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Abstract. A large number of pseudogenes as well as long 
non‑coding RNAs (lncRNAs) have been identified as impor-
tant regulators in human tumors. However, the clinical role and 
potential functional effects of the double homeobox A pseudo-
gene 8 (DUXAP8) in glioma remains unknown. In the present 
study, it was revealed that pseudogene DUXAP8 is signifi-
cantly upregulated in glioma tissues, compared with adjacent 
normal tissues. Patients with increased DUXAP8 expression 
were associated with higher Karnofsky Performance Status, 
advanced World Health Organization grade, poor disease-free 
survival and overall survival rates of patients with glioma. 
Furthermore, in vitro assays, Cell-Counting Kit-8 cell viability 
and cell colony forming assays demonstrated that reduced 
DUXAP8 expression significantly suppressed proliferation 
capacity. Therefore, the results of the present study indicate 
that pseudogene DUXAP8 is an oncogenic lncRNA and may 
serve as a potentially prognostic biomarker and novel target of 
glioma treatment.

Introduction

Glioma is the most malignant and incurable brain tumor 
with a poor outcome globally (1). Despite advances in stan- (1). Despite advances in stan-(1). Despite advances in stan-
dard therapy, including surgical resection, radiotherapy and 
chemotherapy, the 5-year survival rate remains dismal (2,3). 
Therefore, identifying novel diagnostic and prognostic makers 
is essential.

Pseudogenes were initially regarded as non-functional 
genomic fossils resulting from inactivating gene mutations 
during evolution (�). Pseudogene-derived RNAs serve multifac- (�). Pseudogene-derived RNAs serve multifac-(�). Pseudogene-derived RNAs serve multifac-
eted roles, including post‑transcriptional regulation identified 
as antisense RNAs, endogenous small-interference RNAs and 

competing endogenous RNAs (5,6). Previous studies revealed 
that peudogenes exhibit multilayered biological functions in 
multiple cellular processes, including proliferation, migration 
and invasion, in numerous tumor types (5,7). For instance, 
small ubiquitin‑like modifier 1 pseudogene 3 (SUMO1P3) had 
a significantly increased expression in gastric cancer, and its 
expression was significantly associated with tumor size, differ-
entiation, lymphatic metastasis and invasion (8). Increased 
expression of SUMO1P3 predicts poor prognosis and promotes 
tumor growth and metastasis in bladder cancer (9). Zinc finger 
protein 91 pseudogene promotes the migration of BXPC-3-H 
cells and may be a novel marker for early diagnosis for pancre-
atic cancer (10). DUXAP8 is identified to act as an oncogene 
in non-small cell lung cancer (NSCLC) and promotes NSCLC 
progression (11). In gastric cancer, DUXAP8 could epigeneti- (11). In gastric cancer, DUXAP8 could epigeneti-(11). In gastric cancer, DUXAP8 could epigeneti-
cally suppress the expression of pleckstrin homology domain 
containing O1 and enhance proliferation and migration (12). 
However, the role of pseudogene DUXAP8 in glioma 
progression remains unknown.

In the present study, it was revealed that pseudogene 
DUXAP8 is significantly upregulated in glioma tissues. 
Patients with increased DUXAP8 expression levels demon-
strated poor survival rate, implying that DUXAP8 was a 
prognostic marker for patients with glioma. It was further 
demonstrated that knockdown of DUXAP8 suppressed prolif-
eration. Therefore, the results of the present study indicated 
that pseudogene DUXAP8 may be a potential prognostic 
biomarker and target of glioma treatment.

Materials and methods

Patient tissue samples. A total of 58 paired of human glioma 
tissues and adjacent normal tissue sample were collected 
from patients including 3� males and 23 females (age range, 
31-72 years; median, 52.22 years), who were undergoing 
surgical resection at the Department of Neurosurgery, The 
Second Hospital of Shandong University (Jinan, China) 
between January 2011 and December 201�. The adjacent 
normal brain tissue was defined as 1 cm away from the lesions. 
None of the patients receive treatment, including radiation or 
chemotherapy, prior to surgery. The patients with glioma were 
classified as World Health Organization (WHO) I, II, III and 
IV stage, according to a previous report (13). The tissue samples 
were snap-frozen in liquid nitrogen immediately following 
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resection and stored at ‑80˚C. The follow‑up date was between 
March 2012 and January 2017. The follow‑up date was between 
the date of the primary surgery and relapse, patient mortality 
or the late follow-up date prior to mortality. The study was 
approved by the Ethics Committee of The Second Hospital of 
Shandong University (Jinan, China). Written informed consent 
was obtained from all patients in the study.

Cell lines culture. Human glioma U87 (U‑87MG Uppsala), 
U251 (U‑251 MG) and H4 cell lines, and normal human 
astrocyte NHA cells, were purchased from The Institute of 
Biochemistry and Cell Biology, Chinese Academy of Sciences 
(Shanghai, China). All of cells were cultured in Dulbecco's 
modified Eagle's medium (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and supplemented with 10% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) in a 
humidified incubator at 37˚C containing 5% CO2.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted from tissue 
samples using TRIzol® reagent (Takara Biotechnology 
Co., Ltd., Dalian, China). RNA integrity was analyzed by 
using a NanoDrop ND-1000 spectrophotometer (NanoDrop 
Technologies; Thermo Fisher Scientific, Inc.). RNA was 
reversed transcribed to cDNA with a PrimeScript® RT reagent 
kit (Takara Biotechnology Co., Ltd.), according to the manu-
facturer's protocols. The RT-qPCR reaction was performed on 
a CFX-96 Real-Time PCR system (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) with SYBR® Premix Ex Taq™ II (Takara 
Biotechnology Co., Ltd.), according to the manufacturer's 
protocols. The thermocycling conditions were as follows: 
Denaturation at 95˚C for 5 min followed by 35 cycles of dena-
turation at 95˚C for 15 sec, and annealing/elongation at 60˚C 
for 30 sec. The results were normalized to the expression of 
GAPDH. The primer sequences for DUXAP8 (Access number: 
NR_122113.1) are as follows: DUXAP8-forward: 5'-GAG AAG 
CAG TGG TGG GTT CC-3', and DUXAP8-reverse: 5'-GAG 
CAA CAC AGA TGA ACC GC-3'. GAPDH-forward: 5'-GGG 
AGC CAA AAG GGT CAT-3', and GAPDH-reverse: 5'-GAG 
TCC TTC CAC GAT ACC AA-3'. The mRNA expression fold 
changes were calculated using the 2-ΔΔCq methods (1�).

Cell transfection. A total of 2 small interfering (si)RNAs 
targeting DUXAP8 (si-RNA-1, sense: 5'-UUU AGA CCC AUU 
CUC GUA UGG AGG U-3', and antisense: 5'-ACC UCC AUA 
CGA GAA UGG GUC UAA A-3'; siRNA-2, sense: 5'-CAG CAU 
ACU UCA AAU UCA CAG CAA A-3', and antisense 5'-UUU 
GCU GUG AAU UUG AAG UAU GCU G-3') and scrambled 
negative control siRNA (si-NC; 5'-UUC UCC GAA CGU GUC 
ACG UTT-3') were purchased from Invitrogen (Thermo Fisher 
Scientific, Inc.). The U87 and U251 cells were transfected with 
si-NC (100 nM), si‑RNA‑1 (100 nM) or siRNA‑2 (100 nM) 
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocols. 
Following cell transfection for �8 h, the cells were harvested 
for RT-qPCR analysis of mRNA expression.

Cell Counting Kit‑8 (CCK‑8) proliferation assay. The trans-
fected cells (3x103 cells/well) were seeded in 96-well culture 
plates and incubated with 10 µl CCK-8 (Beyotime Institute 

of Biotechnology, Shanghai, China) reagent per well at 37˚C 
for 2 h. Proliferation ability was detected at the selected time 
points (0, 1, 2 and 3 days following seeding). The optical 
density was determined at a wavelength of �50 nm.

Cell colony formation assay. The transfected cells 
(1,000 cells/well) were seeded in a 12-well plate. Following 
1� days incubation at 37˚C, cell colonies were counted under a 
light microscope (magnification, x200) following fixing with 
100% methanol and 0.1% crystal violet staining for 20 min at 
room temperature.

Statistical analysis. All of statistical analyses in the 
study were performed using SPSS 19.0 software (IBM 
Corp., Armonk, NY, USA). Data are presented as the 
mean ± standard deviation from at least three independent 
experiments. Difference between two groups was assessed 
by paired Student's t-test, χ2 test as appropriate and differ-
ences between multiple groups was analyzed with one-way 
analysis of variance with a post hoc Student-Newman-Keuls 
test. The survival plots were calculated by the Kaplan‑Meier 
method and log-rank test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

DUXAP8 expression is upregulated in human glioma 
tissues. The expression of DUXAP8 in glioma tissues, 
compared with that in normal tissues, was analyzed. The 
data revealed that DUXAP8 expression was significantly 
upregulated in glioma tissues, compared with that in normal 
tissues (Fig. 1A; P<0.05). Similarly, the data also revealed 
that DUXAP8 expression was significantly upregulated 
in glioma cells (U87, U251 and H� cells), compared with 
normal NHA cells (Fig. 1B; P<0.05). Therefore, these results 
indicated that DUXAP8 expression is upregulated in human 
glioma tissues and cells.

Upregulation of DUXAP8 expression is associated with 
Karnofsky Performance Status (KPS), WHO grade and poor 
prognosis of glioma. Furthermore, the mean expression of 
DUXAP8 (2.35 fold) was used as a cut-off value to divide 
patients into two groups: High DUXAP8 expression and low 
DUXAP8 expression, with the mean expression of DUXAP8 
assigned to the high expression group. The clinicopathological 
characteristics are presented in Table I. The association of 
DUXAP8 expression with the clinicopathological character-
istics was analyzed using χ2 test. The results indicated that 
increased DUXAP8 expression was significantly associated 
with higher KPS (P=0.00�) and advanced WHO grade 
(P=0.001) in patients (Table I). However, no significant 
association with sex, age and tumor size was indicated 
(Table I; P>0.05). The survival plots were calculated by the 
Kaplan‑Meier methods and log‑rank test. The results indicated 
that increased DUXAP8 expression predicted poor disease-free 
survival (DFS; log rank test=12.55�; P<0.05) and overall 
survival (OS; log rank test=13.37�; P<0.05) rates, compared 
with reduced DUXAP8 expression groups (Fig. 2A and B). 
Therefore, these results indicated that DUXAP8 may be a 
predictor of glioma.
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Knockdown of DUXAP8 expression suppresses prolif‑
eration of glioma. To examine the biological effects of 
DUXAP8 expression, a CCK8 assay and cell colony forma-
tion assay were performed following DUXAP8 siRNA 
treatment. According to knockdown efficiency in U87 
and U251 cells, siRNA-1 was selected for the following 
experiments (Fig. 3A and B). The CCK8-assay results 
indicated that DUXAP8‑knockdown significantly inhibits 
proliferation, compared with the control groups, in U87 
and U251 cells (Fig. 3C and D). Furthermore, the results of 
colony-formation assays revealed that the clonogenic number 

is significantly decreased following DUXAP8‑knockdown 
in U87 and U251 cells (Fig. �A-D). Therefore, these 
results indicated that DUXAP8-knockdown suppresses the 
proliferation of glioma.

Discussion

Pseudogenes were long identified to be non‑functional relics 
littering the genome (15). Previous studies revealed that the 
involvement of pseudogenes in the pathogenesis and progres-
sion of tumors, including the OCT� pseudogene POU class 5 

Figure 1. DUXAP8 expression is upregulated in glioma tissues and cells. (A) DUXAP8 expression was detected in 58 paired of human glioma tissues and 
adjacent normal tissue sample. GAPDH was used as the internal control. (B) DUXAP8 expression was detected in human glioma U87, U251 and H� cell 
lines, compared with normal human astrocyte NHA cells. GAPDH was used as the internal control. **P<0.01 and *P<0.05 vs. NHA cells. DUXAP8, double 
homeobox A pseudogene 8.

Table I. Association between DUXAP8 expression and clinical features.

 DUXAP8 expression
 -----------------------------------------------------------------
Clinical features Total cases, n=58 Low, n=30 High, n=28 P-value

Sex    0.�55
  Male 36 20 16 
  Female 22 10 12 
Age (years)    0.300
  ≤55 31 18 13 
  >55 27 12 15 
Tumor size (cm)    0.771
  ≤3 32 16 16 
  >3 26 1� 12 
Tumor location    0.�57
  Parenchyma �0 22 18 
  Ventricle 18 8 10 
Karnofsky performance statusb    0.00�a

  ≤80 32 22 10 
  >80 26 8 18 
WHO gradeb     0.011a

  I-II 3� 22 12 
  III-IV 2� 8 16

aP<0.05. bAccording to (13). WHO, World Health Organization; DUXAP8, double homeobox A pseudogene 8.
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Figure 3. Reduced DUXAP8 expression inhibits proliferation ability. The DUXAP8 expression in (A) U87 cells and (B) U251 cells was detected following 
transfection of cells with si-NC or si-RNA-1 at �8 h with CCK8 cell assays. The results of the CCK8 assays following transfection of (C) U87 cells and 
(D) U251 cells with si-NC or si-RNA-1 at �8 h. *P<0.05, compared with si-NC. DUXAP8, double homeobox A pseudogene 8; si, small interfering; NC, negative 
control; OD, optical density; Cell-Counting Kit 8.

Figure �. Reduced DUXAP8 expression inhibits cell colony formation ability. The cell colony assays and cell number following transfection of (A) U87 cells 
and (B) U251 cells with si-NC or si-RNA-1 at 1� days. The cell colony assays and cell number following transfection of (C) U87 cells and (D) U251 cells with 
si-NC or si-RNA-1 at 1� days. *P<0.05, compared with si-NC. DUXAP8, double homeobox A pseudogene 8; si, small interfering; NC, negative control.

Figure 2. DUXAP8 expression is associated with prognosis of patients with glioma. (A) Increased DUXAP8 expression was associated with poor DFS rate, 
compared with reduced DUXAP8 expression in patients with glioma. Log rank test, P<0.05. (B) Increased DUXAP8 expression associated with poor OS rate, 
compared with reduced DUXAP8 expression in patients with glioma. Log rank test, P<0.05. DUXAP8, double homeobox A pseudogene 8; DFS, disease-free 
survival; OS, overall survival.
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homeobox 1, amplify and promote an aggressive phenotype in 
gastric cancer (8,16). SUMO 1 pseudogene 3 was significantly 
upregulated in gastric cancer and was significantly associ-
ated with tumor size, differentiation, lymphatic metastasis 
and invasion (8). In the present study, it was revealed that 
DUXAP8 expression was significantly upregulated in glioma 
tissues and cells, compared with that in normal tissues and 
NHA cells. Increased DUXAP8 expression was significantly 
associated with higher KPS scores and advanced WHO grade 
in patients. Furthermore, the survival curves were calculated 
by the Kaplan‑Meier method and log‑rank test. The results of 
the present study indicated that increased DUXAP8 expres-
sion revealed a poor outcome of patients, compared with 
reduced DUXAP8 expression groups. Therefore, these results 
indicated that DUXAP8 may be served as a potential predictor 
of glioma.

Pseudogene DUXAP8 was revealed to regulate tumor 
progression in numerous tumors. For instance, the pseudo-
gene DUXAP8 promotes non-small-cell lung cancer cell 
proliferation, and invasion by epigenetically silencing early 
growth response 1 and Ras homolog family member B (11). 
Pseudogene DUXAP8 was significantly associated with 
overall survival time of patients with renal cell carcinoma 
(RCC), and the knockdown of DUXAP8 may impair RCC 
cells invasive ability in vitro (17). Increased DUXAP8 
promoted cell proliferation and invasion through epige-
netically silencing pleckstrin homology domain contain O1 
expression by binding with enhancer of zeste 2 polycomb 
repressive complex 2 subunit and SUZ12, polycomb repres-
sive complex 2 subunit in gastric cancer cells (12). The 
present study demonstrated that knockdown of DUXAP8 
expression inhibits the proliferation and cell colony forma-
tion ability, which indicated that DUXAP8 expression affects 
the proliferation ability in glioma cells. Therefore, these 
results indicated that DUXAP8 is involved in biological 
functions of glioma.

In conclusion, the results of the present study first 
revealed that DUXAP8 expression is significantly upregu-
lated in glioma tissues and cells. Increased DUXAP8 
expression predicted a poor survival rate. Additionally, 
DUXAP8‑knockdown significantly inhibited proliferation 
in glioma. These results indicated for the first time, to the 
best of our knowledge, that pseudogene DUXAP8 may be a 
potential biomarker and target of tumor treatment in glioma. 
Future studies should investigate the molecular mechanism 
for DUXAP8 in glioma progression.
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