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Abstract. – OBJECTIVE: Growing evidence 
has proved that long noncoding RNAs (ln-
cRNAs) act as novel regulators in the progres-
sion of various tumors by modulating miRNAs 
and tumor-related genes. However, the poten-
tial function of lncRNA PXN-AS1-L (PXN-AS1-L) 
in glioma remains unknown. Hence, we aimed to 
determine whether PXN-AS1-L was dysregulat-
ed in glioma and further preliminarily explored 
its prognostic value in glioma patients. 

PATIENTS AND METHODS: RT-PCR was used 
for the assessment of PXN-AS1-L levels in glio-
ma tissue and matched normal tissues from our 
hospital. Chi-square test was applied to explore 
the possible association between PXN-AS1-L 
expressions and clinical factors. Kaplan-Meier 
survival analysis was carried out to determine 
the influence of PXN-AS1-L expressions on the 
survival rate of glioma patients. Survival data 
were further evaluated through univariate and 
multivariate analyses. 

RESULTS: PXN-AS1-L levels were differential-
ly upregulated in glioma specimens compared 
with paired non-tumor specimens. Higher lev-
els of PXN-AS1-L in glioma were observed to 
be positively associated with WHO grade (p = 
0.019), KPS (p = 0.008)and tumor recurrence (p = 
0.019). Survival assays revealed that glioma pa-
tients with higher PXN-AS1-L expressions had 
worse overall survival rates. In multivariate anal-
ysis, upregulation of PXN-AS1-L expressions 
(Risk ratio = 2.663, 1.218-4.532, p = 0.014) in glio-
ma tissues was confirmed to be an independent 
prognostic factor of overall survival in patients. 

CONCLUSIONS: We firstly suggested that 
PXN-AS1-L was overexpressed in glioma, and 
could be used as a novel marker of unfavorable 
outcome in glioma patients.
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Introduction

Gliomas are the most common neuroepithelial 
neoplasms originated from the glial cells of the 
central nervous system, occurring in 8 of every 
100,000 persons1. Generally speaking, gliomas 
are classified as low-grades (I-II) tumors, which 
present a slow growth or high-grades (III-IV) tu-
mors and which display a highly metastatic abili-
ty2,3. Despite the great advancement of aggressive 
surgery, radiation, and chemotherapy, the clinical 
outcome of gliomas patients is still relatively 
poor with a median survival of 10-15 months 
after diagnosis4,5. The potential challenges for the 
effective treatment of this cancer are attributed to 
several unfavorable elements, such as unobvious 
clinical forewarning at patients with early-stage 
and the frequent metastasis of glioma cells6. 
Up to date, the factors regulating the malignant 
progression of glioma remain poorly understood. 
Thus, it is important to investigate novel prognos-
tic and diagnostic factors for glioma that would 
be of huge clinical significance.

Long noncoding RNAs (LncRNAs) belong to a 
class of noncoding RNAs with > 200 nucleotides 
in length and have restricted protein-coding po-
tentials7. In recent years, an increasing number of 
lncRNAs were discovered by the use of whole-ge-
nome sequencing technology which has frequently 
used to explore dysregulated genes previously8. 
Novel evidence reveals lncRNAs as important 
modulators in the expression of various genes, 
especially disease-related genes, which highlights 
that some functional lncRNAs may be involved in 
disease-associated progression9,10. In tumor study, 
lncRNAs were reported to regulate the cellular 
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function of the tumor by promoting or suppressing 
the proliferation, metastasis, and apoptosis, sug-
gesting the multiple functions of lncRNAs in tu-
mor development based on the types of cancers11,12. 
In addition, the potential application of lncRNAs 
used as novel biomarkers in both tumor tissues and 
blood of tumor patients is also considered to be a 
promising approach13-15. However, little is known 
about how lncRNAs function, how many diverse 
categories of lncRNAs are present in animals, or 
even whether most of them displayed clinical or 
biological roles. 

Long noncoding RNA PXN-AS1-L (PXN-
AS1-L), a novel tumor-associated lncRNA which 
is an extraordinary isoform of lncRNA PXN-
AS1, has been demonstrated to be a dysregulat-
ed lncRNA in several tumors16,17. Recently, its 
biological function as a novel tumor promoter in 
lung cancer was firstly reported by Zhang et al18. 
Subsequently, overexpression of PXN-AS1-L and 
its tumor-promotive roles in nasopharyngeal car-
cinoma were also detected by the use of RT-PCR 
and functional assays17. However, whether PXN-
AS1-L was also abnormally expressed in glioma, 
and the possible prognostic value of this lncRNA 
remains to be unknown.

Patients and Methods

Patients and Tissue Samples
Matched surgical glioma tissues and adjacent 

normal specimens were obtained from 177 pa-
tients in Yuquan Hospital, Tsinghua University. 
None of the patients had received preoperative 
chemotherapy or radiotherapy. All tumor sam-
ples were subjected to pathological tests by two 
pathologists for diagnostic confirmations. All gli-
oma and non-tumor samples were immediately 
stored in liquid nitrogen for subsequent RT-PCR 
assays. All patients were followed every-three-
months for two years and then every-six-months 
for later three years. Clinicopathological features 
of all glioma patients were collected from medi-
cal records and all patients gave written informed 
consent for their tissues to be used in research. 
All human materials were approved by the Ethics 
Committee of Yuquan Hospital, Tsinghua Uni-
versity. 

RNA Extraction and qPCR Analysis
Total RNA was isolated from glioma and nor-

mal brain samples using the TRIzol reagent kit 
(Invitrogen, Zhejiang, Hangzhou, China) based 

on the manufacturer’s instructions. After being 
treated with DNase I (#10607ES15, Shengxiang, 
Xuhui, Shanghai, China) to remove DNAs, the 
RNA was reverse transcribed for the products of 
the first-strand cDNA by applying the M-MLV 
Reverse Transcriptase (Invitrogen, Carlsbad, CA, 
USA). QRT-PCR was performed to determine 
the levels of PXN-AS1-L in the above tissues 
with SYBR Prime Script RT-PCR Kits (TaKa-
Ra, Hangzhou, Zhejiang, China). Results were 
normalized to the expression of GAPDH. The 
primers used in this study were as follows: PXN-
AS1-L sense, 5’-ACCCATCCTCAACTACCC-3’ 
and reverse, 5’-ACTTCGTCTGTGCCTTCTG-3’; 
GAPDH sense, 5’-GTCAACGGATTTGGTCT-
GTA-3’ and reverse, 5’-AGTCTTCTGGGTGG-
CAGTG-3’. The relative expressions of PXN-
AS1-L were calculated using the 2-ΔΔCt methods. 

Statistical Analysis
All statistical assays were performed apply-

ing the SPSS 16.0 software package (SPSS Inc., 
Chicago, IL, USA). The Student’s t-test was ap-
plied to analyze the differences between the two 
groups. Chi-square tests were used to assess the 
expressions of PXN-AS1-L for correlations with 
several clinicopathological factors. The five-year 
survivals of glioma patients were assessed using 
the Kaplan-Meier methods and their differences 
were determined by log-rank tests. Cox regres-
sion was adopted for univariate and multivariate 
assays of prognosis-related factors. p < 0.05 was 
considered a statistically significant result.

Results

PXN-AS1-L Is Increased In 
Glioma Specimens

First, we collected a total of 177 paired glioma 
tissues and matched normal specimens and per-
formed RT-PCR for the determination of PXN-
AS1-L levels in the above tissues. As shown in 
Figure 1, our data revealed that PXN-AS1-L was 
dramatically down-regulated in glioma speci-
mens compared with matched normal specimens 
(p < 0.01), suggesting that this lncRNA may 
function in glioma progression.

Association Between Higher Levels of 
PXN-AS1-L and the Clinicopathological 
Features of Glioma Patients

To delve into whether dysregulated PXN-
AS1-L influenced clinical progress of glioma, 
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our group divided the 177 NSCLC patients into 
two groups (High-group: n = 87 and Low-group: 
n = 90) based on the median expression level of 
PXN-AS1-L (4.76) in collected gliomas speci-
mens. Then, Chi-square tests were carried out for 
the statistical analysis and the results indicated 
that increased PXN-AS1-L expressions in glioma 
tissues were closely associated with WHO grade 
(p = 0.019), KPS (p = 0.008) and tumor recur-

rence (p = 0.019; Table I). However, no distinct 
differences were observed between PXN-AS1-L 
expressions and other factors (p > 0.05). Thus, 
given that advanced clinical stages and tumor 
recurrences of tumor patients were unfavorable 
prognostic elements, our findings revealed that 
PXN-AS1-L may be a novel regulator in the clin-
ical progression of glioma patients. 

High-Expression Levels of 
PXN-AS1-L Predicts Poor 
Prognosis in Glioma Patients

For further determination of the prognostic 
values of PXN-AS1-L expressions in glioma, 
clinical follow-up of five years was applicable 
for all patients with glioma. Then, we performed 
Kaplan-Meier analysis showing that the overall 
survival rate of glioma patients with high PXN-
AS1-L expressions was substantially lower than 
that of patients with low PXN-AS1-L expressions 
(p = 0.0032, Figure 2). Moreover, we made fur-
ther efforts to explore the prognostic significance 
of PXN-AS1-L in glioma patients by performing 
univariate and multivariate assays. The results 
of univariate assays revealed that WHO grade, 
KPS, tumor recurrence, and high PXN-AS1-L 
were distinctly associated with overall survival 
of glioma patients (all p > 0.05, Table II). More 

Figure 1.Relative expression of PXN-AS1-L in 177 pairs 
of glioma specimens and adjacent normal specimens by 
qRT-PCR.

Table I. Association between PXN-AS1-L expression and different clinicopathological features of human glioma.

                                    PXN‑AS1‑L expression

 Characteristics Total Low High p

Age (y)    0.197
  < 50  93 43 50 
  ≥ 50  84 47 37 
Sex    0.426
  Male 109 58 51 
  Female  68 32 36 
Tumor size (cm)    0.158
  < 5 103 57 46 
  ≥ 5  74 33 41 
Tumor location    0.416
  Supratentorial  95 51 44 
  Subtentorial  82 39 43 
WHO grade    0.019
  I-II 111 64 47 
  III-IV 66 26 40 
KPS     0.008
  < 80  70 27 43 
  ≥ 80 107 63 44 
Tumor recurrence    0.019
  Absent 109 63 46 
  Present 68 27 41 
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importantly, multivariate assays confirmed PXN-
AS1-L (Risk ratio = 2.663, 1.218-4.532, p = 0.014) 
as an independent prognostic factor for glioma 
(Table II).

Discussion

Glioma remains the most aggressive brain tu-
mors in humans. Recent advancement of thera-
peutic strategies resulted in limited improvement 
in the clinical outcome of glioma patients19. Five-
year survival for patients with glioma still de-
pends primarily on early screening20. The devel-
opments of molecular biology provide evidence 
that many tumor-related mRNAs, proteins, or ln-
cRNAs may play critical roles in the progression 
of glioma21,22. For instance, the MGMT promoter 
methylation may be used for the screening of 
glioma23. Structure-specific recognition protein 

1 (SSRP1), a highly expressed factor in glioma, 
was recently reported to have diagnostic and 
prognostic values in glioma patients24. In recent 
years, more and more lncRNAs were identified 
and functionally studied, providing dependable 
evidence that they may become novel cancer 
biomarker for the early diagnosis and prediction 
of clinical outcome in glioma patients25,26. Thus, 
the identification of novel functional lncRNAs 
was necessary for the modification of therapeutic 
methods for the further development of long-term 
survival of glioma patients. 

In recent years, a large number of lncRNAs 
had been identified and some were found to play 
a functional role in many different tumors. In 
glioma, several lncRNAs were reported to be in-
volved in the regulation of glioma by serving as 
oncogenes or tumor promoters, such as lncRNA 
SNHG7 and lncRNA XIST27,28. Recently, a newly 
identified lncRNA, PXN-AS1-L, attracted our 
attention due to their tumor-related in nasopha-
ryngeal carcinoma and lung cancer. Zhang et 
al18 reported that higher levels of PXN-AS1-L in 
lung cancer predicted positively clinical metas-
tasis and shorter overall survival. Functionally, 
knockdown of PXN-AS1-L could suppress the 
proliferation and metastasis of lung cancer cells 
via modualting PXN. In nasopharyngeal carci-
noma, overexpression of PXN-AS1-L was also 
observed. By the use of loss-of-function exper-
iments, PXN-AS1-L was confirmed to promote 
cellular abilities of nasopharyngeal carcinoma 
cells by increasing the levels of SAPCD217. How-
ever, little was known about the relative function 
of PXN-AS1-L in other tumors, including glioma. 

In this study, for the first time, PXN-AS1-L 
was confirmed to be highly expressed in glioma 
tissues by the RT-PCR assays, which was con-
sistent with the expression trend of PXN-AS1-L 
in lung cancer and nasopharyngeal carcinoma. 

Figure 2. Kaplan-Meier curve of overall-survival in 
glioma patients with high PXN-AS1-L level (n = 87) and 
low PXN-AS1-L (n = 90).

Table II. Univariate and multivariate analysis of overall survival in glioma patients.

   Univariate analysis   Multivariate analysis 

 Variables Risk ratio 95% CI p Risk ratio 95% CI p

Age (y) 1.667 0.723-2.317 0.147 – – –
Sex 1.823 0.528-2.442 0.218 – – –
Tumor size 1.563 0.972-2.218 0.101 – – –
Tumor location 1.482 0.923-1.952 0.327 – – –
WHO grade 2.896 1.347-4.829 0.013 2.572 1.288-4.238 0.025
KPS 2.991 1.421-4.562 0.017 2.482 1.219-4.092 0.031
Tumor recurrence 3.128 1.529-5.773 0.003 2.887 1.328-4.562 0.008
PXN-AS1-L expression 2.827 1.428-4.773 0.011 2.663 1.218-4.532 0.014
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Then, the clinical significance of PXN-AS1-L 
was assessed using Chi-square test which re-
vealed that higher levels of PXN-AS1-L were 
correlated with WHO grade, KPS, and tumor 
recurrence, suggesting that this novel identified 
lncRNA may be involved in the regulation of 
clinical progress of glioma. Moreover, our group 
collected survival data with five year follow-up 
and performed Kaplan-Meier methods, finding 
that the 5-year overall survival of high PXN-
AS1-L expression group was distinctly shorter. 
Finally, the results of multivariate assays proved 
that high PXN-AS1-L expression was an indepen-
dent poor prognostic factor, which highlighted 
the potential clinical application of PXN-AS1-L 
used as a novel biomarker. However, due to the 
small number of glioma patients in our assays, 
further experiments with more patients are need-
ed to further confirm our findings. In addition, 
although we provided evidence that PXN-AS1-L 
has a functional influence in clinical progress of 
glioma patients, the potential functional roles of 
PXN-AS1-L and its molecular mechanism in cel-
lular abilities of glioma cells needs to be further 
explored.

Conclusions

We first provided evidence that PXN-AS1-L 
was highly expressed in glioma, and this 
down-regulation was correlated with advanced 
clinical stages and poorer clinical outcome in 
glioma patients. We revealed that PXN-AS1-L 
has potential values serving as a novel biomarker 
for the prediction of disease invasiveness and 
outcome in glioma.
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