
INTERNATIONAL JOURNAL OF MOLEcULAR MEdIcINE  47:  74,  2021

Abstract. A number of studies have verified the vital effects of 
long non‑coding RNAs on the malignant behaviour of retino‑
blastoma (RB). The objective of the present study was to examine 
the specific role and mechanisms of HLA complex P5 (HCP5) 
in RB. For this purpose, reverse transcription‑quantitative 
polymerase chain reaction was used to determine the expres‑
sion of HCP5, microRNA (miRNA/miR)‑3619‑5p and histone 
deacetylase 9 (HDAC9). A 3‑(4,5‑dimethyl‑2‑thiazolyl)‑2,5‑di‑
phenyl‑2‑H‑tetrazolium bromide assay was conducted to 
detect cell viability. Transwell assays were used to evaluate 
the abilities of cell migration and invasion. A mouse tumor 
model was established to explore the functions of HCP5 in 
RB in vivo. The interactions between HCP5, miR‑3619‑5p 
and HDAC9 were confirmed by a dual‑luciferase reporter 
assay. The protein expression of HDAC9 was determined by 
western blot analysis. The results revealed that the expression 
levels of HCP5 and HDAC9 were upregulated, whereas those 
of miR‑3619‑5p were downregulated in RB tissues and cell 
lines. The downregulation of HCP5 or the overexpression of 
miR‑3619‑5p suppressed RB cell proliferation, migration and 
invasion in vitro. Simultaneously, the knockdown of HCP5 
suppressed tumor growth in mice in vivo. In addition, HCP5 
was directly bound to miR‑3619‑5p and inversely correlated 
with miR‑3619‑5p. HDAC9 was found to be a target gene of 
and negatively regulated by miR‑3619‑5p. HCP5 expression 
also positively correlated with HDAC9 expression. Rescue 
experiments revealed that the overexpression of HDAC9 or the 
inhibition of miR‑3619‑5p reversed the inhibition of RB cell 

viability, migration and invasion induced by the knockdown 
of HCP5. On the whole, the present study demonstrates that 
the silencing of HCP5 exerts an anti‑tumor effect in RB by 
sponging miR‑3619‑5p to target HDAC9.

Introduction

Retinoblastoma (RB) is an eye malignancy that affects children 
primarily triggered by mutations in RB genes, the aberrant 
expression of intracellular molecules and by the activation of 
oncogenic pathways during the development of the retina (1‑3). 
Approximately 8,000 children are diagnosed with RB each 
year (4). The clinical symptoms of RB include white pupil‑
lary reflex, conjunctival congestion, vitreous opacity, corneal 
edema, strabismus and increasing intraocular pressure (5,6). 
Currently, focal therapy (laser and cryotherapy), surgery and 
chemotherapy are the major treatment strategies for RB (7,8). 
RB can be cured over time with a graduated‑intensity 
approach based on pathology in developed or even developing 
countries (9‑11). However, the therapeutic effect remains 
unsatisfactory for children with metastatic and/or advanced 
RB (9). Therefore, the development of novel targets at the 
molecular level for RB therapy is crucial.

Long non‑coding RNAs (lncRNAs), a type of non‑coding 
RNA composed of >200 nucleotides, regulate the expression 
of genes by regulating transcription, post‑transcription and 
chromatin modifications (12,13). lncRNAs function as impor‑
tant regulators in the progression of RB (14‑16). For instance, 
the overexpression of lncRNA RB‑associated transcript‑1 can 
accelerate the tumorigenesis of RB (14). The downregulation 
of lncRNA ILF3 antisense RNA 1 and lncRNA LINC00324 
has been shown to suppress the proliferation and invasion of 
RB cells, as well as tumor growth in mice (15,16). lncRNA 
HLA complex P5 (HCP5), a member of the new pseudogene 
family P5 (17), is mainly expressed in the immune system, such 
as in the spleen, blood and thymus (18). HCP5 plays a role in 
the progression of several types of human cancers (19‑21). The 
study by Bai et al indicated that the downregulation of HCP5 
suppressed the viability, migration and invasion of colorectal 
cancer (CRC) cells and impeded the malignant behavior of 
cRc in vivo (19). Wang et al revealed that the knockdown 
of HCP5 exerted an inhibitory effect on the growth and 
metastasis of ovarian cancer (OC) in mice (20). Similarly, 
Yuan et al suggested that the progression of pancreatic cancer 
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was significantly suppressed by the silencing of HCP5 (21). 
Nevertheless, the specific role and potential mechanisms of 
HCP5 in RB are relatively unknown.

The participation of microRNAs (miRNAs or miRs) in 
the pathogenesis of RB has been uncovered (22,23). Wan et al 
reported that miR‑25‑3p exertd a protective effect against RB 
tumorigenesis by dampening the proliferation, migration and 
invasion of RB (22). Li and You demonstrated that miR‑758 
functioned as a suppressor of the metastasis of RB (23). Recent 
studies demonstrated that miR‑3619‑5p played an anti‑tumor 
role in liver cancer and RB (24,25). More importantly, the 
interaction of miR‑3619‑5p with lncRNA LINC00202 has 
been shown to considerably contribute to the suppression of 
the progression of RB (25). It remains unclear however, as to 
whether the inhibitory effect of miR‑3619‑5p in RB tumori‑
genesis is modulated by HCP5.

Histone deacetylase 9 (HDAC9), a member of class II 
HDACs, possesses a conserved domain of HDAC and 
can interact with tissue‑specific transcription factors and 
co‑repressors (26). In recent years, the carcinogenesis of 
HDAC9 in RB has attracted increasing attention (27‑29). Both 
Zhang et al (27) and Xu et al (29) suggested that the down‑
regulation of HDAC9 suppressed the proliferation of RB cells, 
thus, attenuating RB in vitro (27,29). Jin et al revealed that 
the overexpression of HDAC9 reversed the anti‑proliferative 
effect of miR‑101‑3p on RB cells (28). Nevertheless, the inter‑
actions between miR‑3619‑5p and HDAC9, as well as the 
HCP5/miR‑3619‑5p/HDAC9 axis in the progression of RB 
remain relatively unknown.

The present study thus focused on investigating the 
expression and roles of HCP5 and miR‑3619‑5p in RB, and 
on exploring the association between HCP5, miR‑3619‑5p and 
HDAC9 in RB cells. Collectively, the findings of the present 
study may provide a novel target for the treatment of RB.

Materials and methods

Collection of samples. RB tissues and adjacent normal tissues 
in pairs (n=71) were obtained from patients who were diag‑
nosed with RB (unilateral, 51; bilateral, 20) from June, 2017 
to July, 2019 at the Affiliated Hospital of Weifang Medical 
University. Among the patients, 41 lymph node metastases and 
2 distant metastasis cases (1 cerebral spinal fluid and 1 brain) 
were included. The tumor node metastasis (TNM) stage (30), 
intraocular international RB classification (IIRC) stage (31) 
and Reese Ellsworth (RE) stage (32) were used to classify 
RB. The present study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethics Committee 
of the Affiliated Hospital of Weifang Medical University 
[no. 2020(12)]. Written informed consent was obtained from 
all patients, and parental consent was obtained in cases where 
the patient was <18 years old.

Cells and cell culture. A human normal retinal pigmented 
epithelium cell line (APRE‑19) and 4 human RB cell lines 
(Y79, HXO‑RB44, WERI‑Rb‑1 and SO‑RB50) were purchased 
from the American Type Culture Collection (ATCC). 
The ARPE‑19 cells were cultured in Dulbecco's modified 
Eagle's medium (Invitrogen; Thermo Fisher Scientific, Inc.) 
containing 10% fetal bovine serum (FBS; Gibco; Thermo 

Fisher Scientific, Inc.). The Y79, Weri‑RB1, SO‑RB50 and 
HXO‑RB44 cells were cultured in modified Roswell Park 
Memorial Institute‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10% FBS. All cells were incubated 
at 37˚C in a humidified atmosphere with 5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA isolated from the tissues or cells was 
analyzed using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The extracted RNA was reverse transcribed 
into complementary DNA (cDNA) using a Prime‑Script RT 
reagent kit (Takara Biotechnology Co., Ltd.). Subsequently, 
SYBR® Premix Ex Taq™ II (Takara Biotechnology Co., Ltd.) 
was utilized for the amplification of cDNA. The reaction 
conditions were 95˚C for 5 min, 40 cycles of 95˚C for 15 sec, 
60˚C for 20 sec, and 70˚C for 15 sec. The primer sequences 
used in the present study are listed in Table I. The relative 
expression of HCP5, miR‑3619‑5p and HDAC9 was calculated 
using the 2‑ΔΔCq method (33). The endogenous controls were 
U6 and GAPDH.

Cell transfection. Short hairpin (sh) RNA against HCP5 
(sh‑HCP5), sh‑negative control (sh‑NC), miR‑NC and 
miR‑3619‑5p mimics, as well as miR‑3619‑5p inhibitor, 
pcDNA‑HDAC9, pcDNA‑MS2, pBobi‑MS2‑GFP and 
pcDNA‑HCP5‑MS2 were purchased from Guangzhou 
RiboBio Co., Ltd. sh‑HCP5 or sh‑NC were firstly cloned 
into a lentiviral vector. These factors (all, 50 nM) were 
then transfected into Y79 and/or HXO‑RB44 cells using 
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Then, 48 h after transfection, the cells were harvested 
for further experiments.

Target prediction. The target miRNAs of HCP5 were predicted 
using StarBase v2.0 software (http://starbase.sysu.edu.cn). 
A total of 8 miRNAs (miR‑3681‑3p, miR‑29b‑3p, miR‑520a‑5p, 
miR‑3619‑5p, miR‑216a‑3p, miR‑20b‑5p, miR‑128‑3p, and 
miR‑4701‑5p) were selected for verification via RNA immu‑
noprecipitation (RIP) assay. Similarly, the target genes of 
miR‑3619‑5p were also predicted using StarBase v2.0 soft‑
ware. HDAC9 was selected due to its important role in RB.

RIP assay. pcDNA‑MS2, pBobi‑MS2‑GFP and pcDNA‑
HCP5‑MS2 were transfected into the Y79 or HXO‑RB44 cells. 
The RIP assay was performed with anti‑GFP antibody (1:5,000; 
ab6673, Abcam), as well as a MagnaRIP RNA‑Binding Protein 
Immunoprecipitation kit (EMD Millipore). The expression of 
the aforementioned miRNAs was detected by RT‑qPCR.

Dual luciferase reporter (DLR) assay. The 3'‑UTR frag‑
ment of HCP5, including the predicted or mutated binding 
site for miR‑3619‑5p, was introduced into psiCHECK2 
(Promega Corporation) to establish HCP5 wild‑type (wt) or 
HCP5 mutant‑type (mut). Similarly, the 3'‑UTR sequence 
of HDAC9 containing the predicted or mutated binding site 
for miR‑3619‑5p was inserted into psiCHECK2 (Promega 
Corporation) to construct HDAC9 wt or mut. For reporter 
assays, one of the above‑mentioned vectors (80 ng) along with 
miR‑3619‑5p mimics or miR‑NC (50 nM) were co‑transfected 
into the Y79 and HXO‑RB44 cells using Lipofectamine 3000 
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(Invitrogen; Thermo Fisher Scientific, Inc.). Following trans‑
fection for 48 h, relative luciferase activity was examined using 
a DLR assay System (Promega Corporation). The activity of 
Firefly luciferase was normalized to that of Renilla luciferase.

3‑(4,5‑Dimethyl‑2‑thiazolyl)‑2,5‑diphenyl‑2‑H‑tetrazolium 
bromide (MTT) assay. The transfected cells were plated into 
96‑well plates at a density of 5,000 cells/well and cultured 
for 48 h at 37˚C. MTT reagent (20 µl; Sigma‑Aldrich; Merck 
KGaA) was then added to each well at different time points 
(24, 48, 72 and 96 h) followed by incubation for 4 h at 37˚C. 
After discarding the medium, 150 µl of dimethyl sulfoxide 
(Sigma‑Aldrich; Merck KGaA) were added to each well. The 
optical density was measured at 490 nM using an enzyme 
immunoassay instrument (Bio‑Tek Instruments, Inc.).

Cell migration and invasion assays. The 24‑well Transwell 
chambers (8 µM pore size; BD Biosciences) coated with 
Matrigel (BD Biosciences) were used to evaluate cell inva‑
sion. Cells (1x105) were resuspended in 200 µl of serum‑free 
medium and then plated into the upper chambers of each 
Transwell apparatus. A total of 600 µl of medium containing 
10% FBS was added to the lower chambers followed by 
incubation at 37˚C for 48 h. Subsequently, the cells in the 
upper chambers were wiped off using a cotton swab, and 
those adhering to the lower chambers were fixed with 
4% paraformaldehyde and stained with 0.5% crystal violet 
(TCI chemicals) at 37˚C for 30 min. Stained cells were imaged 
using an inverted light microscope (Olympus Corporation) 
and analyzed using ImageJ software [version 1.46, National 
Institutes of Health (NIH)].

Table I. Primer sequences used for RT‑qPCR in the present study.

Gene Forward Reverse

HCP5 5'‑CCGCTGGTCTCTGGACACATACT‑3' 5'‑CTCACCTGTCGTGGGATTTTGC‑3'
miR‑3619‑5p 5'‑UCAGCAGGCAGGCUGGUGCAGC‑3' 5'‑GCUGCACCAGCCUGCCUGCUGA‑3'
HDAC9 5'‑ATGGTTTCACAGCAACGCATT‑3' 5'‑ACCTTGCCTAAGCGTCTGC‑3'
GAPDH 5'‑GGAGCGAGATCCCTCCAAAAT‑3' 5'‑GGCTGTTGTCATACTTCTCATGG‑3'
U6 5'‑TCCGATCGTGAAGCGTTC‑3' 5'‑GTGCAGGGTCCGAGGT‑3'

Figure 1. lncRNA HCP5 is highly expressed in retinoblastoma tissues and cells. (A) Relative expression of HCP5 in tumor tissues and adjacent normal tissues 
was determined by RT‑qPCR. **P<0.01, vs. adjacent normal tissues. (B) Relative expression of HCP5 in tumors at TNM stage I/II and III/IV was determined 
by RT‑qPCR. **P<0.01, vs. TNM stage I/II. (C) Relative expression of HCP5 in IIRC stage A/B/C and IIRC stage D/E was determined by RT‑qPCR. **P<0.01, 
vs. IIRC stage A/B/C. (D) Relative expression of HCP5 in RE stage I/II/III and RE stage IV/V was determined by RT‑qPCR. **P<0.01, vs. RE stage I/II/III. 
(E) Relative expression of HCP5 in ARPE‑19, Y79, HXO‑RB44, WERI‑Rb‑1 and SO‑RB50 cells was determined by RT‑qPCR. **P<0.01, vs. ARPE‑19 cells. 
The experiments were performed in triplicate and repeated 3 times. Data are presented as the means ± standard deviation (SD). TNM, tumor node metastasis; 
IIRC, intraocular international retinoblastoma classification; RE, Reese Ellsworth.
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For the cell migration assay, the procedure was similar 
to the cell invasion assay, except that the 24‑well Transwell 
chambers were not pre‑coated with Matrigel.

Western blot analysis. Total protein was extracted from the 
transfected Y9 and/or HXO‑RB44 cells using RIPA lysis 
buffer (Beyotime Institute of Biotechnology). The protein 
concentration was detected using the BCA Protein Assay kit 
(Abcam). Proteins were separated by 10% sodium dodecyl 
sulphate‑polyacrylamide gel electrophoresis and transferred 
onto polyvinylidene fluoride membranes (MilliporeSigma). 
The membranes were then blocked with 5% non‑fat milk 
for 2 h followed by incubation with the primary antibodies 
anti‑HDAC9 (1:1,000; ab109446, Abcam) and anti‑GAPDH 
(1:1,000; ab9485, Abcam) overnight at 4˚C. Tris‑buffered 
saline Tween‑20 was then used to wash the membranes 
3 times. Subsequently, HRP‑conjugated anti‑rabbit IgG 
secondary antibody (1:5,000; ab205718, Abcam) was added 
followed by incubation for 1 h at 37˚C. Finally, protein bands 

were visualized using an enhanced chemiluminescence 
system (Thermo Fisher Scientific, Inc.). The relative protein 
expression over GAPDH was quantified using Alpha Innotech 
imaging software (ProteinSimple).

Xenograf t tumor model. Female BALB/c nude mice 
(4‑5 weeks of age, weighing 20‑25 g) were obtained from 
the Shanghai Laboratory Animal Centre (Shanghai, China). 
All mice were housed under controlled conditions (25˚C, 
50% humidity, 12 h light/dark cycle) and were provided with 
free access to food and water. Subsequently, the mice were 
randomly divided into the 2 following groups: The sh‑NC 
group (n=5) and the sh‑HCP5 group (n=5). sh‑HCP5 or 
sh‑NC were integrated into a lentiviral vector and transfected 
into the Y79 cells. Furthermore, the transfected Y79 cells 
(2x106 cells/100 µl, s.c.) were injected into the right flanks of 
the nude mice. Tumor volumes were measured every other 
week using the following formula: (A x B2)/2, (A, the longest 
diameter; B, the shortest diameter). After 4 weeks, the mice 

Table II. Clinical parameters of the patients with retinoblastoma included in the present study.

 HCP5 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Total Low (n=35) High (n=36) P‑value

Age    0.540
  <3 years 40 21 19 
  ≥3 years 31 14 17 
Sex    0.124
  Male 32 19 13 
  Female 39 16 23 
Tumor size (mm)    0.546
  <10 38 20 18 
  ≥10 33 15 18 
TNM stage    0.003b

  I/II  28 20 8 
  III/IV 43 15 28 
Lymph node metastasis    0.043a

  No 30 19 11 
  Yes 41 16 25 
distant metastasis    
  No 69 35 34 0.157
  Yes 2 0 2 
Laterality    0.131
  Unilateral 51 28 23 
  Bilateral 20 7 13 
IIRC stage    0.009b

  A/B/C 24 17 7 
  D/E 47 18 29 
RE stage    0.024a

  I/II/III 31 20 11 
  IV/V 40 15 25 

aP<0.05, bP<0.01. TNM, tumor node metastasis; IIRC, Intraocular International Retinoblastoma classification; RE, Reese Ellsworth.
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were anaesthetized with pentobarbital sodium (50 mg/kg) 
and euthanized by cervical dislocation. The tumor xeno‑
grafts were separated from the mice and weighed. The 
animal experiments were approved by the Ethics Committee 

of the Affiliated Hospital of Weifang Medical University 
[no. 2020(12)] and were performed in accordance with the 
institutional guide for the care and use of laboratory animals 
(National Institutes of Health).

Figure 2. Silencing of lncRNA HCP5 suppresses the viability, migration and invasion of retinoblastoma cells. (A) Following transfection with short hairpin 
(sh)‑HCP5 and sh‑negative control (sh‑NC), the relative expression of HCP5 in Y79 and HXO‑RB44 cells was detected by RT‑qPCR. **P<0.01, vs. sh‑NC. 
(B) Following transfection with sh‑HCP5 and sh‑NC, the viability of Y79 and HXO‑RB44 cells was detected MTT assay. *P<0.05, **P<0.01, vs. sh‑NC. 
(C) Following transfection with sh‑HCP5 and sh‑NC, the relative migration of Y79 and HXO‑RB44 cells was detected by Transwell assay; magnification, 
x400; scale bar, 100 µm; **P<0.01, vs. sh‑NC. (D) Following transfection with sh‑HCP5 and sh‑NC, the relative invasion of Y79 and HXO‑RB44 cells was 
detected by Transwell assay; magnification, x400; scale bar, 100 µm; **P<0.01, vs. sh‑NC. The in vitro experiments were performed in triplicate and repeated 
3 times. Data are presented as the means ± standard deviation (SD). HCP5, HLA complex P5.
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Statistical analysis. In vitro experiments were performed 
in triplicate, and each experiment was repeated 3 times. 
In vivo experiments were performed using 5 mice per group. 
Statistical analyses were performed using SPSS Statistics 
22.0. The Student's t‑test was used for comparisons between 
2 groups (paired t‑test for the data in Figs. 1A, 4E, and 6C; 
unpaired t‑test for the data in Figs. 1B, C, D, 2C, D, 3A, C, 4D, 
5C, D and 6F). One‑way ANOVA was used to assess differ‑
ences among multiple groups, followed by Tukey's post hoc 
test. Pearson's correlation analysis was used to determine the 
correlation between HCP5 and miR‑3619‑5p expression, as 
well as that between miR‑3619‑5p and HDAC9, and HDAC9 
and HCP5 expression in RB tissues. Data are presented as the 
means ± standard deviation (SD). The Chi‑squared test was 
used to analyze the categorical data presented in Table II. 
Statistically significant differences were regarded as those 
with values of P<0.05.

Results

lncRNA HCP5 is highly expressed in RB tissues and cells. 
First, the expression of HCP5 was determined by RT‑qPCR 
and it was found that the expression of HCP5 in the tumor 
tissues was distinctly increased compared to that in adja‑
cent tissues (P<0.01; Fig. 1A). Subsequently, the association 
between HCP5 expression and the pathological features of 
RB cases was analyzed. It was found that a high and low 
expression of HCP5 exhibited significant differences in TNM 

stage (P=0.003), lymph node metastasis (P=0.043), IIRC stage 
(P=0.009) and RE stage (P=0.024) (Table II). As illustrated 
in Fig. 1B‑D, an increased expression of HCP5 was observed 
in TNM stage III/IV, IIRC stage D/E and RE stage IV/V 
(P<0.01), compared to TNM stage I/II, IIRC stage A/C and RE 
stage I/II/III, respectively. The expression of HCP5 was also 
determined in RB cells and an elevated expression of HCP5 
was found in the Rb cell lines (Y79, HXO‑RB44, WERI‑Rb‑1 
and SO‑RB50) (P<0.01; Fig. 1E). In addition, a relatively higher 
expression of HCP5 was found in the HOX‑RB44 and Y79 cell 
lines among the 4 RB cell lines. Therefore, the HOX‑RB44 
and Y79 cells were used in the following experiments.

Silencing of lncRNA HCP5 suppresses the viability, migration 
and invasion of RB cells. To explore the function of HCP5 
in RB cells, the transfection efficiency of sh‑HCP5 in both 
the HXO‑RB44 and Y79 cell lines was initially detected. 
Transfection with sh‑HCP5 markedly reduced the expres‑
sion of HCP5 (all P<0.01; Fig. 2A). Subsequently, functional 
experiments were conducted on HCP5. MTT assay revealed 
that transfection with sh‑HCP5 led to a notable decrease in the 
viability of the HXO‑RB44 and Y79 cells (P<0.05; Fig. 2B). 
Additionally, the relative migration and invasion of the Y79 
and HXO‑RB44 cells were reduced by the knockdown of 
HCP5 (all P<0.01; Fig. 2C and D).

Silencing of lncRNA HCP5 suppresses the growth of tumor 
xenografts in vivo. The expression of HCP5 in mouse tissues 

Figure 3. Silencing of lncRNA HCP5 suppresses the growth of tumor xenografts in vivo. (A) The expression of HCP5 in mouse tissues was detected by 
RT‑qPCR. **P<0.01, vs. sh‑NC. (B) Image of solid tumors after the injection of sh‑HCP5 or sh‑NC. (C) Weight of tumor xenografts after the injection of 
sh‑HCP5 or sh‑NC. **P<0.01, vs. sh‑NC. (D) Volume of tumor xenografts after the injection of sh‑HCP5 or sh‑NC. **P<0.01, vs. sh‑NC. The in vivo experiments 
were performed in 5 mice in each group. Data are presented as the means ± standard deviation (SD). HCP5, HLA complex P5.
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was also determined. The results of RT‑qPCR demonstrated that 
HCP5 expression was decreased by the injection of sh‑HCP5 
(P<0.01, Fig. 3A). The effect of sh‑HCP5 on tumor xenografts 
was then examined. As illustrated in Fig. 3B‑D, it was found that 
tumor weight in the sh‑HCP5 group was lower than that in the 
sh‑NC group, and the tumor volume was markedly decreased 
by sh‑HCP5 on the 28th day after the injection in mice (P<0.01).

HCP5 serves as a competing endogenous RNA for miR‑3619‑5p. 
To explore the regulatory mechanisms of HCP5 in RB, the 
target miRNAs of HCP5 were predicated using StarBase 
v2.0 software. RIP assay was performed to verify 8 selected 
miRNAs. As shown in Fig. 4A, the Y79 and HXO‑RB44 cells 
in the MS2‑HCP5 group were enriched with miR‑29b‑3p, 
miR‑3619‑5p and miR‑128‑3p compared with the MS2 group. 
Among these 3 miRNAs, miR‑3619‑5p was selected due to its 
relatively high enrichment with HCP5. The predicted binding 
site of HCP5 and miR‑3619‑5p is shown in Fig. 4B. DLR assay 
further revealed that the relative luciferase activity of the 
Y79 and HXO‑RB44 cells co‑transfected with HCP5 wt and 

miR‑3619‑5p mimics was conspicuously lower than that of the 
Y79 and HXO‑RB44 cells co‑transfected with HCP5 wt and 
miR‑NC (all P<0.01; Fig. 4C). Subsequently, the effect of HCP5 
on miR‑3619‑5p expression was examined and it was observed 
that the expression of miR‑3619‑5p increased following the 
downregulation of HCP5 in the Y79 and HXO‑RB44 cells (all 
P<0.01; Fig. 4D). Moreover, miR‑3619‑5p expression in tumor 
tissues was diminished in comparison with adjacent normal 
tissues (P<0.01; Fig. 4E). A negative correlation was validated 
between HCP5 and miR‑3619‑5p in RB tissues using Pearson's 
correlation analysis (P=0.004, r=‑0.3372; Fig. 4F).

Overexpression of miR‑3619‑5p inhibits the viability, migration 
and invasion of RB cells. Accordingly, the role of miR‑3619‑5p 
in RB cells was explored; miR‑3619‑5p mimics and inhibitors 
were transfected into RB cells. As was expected, miR‑3619‑5p 
expression increased by the addition of miR‑3619‑5p mimics, 
whereas it was decreased by transfection with miR‑3619‑5p 
inhibitor in the HXO‑RB44 and Y79 cells (all P<0.01; Fig. 5A). 
Importantly, it was discovered that the overexpression of 

Figure 4. HCP5 serves as a competing endogenous RNA for miR‑3619‑5p. (A) RIP assay was used for assessing miRNAs associated with HCP5. **P<0.01, 
vs. MS2. (B) The binding sequence between HCP5 and miR‑3619‑5p was predicted using StarBase (http://starbase.sysu.edu.cn/). (C) The interaction between 
HCP5 and miR‑3619‑5p in Y79 and HXO‑RB44 cells was validated by DLR assay. **P<0.01, vs. miR‑negative control (NC). (D) Following transfection with 
sh‑HCP5 and sh‑NC, the relative expression of miR‑3619‑5p was detected by RT‑qPCR in Y79 and HXO‑RB44 cells. **P<0.01, vs. sh‑NC. (E) Relative expres‑
sion of miR‑3619‑5p in tumor tissues and adjacent normal tissues was detected by RT‑qPCR. **P<0.01, vs. adjacent normal tissues. (F) The correlation between 
HCP5 and miR‑3619‑5p in retinoblastoma tissues was analyzed by Pearson's correlation analysis. P=0.004; r=‑0.3372. The experiments were performed in 
triplicate and repeated 3 times. Data are presented as the means ± standard deviation (SD). HCP5, HLA complex P5; DLR, dual luciferase reporter.
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miR‑3619‑5p caused a decrease in the viability of the Y79 and 
HXO‑RB44 cells (all P<0.01; Fig. 5B). Moreover, the overex‑
pression of miR‑3619‑5p suppressed the migration and invasion 
of the Y79 and HXO‑RB44 cells (all P<0.01; Fig. 5C and D).

Identification of HDAC9 as a target gene of miR‑3619‑5p. To 
elucidate the mechanisms of miR‑3619‑5p in the progression 
of RB, the target gene of miR‑3619‑5p was predicted using 
StarBase v2.0 software and it was found that miR‑3619‑5p 

Figure 5. Overexpression of miR‑3619‑5p inhibits the viability, migration and invasion in retinoblastoma cells. (A) Following transfection with miR‑3619‑5p 
mimics/miR‑negative control (NC) or miR‑3619‑5p inhibitor/inhibitor NC, the relative expression of miR‑3619‑5p was detected by RT‑qPCR. **P<0.01, 
vs. miR‑NC. (B) Following transfection with miR‑3619‑5p mimics and miR‑NC, cell viability was determined by MTT assay in Y79 and HXO‑RB44 cells. 
**P<0.01, vs. miR‑NC. (C) Following transfection with miR‑3619‑5p mimics and miR‑NC, the relative migration of Y79 and HXO‑RB44 cells was determined 
by Transwell assay; magnification, x400; scale bar, 100 µm; **P<0.01, vs. miR‑NC. (D) Following transfection with miR‑3619‑5p mimics and miR‑NC, the rela‑
tive invasion of Y79 and HXO‑RB44 cells was detected by Transwell assay; magnification, x400; scale bar, 100 µm; **P<0.01, vs. miR‑NC. The experiments 
were performed in triplicate and repeated 3 times. Data are presented as the means ± standard deviation (SD).
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shared a complementary binding sequence at the 3‑UTR with 
HDAC9 (Fig. 6A). Furthermore, the DLR assay verified that 
transfection with miR‑3619‑5p mimics markedly reduced the 
luciferase activity of the HDAC9 wt vector compared with that 
of miR‑NC, whereas it did not exert any significant effect on 
the luciferase activity of the HDAC9 mut vector in the Y79 and 
HXO‑RB44 cells (all P<0.01; Fig. 6B). Simultaneously, it was 
discovered that HDAC9 expression was markedly increased in 
tumor tissues in contrast to adjacent normal tissues (P<0.01; 

Fig. 6C). Pearson's correlation analysis demonstrated that 
HDAC9 expression negatively correlated with miR‑3619‑5p 
expression (r=‑0.3909), and HDAC9 expression positively 
correlated with HCP5 expression in RB tissues (r=0.3376; all 
P<0.01; Fig. 6D and E). The regulatory association between 
miR‑3619‑5p and HDAC9 was then examined, and it was 
observed that the relative protein expression of HDAC9 was 
reduced by the upregulation of miR‑3619‑5p in the Y79 and 
HXO‑RB44 cells (all P<0.01; Fig. 6F).

Figure 6. HDAC9 was targeted by miR‑3619‑5p. (A) The binding sites between HDAC9 and miR‑3619‑5p were predicted using StarBase (http://starbase.sysu.
edu.cn/). (B) DLR assay was used to confirm the targeting association between HDAC9 and miR‑3619‑5p in Y79 and HXO‑RB44 cells. **P<0.01, vs. miR‑nega‑
tive control (NC). (C) Relative expression of HDAC9 in tumor tissues and adjacent normal tissues was detected by RT‑qPCR. **P<0.01, vs. adjacent normal 
tissues. (D) The correlation between HDAC9 and miR‑3619‑5p in retinoblastoma tissues was analyzed by Pearson's correlation analysis. P<0.01; r=‑0.3909. 
(E) The correlation between HDAC9 and HCP in retinoblastoma tissues was analyzed by Pearson's correlation analysis. P<0.01; r=0.3376. (F) Relative expres‑
sion of HDAC9 in Y79 and HXO‑RB44 cells was detected by RT‑qPCR following transfection with miR‑3619‑5p mimics or miR‑NC. **P<0.01, vs. miR‑NC. 
The experiments were performed in triplicate and repeated 3 times. Data are presented as the means ± standard deviation (SD). HCP5, HLA complex P5; 
HDAC9, histone deacetylase 9; DLR, dual luciferase reporter.
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lncRNA HCP5 suppresses RB cell viability, migration 
and invasion by sponging miR‑3619‑5p to target HDAC9. 
Subsequently, Y79 cells with a relatively high expression 
of HCP5 were used to perform rescue experiments. To 
investigate whether HCP5 affects RB cells by regulating the 
miR‑3619‑5p/HDAC9 axis, HDAC9 was first overexpressed 
in Y79 cells. As shown in Fig. 7A, HDAC9 expression was 
markedly upregulated by transfection with pcDNA‑HDAC9 
in the Y79 cells (P<0.01). Furthermore, rescue assays were 
performed. MTT assay revealed that cell viability was 
reduced by transfection with sh‑HCP5, while the addition 
of miR‑3619‑5p inhibitor or pcDNA‑HDAC9 reversed the 
sh‑HCP5‑mediated decrease in the viability of Y79 cells (all 
P<0.01; Fig. 7B). Transwell assays indicated that sh‑HCP5 
suppressed the migration and invasion of Y79 cells, whereas 
the suppressive effects of sh‑HCP5 on the migratory and 
invasive abilities were partially eliminated by miR‑3619‑5p 

inhibitor or pcDNA‑HDAC9 in the Y79 cells (all P<0.01; 
Fig. 7C and D).

Discussion

RB is an eye malignant tumor that mainly affects children (8). 
The abnormal expression of lncRNA HCP5 plays a clini‑
cally predictive role in tumorigenesis in a number of types of 
cancer (34‑36). For example, HCP5 expression is higher in 
cervical cancer tissues than in paracancerous tissues, which 
is negatively associated with the survival rate of patients with 
cervical cancer (34). The upregulation of HCP5 has been 
observed in prostate cancer, eventually resulting in tumor 
metastasis (35). Increased HCP5 levels have also been found 
in oral squamous cell carcinoma, and it has been shown to 
be significantly associated with lymph node metastasis and 
an advanced TNM stage (36). In the present study, it was 

Figure 7. lncRNA HCP5 suppresses cell viability, migration and invasion by sponging miR‑3619‑5p to target HDAC9. (A) The protein expression of HDAC9 
in Y79 cells was detected by western blot analysis. **P<0.01, vs. pcDNA‑negative control (NC). (B) Cell viability was determined by MTT assay in Y79 cells. 
**P<0.01, vs. short hairpin (sh)‑NC; ##P<0.01, vs. sh‑HCP5. (C) Relative migration of Y79 cells was determined by Transwell assay. Magnification, x400; 
scale bar, 100 µm; **P<0.01, vs. sh‑NC; ##P<0.01, vs. sh‑HCP5. (D) Relative invasion of Y79 cells was detected by Transwell assay. Magnification, x400; 
scale bar, 100 µm; **P<0.01, vs. sh‑NC; ##P<0.01, vs. sh‑HCP5. The experiments were performed in triplicate and repeated 3 times. Data are presented as the 
means ± standard deviation (SD). HCP5, HLA complex P5; HDAC9, histone deacetylase 9.
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discovered that HCP5 was upregulated in RB tissues and cells 
compared to the controls. Concurrently, it was found that a high 
expression of HCP5 was closely associated with TNM stage 
and lymph node metastasis. In addition, strong associations 
were identified between enhanced HCP5 and IIRC stage/RE 
stage, suggesting that HCP5 may be an onco‑lncRNA in RB.

HCP5 plays a vital role in the cellular processes of 
several human cancers (19,20,37). Wang et al revealed that 
the downregulation of HCP5 suppressed the proliferation of 
triple‑negative breast cancer (TNBC) cells in vitro and the 
tumor growth of TNBC in vivo (37). Bai et al indicated that 
HCP5 silencing suppressed the progression of CRC in vivo (19). 
Wang et al demonstrated that the knockdown of HCP5 greatly 
contributed to the inhibition of the proliferation, migration and 
invasion of OC cells (20). In the present study, the proliferation, 
migration and invasion of RB cells, as well as the growth of 
tumor xenografts were suppressed by HCP5 downregulation. 
Based on these results, it can be conjectured that the silencing 
of HCP5 acts as a suppressor in the progression of Rb.

miR‑3619‑5p plays an anti‑tumor role in the malignancy 
of several cancers (38,39). For instance, miR‑3619‑5p is 
minimally expressed in non‑small cell lung cancer (NSCLC) 
tissues, whereas the overexpression of miR‑3619‑5p suppresses 
the growth and invasion of NSCLC cells in vitro (38). A 
high expression of miR‑3619‑5p suppresses the proliferation, 
migration and invasion of breast cancer cells (39). In the 
present study, a decreased miR‑3619‑5p expression was 
identified in RB tissues, and the upregulation of miR‑3619‑5p 
exerted suppressive effects on the proliferation and metas‑
tasis of RB cells. A recent study by Yan et al revealed that 
the proliferation, migration and invasion of RB cells were 
impeded by transfection with miR‑3619‑5p mimics (25). These 
results suggest that miR‑3619‑5p may also be function as an 
anti‑tumor miRNA in RB. In addition, miR‑3619‑5p interacts 
with lncRNAs and is involved in cancer progression, such as 
LINC00202‑miR‑3619‑5p in RB (25), DGCR5‑miR‑3619‑5p 
in gallbladder cancer (40) and PVT1‑miR‑3619‑5p in gastric 
cancer (41). We hypothesised that the anti‑tumour function of 
miR‑3619‑5p in RB may also be regulated by HCP5. Herein, 
miR‑3619‑5p was initially identified as a target of and was 
negatively modulated by HCP5. The results of the present study 
demonstrated that the reduction of the proliferation and metas‑
tasis of Y79 cells transfected with sh‑HCP5 was reversed by 
transfection with miR‑3619‑5p inhibitor. These results suggest 
that the silencing of HCP5 attenuates RB carcinogenicity by 
interacting with miR‑3619‑5p.

In recent years, increasing attention has been paid to 
the involvement of HDAC9 in the pathological process of 
RB (27,29). Xu et al suggested that HDAC9 expression was 
increased in RB tissues, and its downregulation inhibited 
the proliferation, migration and invasion of RB cells (29). In 
addition, Zhang et al confirmed that the silencing of HDAC9 
suppressed the proliferation of RB cells in vitro (27). Consistent 
with these studies, an increased expression of HDAC9 was 
identified in the present study, indicating the oncogenicity of 
HDAC9 in RB. Simultaneously, it was found that HDAC9 was 
a target gene of and was negatively regulated by miR‑3619‑5p, 
and a positive correlation was observed between HDAC9 and 
HCP5 expression in RB tissues. Therefore, it was demon‑
strated miR‑3619‑5p is involved in the tumorigenesis of Rb 

through regulation by HCP5. It was further hypothesized that 
HDAC9 may also be modulated by HCP5 to play a role in the 
progression of Rb. Feedback verification experiments revealed 
that the inhibitory effects of HCP5 knockdown on the prolif‑
eration, migration and invasion of Y79 cells were reversed by 
HDAC9 overexpression, which confirmed this hypothesis. It 
was concluded that the downregulation of HCP5 suppressed 
the progression of Rb by sponging miR‑3619‑5p and regulating 
HDAC9. However, there may be a limitation in to the presents 
tudy. Only one Rb cell line (Y79) was used to perform the 
feedback verification experiments, and further experiments 
using other cell lines are required to validate this conclusion.

In conclusion, the present study demonstrates that HCP5 acts 
as an endogenous sponge of miR‑3619‑5p to regulate HDAC9. 
The knockdown of HCP5 mitigates the progression of RB by 
regulating the miR‑3619‑5p/HDAC9 axis. Overall, the present 
study provides perspectives for novel therapeutic targets for RB.
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