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Introduction: Glioma is the most common malignant brain tumor in adults. Radiation is 
a key therapy in glioma. However, the radioresistance of glioma was a big challenge. HLA 
complex P5 (HCP5) has been reported dysregulated in several types of malignant tumor, 
including glioma. The role of HCP5 in the radiosensitivity of glioma is so far unknown. The 
present study aimed to investigate the effect of HCP5 on radiosensitivity in gliomas.
Methods: The levels of HCP5 and microRNA (miR)-128 were detected using qRT-PCR. 
The cell growth curve was used to show the cell proliferation and evaluate the radio-
sensitivity of glioma cells following exposure to X-ray. Senescence-associated β- 
galactosidase (SA-β-Gal) staining was used to test the cellular senescence. Luciferase 
reporter and RNA immunoprecipitation (RIP) assays were performed to determine the 
correlation between HCP5 and miR-128.
Results: HCP5 level of glioma cells was significantly higher than human astrocytes, 
whereas miR-128 level was lower in glioma cells. Besides, the HCP5 expression was 
increased in glioma tissues compared to normal brain tissues (NBTs). Knockdown of 
HCP5 inhibited cell proliferation and increased radiosensitivity in glioma cells. MiR- 
128 was predicted to be a target of HCP5. It was demonstrated that HCP5 directly 
bound to miR-128 and regulated its expression in glioma cells. Furthermore, the effects 
of HCP5 knockdown on radiosensitivity of glioma cells were attenuated by the inhibitor 
of miR-128.
Conclusion: These findings suggested that interaction between lncRNA HCP5 and 
microRNA-128 could regulate the radiosensitivity of glioma cells by intervening in cellular 
senescence. This might be used as the potential radio-sensitization targets for glioma 
therapy.
Keywords: glioma, radiosensitivity, HLA complex P5, microRNA-128, cellular senescence

Introduction
Glioma is the most common primary malignant tumor in the brain all over the 
world.1 The main therapeutic methods for glioma include surgery, radiation, and 
chemotherapy based on temozolomide. Due to the resistance to apoptosis and 
radiation, the prognosis of high-grade glioma remains poor.2,3 Recently, novel 
antiangiogenic therapies such as bevacizumab were used to treat glioma, but it 
could not benefit overall survival in gliomas and the median survival of 
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glioblastoma (GBM) was only 15 months.4 Nowadays it is 
still a challenge for researchers to find novel therapeutic 
strategies for glioma.

Recent studies showed that non-coding RNAs 
(ncRNAs) are very important for the development of 
malignant tumors.5 It is known that ncRNAs lack the 
capacity of protein-coding.6 Basing on their transcription 
size, ncRNAs are divided into two groups: long non- 
coding RNAs (lncRNAs) and small ncRNAs. LncRNAs 
are greater than 200 nucleotides and were reported to be 
associated with many kinds of malignant tumors.7–9 

Recently, the accumulating evidence showed that 
lncRNA expression was aberrant in gliomas, such as 
PVT1,10 ZNF281,11 CASC2,12 TUG1,13 PLAC2,14 

XIST,15 NEAT116 and so on. This indicates that lncRNA 
might be a novel therapeutic target for glioma.

LncRNA histocompatibility leukocyte antigen (HLA) 
complex P5 (HCP5) exists mainly in immune organs, such 
as spleen, blood, and thymus.17 HCP5 has functional rela-
tionships with many other genes within or outside the 
major histocompatibility complex (MHC) genomic region 
that is involved with antigen processing and presentation, 
the interferon regulatory pathway, and epigenomic and 
ceRNA networks.18 It has been reported that HCP5 was 
associated with many human malignant tumors, such as 
cervical cancer,19 prostate cancer,20 bladder cancer,21 thyr-
oid cancer,22,23 breast cancer,24 ovarian cancer25 and hepa-
tocellular carcinoma.26 It is known that HCP5 was 
involved in a series of oncogenic effects in glioma 
cells.27 However, the role of HCP5 in the radiosensitivity 
of glioma remains unclear.

MicroRNAs (miRNAs) are small ncRNAs shorter than 
200 bps. MiRNAs inhibit translation or promote degrada-
tion of target messenger RNA by binding to their 3′- 
untranslated region (3′-UTR).28 The recent studies demon-
strated that miRNA was involved in the development of 
various malignant tumors, including gliomas.29 

MicroRNA-128 (miR-128) is enriched in the brain, 
which has a developmental-specific expression pattern, 
mainly in neurons rather than in atrocities.30 MiR-128 
plays an important role in the development of the nervous 
system and maintains the normal physical functions of the 
brain.31 Our previous study has reported that miR-128 
plays an important role in the proliferation and radiosensi-
tivity of glioblastoma cells by regulating B lymphoma Mo- 
MLV insertion region 1 homolog (Bmi-1).32–34 By the 
bioinformatics online tool Starbase,35 it was predicted 
that miR-128 has putative binding sites with HCP5. 

A recent study has shown that HCP5-miR128 was impor-
tant in anaplastic thyroid cancer.23 However, it is unknown 
that whether HCP5 could regulate miR-128 to affect the 
radiosensitivity of gliomas.

The major aim of this study was to investigate the 
expression of HCP5 and miR-128 in glioma tissues and 
cell lines, and the roles of the interaction between HCP5 
and miR-128 in regulating the radiosensitivity of glioma 
cells.

Materials and Methods
Clinical Specimens
This study was approved by the Ethics Committee of the 
Second Hospital of Shandong University. Glioma samples 
and normal brain tissues were obtained from the Second 
Hospital of Shandong University. Each subject was 
informed that his/her discard tissue would be used for 
scientific research and signed consent forms before sur-
gery. All specimens were immediately frozen in liquid 
nitrogen after surgical resection. According to the WHO 
classification of tumors in the central nervous system 
(2007), glioma tissues were divided into three groups: 
low-grade glioma (LGG, Grade I–II, n = 5), Grade III (n 
= 7), glioblastoma multiforme (GBM, Grade IV, n=8). 
Human normal brain tissues (NBTs) were obtained from 
brain trauma cases as a negative control in the present 
study (n = 5). The study involving clinical samples was 
conducted in accordance with the Declaration of Helsinki.

Public Database and Online Tools
The public data of glioma were obtained from the TCGA 
database, including clinical profiles, survival data and the 
expression of HCP5 and miR-128. The online tool 
Gepia236 was used to analyze the expression of HCP5 in 
gliomas. The Oncolnc database (www.oncolnc.org) was 
used to analyze the survival data of gliomas correlated 
with the expression of HCP5 and miR-128. The online 
bioinformatics tool Starbase (http://starbase.sysu.edu.cn) 
was used to predict the possible miRNA binding site for 
LncRNA HCP5.35

Cell Culture
Glioma cell lines (A172, U87, U251, SHG44) were 
obtained from the National Collection of Authenticated 
Cell Cultures (Shanghai, China), and T98G cells were 
obtained from American Type Culture Collection 
(ATCC; Manassas, VA, USA). A172 and U251 cells 
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were cultured in Dulbecco’S modified eagle medium 
(DMEM; Gibco, Rockville, MD, USA) with 10% fetal 
bovine serum (FBS; GE Healthcare Life Sciences, 
Logan, UT, USA). SHG44 cells were cultured in 
RPMI-1640 medium (Thermo Fisher Scientific, 
Waltham, MA, USA) supplemented with 10% FBS. 
T98G, U87 cells were maintained in Minimum 
Essential Medium (MEM; GE Healthcare Life 
Sciences) with 10% FBS. Normal human astrocytes 
(NHAs) were purchased from Sciencell Research 
Laboratories (Carlsbad, CA, USA) and cultured accord-
ing to the instructions provided by the manufacturer. All 
cells were incubated at 37°C in a humidified atmosphere 
containing 5% CO2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Total RNA was extracted from tissues or cells using Trizol 
reagent (Invitrogen, Carlsbad, CA, USA) by following the 
protocols provided by suppliers. For HCP5, total RNA was 
used to synthesize cDNA using specific primers and High 
Capacity cDNA Reverse Transcription kit (Applied 
Biosystems, Foster City, CA). The PCR amplification 
was conducted using SYBR Green Taq Mix (Takara) on 
a Bio-Rad Real-Time PCR System (Bio-Rad Laboratories, 
Hercules, CA, USA). TaqMan MicroRNA Reverse 
Transcription kit and TaqMan Universal Master Mix II 
(Applied Biosystems) were used to detect miR-128 
expression. Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) and U6 were used as endogenous controls for 
HCP5 and miR-128 expression. For HCP5 PCR cycling 
conditions were as follows: 95°C for 5 min, followed by 
35 cycles of 95°C for 5 s, 60°C for 20 s, 70°C for 10 s. For 
miR-128, reverse transcription was set as follows: 30 
minutes at 16°C, 30 minutes at 42°C, and 5 minutes at 
85°C. PCR conditions were set as follows: 2 minutes at 
50°C, 10 minutes at 95°C, 40 cycles of 15 seconds at 95° 
C, and 1 minute at 60°C. Fold change in gene expression 
was calculated by relative quantification as 2−ΔΔCT. The 
primers used in the present study were as follows: HCP5, 
forward 5′-CCG CTG GTC TCT GGA CAC ATA CT-3′, 
reverse 5′-CTC ACC TGT CGT GGG ATT TTG C-3′; 
miR-128, forward 5′-GGT CAC AGT GAA CCG GTC- 
3′, reverse 5′-GTG CAG GGT CCG AGG T-3′; U6, for-
ward 5’- GCT TCG GCA GCA CAT ATA CTA AAA 
T −3’; reverse 5′-GGA ACG CTT CAC GAA TTT G-3′; 
GAPDH, forward 5′-CAT TGA CCT CAA CTA CAT 

GGT T-3′, reverse 5′-CCA TTG ATG ACA AGC TTC 
CC-3′.

Cell Transfection
The small interfering RNA against HCP5 (si-HCP5) and 
negative control (con-HCP5), miR-128, miR-128 inhibitor 
(anti-miR-128), and control inhibitors (con-anti-miRNA) 
were purchased from GenePharma (Shanghai, China). 
Lipofectamine 2000 (Invitrogen) was used to perform 
transfections according to the manufacturer’s instructions. 
Glioma cells were plated in 24-well plates and cultured 24 
hours before transfection. Cells were harvested or used to 
perform subsequent experiments 48 hours following 
transfection.

Cell Radiation
Glioma cells were continuously incubated following radia-
tion until the experiments were finished. X-ray radiation 
was performed by a linear accelerator source (Elekta, 
Stockholm, Sweden) at a dose rate of 400cGy/min. 
Before radiation, a radiation plan was designed, and the 
accuracy of the X-ray radiation doses was verified by 
a radiation therapy physicist using I’mRT MatriXX 2D- 
ion chamber array (IBA Dosimetry, Schwarzenbruck, 
Germany). According to our previous studies,32–34 the 
dosage of 8 Gy was selected to be used in the present 
study.

Cell Proliferation Assay
Following 48 hours for transfection, glioma cells were 
harvested and re-seeded in 24-well plates at a density of 
5×104 cells per well and immediately exposed to X-ray 
radiation if needed according to the experiment design. 
Every 24 h, the number of cells in three wells was quanti-
fied using a cell counter (Inno-AllianceBiotech, 
Wilmington, DE, USA) and the mean was calculated. 
The results are presented as the mean ±standard error of 
three independent experiments.

Cell Senescence Assay
It is reported that senescent cells express a beta- 
G-galactosidase activity, which is histochemically detect-
able at pH 6.0.37 This activity is termed the senescence- 
associated β-galactosidase (SA-β-Gal). SA-β-Gal can be 
detected by histochemical staining of cells using the arti-
ficial substrate X-gal. SA-β-Gal staining was performed to 
detect the senescence ratio using the SA-β-Gal Kit 
(Beyotime Institute of Biotechnology) following the 

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S301333                                                                                                                                                                                                                       

DovePress                                                                                                                       
3725

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


manufacturer’s instructions. The cells were considered to 
be positive when the cytoplasm was blue color stained 
with SA-β-Gal.

Luciferase Reporter Assay
Fragment of the 3′-untranslated region (UTR) of HCP5 
containing the binding sites of miR-128 was amplified by 
PCR, The mutant type fragment sequences were also pre-
pared. Then the wild type and mutant type fragment of 
HCP5 3’-UTR were separately synthesized and cloned into 
the pmirGLO dual-luciferase vector (Promega, Madison, 
WI), named HCP5-WT and HCP5-MUT, respectively. 
Vectors were transfected into U87 and U251 cells seeded 
in 24-well plates when the confluence reached 60–70%, 
using Lipofectamine 2000 (Invitrogen). Relative luciferase 
activities were measured by the dual-luciferase reporter 
assay system (Promega). Firefly luciferase activity was nor-
malized to renilla luciferase activity for each analysis.

RNA Immunoprecipitation (RIP) Assay
Imprint RNA immunoprecipitation kit (Sigma-Aldrich) was 
used to perform RIP assay according to the manufacturer’s 
recommended protocol. Glioma cells were collected and lysed 
in RIP lysis buffer (Solarbio, Beijing, China). Subsequently, 
the cell lysate was incubated with anti-Argonaute2 (anti- 
Ago2) or anti-IgG control overnight at 4°C. Then the samples 
were incubated with proteinase K and immunoprecipitated 
RNA was isolated. Purified RNA was detected by qRT-PCR.

Statistical Analysis
GraphPad Prism v8.3.0 (GraphPad Software, La Jolla, CA) 
software was used for statistical analysis. All data were 
presented as the mean ± SD from at least three independent 
replicates. Differences between two different groups were 
analyzed using the Student’s t-test. Multiple groups were 
analyzed using one-way ANOVA with Dunnett's post-hoc 
test. Kaplan-Meier curve was used to perform survival 
analysis. Multiply variance analysis was performed to 
investigate the correlation between HCP5 or miR-128 
expression and clinical indicators. Differences were consid-
ered to be statistically significant when p < 0.05.

Results
Expression of LncRNA HCP5 and 
MiR-128 in Glioma Cell Lines and Tissues
The qRT-PCR was performed to investigate the expression 
profile of HCP5 and miR-128 in glioma cell lines (LN229, 

T98G, U87, U251, SHG44), and normal human astrocytes 
(NHAs) was as normal control. The level of HCP5 was 
significantly higher in all glioma cell lines than in NHAs 
(Figure 1A). Meanwhile, the level of miR-128 was down- 
regulated greatly (Figure 1B). We also tested the expres-
sion of HCP5 and miR-128 in clinical samples. The level 
of HCP5 was significantly higher in glioma tissues than 
normal brain tissues (NBTs). In high-grade glioma, includ-
ing grade III glioma and glioblastoma multiforme (GBM), 
the level of HCP5 is high compared to low-grade glioma 
(LGG) (Figure 1C), which suggested that HCP5 expres-
sion was positively correlated with the pathological grade 
of glioma tissues. The results also showed that the level of 
miR-128 in glioma tissues was lower than in NBTs and 
was negatively correlated with the pathological grade of 
glioma (Figure 1D). The typical pathological photographs 
of NBT and gliomas are shown in Figure 1E.

It has been reported that miR-128 expression was 
decreased in glioma tissues compared to adjacent NBTs.38 

To verify the expression profile of lncRNA HCP5 in gliomas, 
we analyzed the data of glioma from the TCGA database by 
an online tool Gepia2. It showed that the level of HCP5 is 
higher in GBM tissues than in NBTs, but there is no signifi-
cant difference between LGG and NBTs. Analyzing the 
subtypes of LGG, the level of HCP5 was higher significantly 
in astrocytoma tissues than in NBTs, and there is no differ-
ence between tumor and NBTs in either oligoastrocytoma or 
oligodendroglioma (Figure 2A). Through analyzing down-
loaded data of gliomas from TCGA (Table 1), it showed that 
the expression of HCP5 and miR-128 was correlated with 
age and IDH1 status. The expression of HCP5 was lower in 
subjects with age ≤50 years than those whose age >50 years. 
The subjects with IDH1 mutant had a lower HCP5 level than 
those without IDH mutant (p<0.0001). The expression of 
miR-128 was also associated with age and IDH1 status 
(p<0.0001). The gender and MGMT status were not corre-
lated with HCP5 or miR-128 expression. Analyzing the data 
of LGG and GBM from the Oncolnc database (www. 
oncolnc.org), the subjects with low HCP5 expression had 
a longer overall survival (OS) than those with high HCP5 
expression in glioma (p<0.0001), which indicates that the 
level of HCP5 was a poor prognostic factor in glioma. In 
LGG, the level of HCP5 was also a poor prognostic factor 
(p<0.0001). However, there is no difference in OS between 
the low and high HCP5 group in GBM (Figure 2B). The 
possible reason was most GBM subjects expressed a higher 
HCP5 level than the LGG subjects (p<0.0001, Figure 2C). 
The prognostic value of miR-128 was also evaluated. 
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Figure 1 Expression of long non-coding RNA histocompatibility leukocyte antigen (HLA) complex P5 (HCP5) and miR-128 in glioma cell lines and human glioma tissues. The 
expression of (A) HCP5 and (B) miR-128 in human normal astrocytes and glioma cell lines. Error bars represent the mean ± SD (n = 5, each group). The expression of (C) 
HCP5 and (D) miR-128 was represented as the mean ± SD. The clinical specimens include normal brain tissues (NBTs, n=5), low-grade glioma (LGG, n = 5), Grade III (n=7) 
and glioblastoma (GBM, n=8). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. (E) The typical pathological photograph of NBT and gliomas (Amplification: 100×).
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Figure 2 Expression level and prognostic value of HCP5 and miR-128 in glioma. The data were from the TCGA database obtained by online tools Starbase and Oncolnc. (A) 
The expression of HCP5 in low-grade glioma (LGG) and glioblastoma multiforme (GBM). Red bars correspond to tumor tissue and the gray ones are non-tumor tissues. (B) 
Overall survival of glioma patients associated with HCP5 expression level. (C) The level of HCP5 in LGG and GBM. (D) Overall survival of glioma patients associated with 
miR-128 expression level. (E)The level of miR-128 in LGG and GBM. *p < 0.05.
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Similarly, a high expression of miR-128 indicated a longer 
OS in all gliomas (p=0.0026) or LGG (p<0.0001) (Figure 
2D). There was no difference in OS between low and high 
miR-128 groups in GBM (Figure 2D) due to the lower level 
of miR-128 in GBM compared to LGG (Figure 2E).

Knockdown of LncRNA HCP5 Increased 
Radiosensitivity of Glioma Cells
To investigate the role of HCP5 in the radiosensitivity of 
gliomas, si-HCP5 was transfected into U251 and U87 cells to 
knock down HCP5. Following 48h for transfection, the level 
of HCP5 was decreased greatly in both U251 and U87 
(Figure 3A). After 8Gy X-ray radiation, the proliferation of 
U251 cells was slower than the 0Gy control group in both the 
con-HCP5 group and the si-HCP5 group (p<0.01). HCP 
knockdown promoted the inhibitory effect of X-ray on 
U251 cells (p<0.01). The same effect was observed in U87 
cells (Figure 3B), which demonstrated that HCP5 knock-
down was associated with increasing radiosensitivity in 
glioma cells. SA-β-gal staining showed that the knockdown 
of HCP5 did not change the percentage of cellular senes-
cence in both U87 and U251. However, it increased the 

cellular senescence in glioma cells following X-ray radiation 
(Figure 3C and D). This indicated that HCP5 knockdown 
might increase the radiosensitivity of glioma cells by promot-
ing cellular senescence.

HCP5 Bound to MiR-128 and 
Down-Regulated Its Expression
The online bioinformatics tool Starbase (http://starbase.sysu. 
edu.cn) was used to predict the possible miRNA binding site 
for LncRNA HCP5.35 The binding site of HCP5 and miR-128 
is shown in Figure 4A. To verify whether HCP5 binds to miR- 
128 and regulates its expression, the miR-128 level was 
detected by qRT-PCR in U251 and U87 glioma cell lines 
following HCP5 knockdown. The result showed that knock-
down of HCP5 increased the level of miR-128 in both U251 
and U87 (Figure 4B). A cloned reporter plasmids containing 
the predicted miR-128 binding site (HCP5-WT or HCP5- 
MUT) was used to investigate whether HCP5 could bind 
functionally with miR-128 using a dual-luciferase reporter 
assay. As shown in Figure 4C, luciferase activity was signifi-
cantly decreased while co-transfecting miR-128 with HCP5- 
WT but not with HCP5-MUT. This indicated that the miR-128 

Table 1 Multivariate Analysis of HCP5 and MiR-128 Expression

n HCP5 Expression (Mean±sd) p value MiR-128 Expression (Mean±sd) p value

Type 647 <0.0001 <0.0001

LGG 501 6.767±1.168 10.20±1.320

GBM 146 8.279±1.317 7.104±0.4959

Gender 647 0.3887 0.3115

Male 366 7.147±1.327 9.439±1.780

Female 281 7.054±1.402 9.580±1.721

Age 647 <0.0001 <0.0001

>50 years 274 7.624±1.411 8.786±1.857

≤50 years 373 6.727±1.187 10.02±1.476

IDH1 status 647 <0.0001 <0.0001

Wild Type 257 7.848±1.441 8.424±1.884

Mutant 390 6.618±1.050 10.21±1.228

MGMT status* 119 0.2053 0.8234

Unmethylated 62 8.421±1.376 7.107±0.5152

Methylated 57 8.086±1.391 7.097±0.4778

Notes: *Only some subjects of GBM have the data of MGMT status.
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Figure 3 HCP5 knockdown increased radiosensitivity in human glioma cell lines. si-HCP5 was transfected into U87 and U251 cells. (A) The expression of HCP5 for 48h 
following si-HCP5 transfection. (B) The effect of HCP5 Knockdown on cell proliferation exposed following radiation. (C) Representative photographs for SA-β-Gal staining. 
(D) The effect of HCP5 Knockdown on cell senescence for 72h following radiation exposure. *p < 0.05, **p < 0.01, ##p < 0.01, ####p < 0.0001.

https://doi.org/10.2147/CMAR.S301333                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 3730

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 4 MiR-128 was down-regulated by HCP5 in glioma cell lines. (A) The predicted binding sites between HCP5 and miR-128. (B) The relative expression of miR-128 
after knockdown HCP5 in glioma cells. Error bars were represented as the mean ± SD (n =5, each group). *p <0.05. (C) The relative luciferase activity was performed by 
dual-luciferase reporter assay. Error bars were represented as the mean ± SD (n = 5, each group). **p < 0.01. (D) qRT-PCR was performed to detect HCP5 and miR-128 in 
the same RNA-induced silencing complex using Ago2 antibody. (n = 5, each group). *** p < 0.001. (E) The correlation of MiR-128 expression and HCP5 expression in 
normal brain tissues (NBTs, n=5), LGG (n=5), Grade III (n=7), and GBM (n=8) tissues. (F) The correlation of MiR-128 expression and HCP5 expression in Glioma from the 
TCGA database. (G) The correlation of MiR-128 expression and HCP5 expression in LGG or GBM from the TCGA database. LGG: n=506; GBM: n=149.
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binding site within HCP5 is functional in glioma cells. Ago2 
antibody was used with RIP assay to verify whether HCP5 and 
miR-128 were in the same RNA-induced silencing complex. 
Compared to the IgG group (control), HCP5 and miR-128 
were captured greatly in the anti-Ago2 group (Figure 4D). In 
25 clinical samples (including NBTs and glioma tissues), the 
level of HCP5 was negatively correlative with the level of 
miR-128 (Figure 4E). Besides, through analyzing the data 
from the TCGA database, it showed that HCP5 expression 
was also negatively correlated with the miR-128 expression in 
glioma tissues (Figure 4F). However, if analyzing the data of 
LGG or GBM respectively, there is no significant correlation 
between the expression of HCP5 and miR-128 (Figure 4G). 
All the above pieces of evidence supported that miR-128 was 
a target of HCP5 in gliomas.

HCP5 Knockdown Inhibited Cell 
Proliferation and Increased 
Radiosensitivity in Glioma Cells by 
Targeting MiR-128
Our previous study has shown that over-expression of miR- 
128 could inhibit the cellular proliferation and increase the 
radiosensitivity of glioma cells through promoting cellular 
senescence.32 To further study whether the effect of HCP5 on 
the radiosensitivity of gliomas was associated with miR-128, 
U251 and U87 cells were co-transfected with si-HCP5 and 
anti-miR-128. Following 48h for co-transfection of si-HCP5 
and anti-miRNA control, the expression of HCP5 was 
decreased significantly. However, in the presence of anti-miR 
-128, the reduction of RNA HCP5 level induced by si-HCP5 
transfection was rescued partially (Figure 5A). Similar changes 
happened to the expression of miR-128. Si-HCP5 increased 
the level of miR-128 by co-transfection with anti-miRNA 
control, and this effect was inhibited in the presence of anti- 
miR-128 (Figure 5B). As shown in the cellular proliferation 
curve (Figure 5C), the knockdown of HCP5 increased the cell 
proliferation and the radiosensitivity in both U251 and U87, 
similar to the previous result (Figure 3B). However, down- 
regulation of miR-128 inhibited the change of cell proliferation 
and radiosensitivity caused by HCP5 knockdown. 
Furthermore, si-HCP5 induced an increase in cellular senes-
cence following X-ray radiation. Co-transfection of si-HCP5 
and anti-miR-128 did not change the percentage of cellular 
senescence caused by radiation (Figure 5D). It concluded that 
lncRNA HCP5 knockdown affects cell proliferation and radio- 
sensitivity by up-regulating miR-128 in gliomas.

Discussion
GBM is the most malignant type of gliomas. The patients 
with GBM have a poor prognosis due to their resistance to 
radiotherapy or chemotherapy.2,39 In our previous study, 
we have demonstrated that glioblastoma cells such as U87 
were resistant to radiation-induced apoptosis. Cellular 
senescence was a possible mechanism for radiation- 
mediated inhibition of glioma cell proliferation.34 This 
involved reactive oxygen species (ROS) and the interac-
tion between miR-128 and Bmi-1.32,33 It provided a novel 
possible target for increasing radiosensitivity of glioma.

Accumulating evidence showed that lncRNAs play 
important roles in a variety of malignant tumors and provide 
novel potential therapeutic targets.40–43 It is known that doz-
ens of lncRNAs were up-regulated or down-regulated in 
gliomas, including lncRNA HCP5.44 LncRNA HCP5, 
located on chromosome 6p21.3, is known that associated 
with many types of malignant tumors (Figure 6A). For 
example, HCP5 was up-regulated in human prostate 
cancer,20 bladder cancer,21 gastric cancer,45 cervical 
cancer,19 including glioma.27 The fold change of HCP5 
expression in glioma tissues was about six times of paired 
normal tissue, which is greater than other tumors (Figure 
6B). That might be a reason for the poor prognosis of 
GBM. The malignant processes associated with HCP5 
involve proliferation, invasion, migration, and epithelial- 
mesenchymal transition. However, the effect of HCP5 on 
radiosensitivity of glioma remains unclear.

In the present study, we showed that expression of the 
lncRNA HCP5 was increased in glioma tissues and cell 
lines, whereas miR-128 was decreased. The HCP5 expres-
sion was positively correlated with the histopathological 
grade in human glioma tissues, which suggested that 
HCP5 may have a predicted value as an oncogene in 
glioma. Basing on the analysis of the public database, 
high-level HCP5 or low-level miR128 was the poor prog-
nostic factor respectively in low-grade glioma. HCP5 or 
miR-128 did not have the prognostic value in GBM, which 
might be because most GBM subjects expressed much 
higher HCP5 as well as much lower miR-128 than LGG 
or NBTs subjects. Considering all types of glioma, the 
level of HCP5 or miR-128 is very valuable in predicting 
the prognosis. Knockdown of HCP5 inhibited cellular 
proliferation, similar to the previous study.27 However, 
the trend increase about cellular senescence did not meet 
the significant difference, indicating the inhibition of cell 
proliferation might involve other pathways such as HCP5- 
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Figure 5 MiR-128 mediated the radio-sensitization effects of HCP5 knockdown on glioma cell lines. Glioma cells were co-transfected with si-HCP5/con-siRNA and anti-miR 
-128/con-anti-miRNA for 48h. The expression of (A) HCP5 and (B) miR-128 for 48h following co-transfection. (C) The effect of co-transfection on cell proliferation 
exposed following radiation. (D) The effect of co-transfection on cell senescence for 72h following radiation. *p < 0.05, **p < 0.01, ####p < 0.0001.
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miR-139-RUNX1.27 Our results showed that HCP5 knock-
down increased cell radio-sensitivity and promoted cellu-
lar senescence in glioma cells.

It is well known that lncRNA act as a competitor for 
endogenous RNA (ceRNA) through binding to microRNA 
response elements competitively to intervene in the functions 

Figure 6 The gene expression profile of HCP5 across all tumor samples and paired normal tissues. (A) The expression profile of HCP5 from Starbase online tools. Each dot 
represent the expression of samples. Tumor name was highlighted by red means HCP5 up-regulation in tumor tissue compared to paired normal tissue, as well as green 
means HCP5 down-regulation. (B) The fold change of HCP5 expression in tumor tissue compared to paired normal tissue. Data were obtained from the TCGA database 
using Starbase online tools.
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of miRNAs and their downstream genes.46–48 The studies have 
demonstrated that HCP549 act as a ceRNA for miR-17-5p, 
miR-140-5p, miR-219a-5p, miR-4656, miR-214-3p, miR- 
186-3p in some malignant tumors.20,50–54 By the bioinfor-
matics tools, we predicted that HCP might be a ceRNA for 
miR-128 in gliomas. To explore the mechanisms about the 
increase of radiosensitivity medicated by HCP5 knockdown, 
we identified miR-128 as a target of HCP5 in glioma cells. 
HCP5 executed its effect on glioma by binding to miR-128. It 
has been confirmed previously that it did functionally down- 
regulated Bmi-1 to promote cellular senescence induced by 
X-ray radiation.32 MiR-128 has been reported to be down- 
regulated significantly in glioma38,55 and was associated with 
the proliferation and self-renewal of glioma stem-like cells.56 

Our previous study also determined that miR-128 targeted 
Bmi-1 to regulate radiosensitivity of glioblastoma cells.32,33 

Consistent with our results, recent reports demonstrated that 
miR-128 inhibited the proliferation of glioma cells by targeting 
E2F3a,57 NEK2,58 GRM1,10 NPTX1,38 RhoE.59 Another 
study showed that miR-128 enhances the chemosensitivity of 
temozolomide in glioblastoma.60 All the evidence supported 
that HCP5/miR-128/Bmi-1 pathway plays an important role in 
regulating the proliferation and radiosensitivity of glioma. Our 
results revealed the role of the interaction between HCP5 and 
miR-128 in glioma, and HCP5 knockdown increased radio-
sensitivity of glioma cells by up-regulating miR-128. The 
studies have reported that miR-128/Bmi-1 is associated with 
proliferation and self-renewal of glioma stem cells.61–63 

Further experiments will be performed to explore whether 
HCP5 affects the stemness of glioma cells through miR-128/ 
Bmi-1 pathway to regulate the proliferation and radiosensitiv-
ity in glioma.

Conclusions
In conclusion, this study highlights the importance of 
the interactions among lncRNA HCP5 and microRNA- 
128 in regulating the radiosensitivity of glioma cells. 
HCP5 down-regulated miR-128 to affect a series of 
downstream target genic effects initiating by miR-128, 
promoting cellular senescence following exposure of 
X-ray radiation in glioma cells. Thus, HCP5/miR-128 
may be used as potential radiosensitization targets for 
the treatment of glioma.
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