attempt has been done to establish the rela-
tionship of the PinX1 somatic mutation with 
some carcinomas [23], but there was a rare 
somatic mutation reported. Moreover, the 
study about medulloblastomas has been 
reported that PinX1 has no somatic mutation, 

and meanwhile the expression of PinX1 is not 
been suppressed in cancer [24]. These data 
may indicate that the role of PinX1 is specific in 
nervous tumors in comparison with some other 
cancer. 

Next, in these two independent gliomas patient 
cohorts, we found that PinX1 expression was 
further increased in malignant gliomas tissues 
when compared with the benign gliomas tis-
sues. The PinX1 expression was positive asso-
ciation with the gliomas WHO grades. These 
results indicated that PinX1 expression may 
function in increasing the malignancy of glio-
mas. Furthermore, interestingly, in the survival 
analysis, our results revealed that the high 
expression of PinX1 was significantly correlated 
with the poor 5-year overall and disease-specif-
ic survival for the gliomas patients, which is 
contradictory to the studies on gastric cancer 
[12, 13], prostate cancer [14], ovarian cancer 
[15]. The univariate and multivariate Cox pro-
portional regression analysis declared that 
PinX1 expression was an independent unfavor-
able prognostic factor for predicting both 5-year 
overall and disease-specific survival. Our 
results demonstrated that the function and role 
of PinX1 was heterogeneous in gliomas, which 
may from another side prove the role of PinX1 
depending on the type of cancer. 

Recently, it has been reported that directly tar-
geting to PinX1 could augment the anti-cancer 
effects. Zhang B et al. have showed that anthra-
cyclines can down-regulate PinX1 to interrupt 
telomere maintenance by telomerase, which 
strongly enhances the cancer cells’ sensitivity 
to chemotherapies. Tian X et al. have indicated 
that knockdown of PinX1 dramatically enhanc-
es paclitaxel cytotoxicity, whereas the reestab-
lishment of PinX1 levels substantially reduces 
the paclitaxel-induced killing effect [25]. 
Moreover, in the gliomas, Long L et al. have 
demonstrated that PinX1-siRNA combined with 
doxorubicin enhances the inhibition effect on 
the glioma cell growth [26]. These studies com-
bined with our data indicated that the PinX1 
may be an effective biomarker and target for 
the gliomas prognosis and treatment, however, 
the selection bias was still unavoidable from 
retrospective studies and the exact role of 
PinX1 in gliomas remains to require further 
investigations. Therefore, the basic researches 
and the prospective clinical studies about 
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PinX1 are further asked to validate whether 
PinX1 is a useful biomarker for gliomas 
patients.
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