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Abstract. Aberrant expression of long noncoding RNAs 
(lncRNAs) has been demonstrated in human cancers and 
regulates the malignant behavior of cancer cells. Previous 
studies demonstrated the critical involvement of lncRNA 
histocompatibility leukocyte antigen (HLA) complex P5 
(HCP5) in the development of cancers, however, the func-
tion of HCP5 in prostate cancer has not been reported. In the 
present study, we found the overexpressed expression of HCP5 
in prostate cancer tissues and cell lines via RT‑qPCR analysis. 
High expression of HCP5 was positively correlated with the 
metastasis of prostate cancer. Downregulation of HCP5 inhib-
ited the proliferation, colony formation and induced apoptosis 
of prostate cancer cells. Functional experiments demonstrated 
that HCP5 acted as a competing endogenous RNA (ceRNA) to 
sponge miR‑4656. Ectopic expression of HCP5 decreased the 
expression of miR‑4656 in prostate cancer cells. MiR‑4656 
was found to be decreased in prostate cancer tissues and was 
negatively correlated with the expression of HCP5. Further 
luciferase reporter assay revealed that miR‑4656 was able to 
bind the 3'‑untranslated region (3'‑UTR) of the cell migration 
inducing hyaluronidase 1 (CEMIP) and suppressed the expres-
sion of CEMIP. Consistent with the negative regulation of 
miR‑4656 by HCP5, western blot analysis uncovered that over-
expression of HCP5 upregulated the abundance of CEMIP in 
prostate cancer cells. The CCK‑8 assay showed that depletion 
of CEMIP significantly inhibited the HCP5‑promoted prolif-
eration of prostate cancer cells. Collectively, our data provide 
a novel mechanism by which HCP5 regulates the progression 
of prostate cancer.

Introduction

Prostate cancer is the most commonly diagnosed cancer 
in males and is also the leading cause of cancer‑associated 
mortality among males (1,2). Even though remarkable prog-
ress has been made in the treatment of prostate cancer, most 
patients are diagnosed with middle‑ or late‑stage disease, which 
leads to disease progression and a poor prognosis (3). Currently, 
androgen‑deprivation therapy is widely used in the treatment 
of prostate cancer (4‑6); however, many patients develop drug 
resistance which contributes to a high male mortality rate. 
Therefore, there is an urgent need to identify novel regulators 
involved in modulating the progression of prostate cancer and 
to design more effective therapeutic strategies.

Long non‑coding RNAs (lncRNAs) are a class of RNAs 
processing more than 200 nucleotides without protein‑coding 
capacity  (7). Increasing evidence suggests that lncRNAs 
play important roles in a variety of biological processes via 
diverse mechanisms, including chromatin regulation, alterna-
tive splicing and epigenetic control (8‑10). Notably, previous 
studies have uncovered that lncRNAs act as competing endog-
enous RNA (ceRNAs) to sponge the function of microRNAs 
(miRNAs) (11,12). miRNAs are characterized as a group of 
small (~18‑22 nt), single‑stranded, non‑coding RNAs (13,14). It 
is well documented that miRNAs negatively regulate the gene 
expression via binding the 3'‑untranslated region (3'‑UTR) of 
target mRNAs, which results in the degradation or translation 
inhibition of mRNAs (15,16). As important regulators of gene 
expression, both lncRNAs and miRNAs are widely involved 
in tumorigenesis  (17‑19). For example, lncRNA PVT1 was 
found to function as a ceRNA to regulate the expression of 
HIF1α via sponging miR‑186 in gastric cancer (20). In prostate 
cancer, lncRNA HOTTIP was found to promote the prolif-
eration and migration of prostate caner cells via sponging 
miR‑216a‑5p  (21). Additionally, lncRNA RNCR3 was 
demonstrated to enhance the progression of prostate cancer by 
targeting miR‑185‑5p (22). These results highlight the critical 
roles of lncRNAs in regulating the growth of cancer cells by 
acting as ceRNAs.

lncRNA histocompatibility leukocyte antigen (HLA) 
complex P5 (HCP5) is primarily detected in immune cells, 
including spleen, blood and thymus (23). In addition to its 
function in autoimmunity, aberrant expression of HCP5 has 
been found in human cancers (24). A recent study reported 
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that HCP5 is upregulated in glioma tissues (25). HCP5 was 
found to modulate the proliferation, migration and invasion of 
glioma cells via binding to miR‑139 and to increase the expres-
sion of Runt1 (25). Additionally, HCP5 was found to promote 
the progression of cervical cancer by regulating MACC1 by 
suppressing miR‑15a (24). The HCP5 region was also identi-
fied as the susceptibility locus for HCV‑related hepatocellular 
carcinoma (26). However, the function of HCP5 in prostate 
cancer remains uncharacterized.

In the present study, HCP5 was found to be highly expressed 
in prostate cancer. Mechanistically, HCP5 was found to 
promote the proliferation of prostate cancer cells via sponging 
miR‑4656 to upregulate the expression of CEMIP. Our results 
provide novel insight into clarifying the critical function of 
HCP5 in regulating the progression of prostate cancer.

Materials and methods

Tissue samples. Fifty paired prostate cancer tissues and 
corresponding normal tissues were collected from patients 
(47‑78 years of age) who were diagnosed with prostate cancer 
and underwent surgery at The People's Hospital of Hanchuan 
City from August 2012 to May 2014. The samples were reviewed 
by three pathologists independently. None of the patients were 
administered local or systemic treatment prior to surgery. 
Informed consent was provided by all of the enrolled patients, 
and the study was approved by the Ethics Committee of The 
People's Hospital of Hanchuan City (accession no. LL2017014).

Cells and transfection. The prostate cancer cell lines PC3, 
Du145, PPC‑1 and C4‑2 were purchased from the Institute 
of Biochemistry (Shanghai, China). The PPC‑1 cell line was 
authenticated with the STR profile. Cells were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.), 100 mg/ml streptomycin and 
200 U/ml penicillin. The nontumorigenic human prostate 
epithelial cell line 9 (NHP9) was maintained in PrEBM 
medium (Clonetics) containing insulin, hydrocortisone, 
epidermal growth factor and bovine pituitary extract. Cells 
were maintained in an incubator at  37˚C with 5% CO2. 
For the overexpression of HCP5, the full‑length of HCP5 
was constructed into the pcDNA vector. miR‑4656 mimics 
(UGG​GCU​GAG​GGC​AGG​AGG​CCU​GU; HMI1647) and 
control‑miRNA (GGU​UCG​UAC​GUA​CAC​UGU​UCA; 
HMC0002) (both from Sigma‑Aldrich; Merck KGaA) were 
transfected (10,000 cells) at the concentration of 25 µM 
with Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) for 15 min at room temperature (RT). After 
transfection for 48 h, the cells were harvested for further 
analysis. shRNA‑HCP5 (0.5 µg) (CCG​GGA​TCT​ATT​ACC​
TGT​GCC​TGG​ACT​CGA​GTC​CAG​GCA​CAG​GTA​ATA​GAT​
CTT​TTT​TG; SHCNV‑NM_006674; Sigma‑Aldrich; Merck 
KGaA) or control‑shRNA (CCT​AAG​GTT​AAG​TCG​CCC​
TCG​CTC​GAG​CGA​GGG​CGA​CTT​AAC​CTT​AGG; #1864, 
Addgene, USA) were transfected into cells (10,000) with 
Lipofectamine 2000 for 48 h.

RNA extraction and RT‑qPCR analysis. Total RNA from 
the tissue samples or cells was isolated using Trizol reagent 

(Takara, Dalian, China). RNA (1 µg) from each sample was 
used to synthesize the cDNA using the PrimeScript RT Master 
Mix (Takara, Dalian, China). Quantitative PCR was performed 
to detect the expression of HCP5 with the One‑step SYBR 
PrimeScript RT‑PCR kit (Takara) on the Applied Biosystem 
7900 Fast Real‑Time PCR System (Thermo Fisher Scientific, 
Inc.). The level of HCP5 was normalized to that of GAPDH. 
Primers used in this assay were listed as below: HCP5, 
forward, 5'‑CCG​CTG​GTC​TCT​GGA​CAC​ATA​CT‑3' and 
reverse, 5'‑CTC​ACC​TGT​CGT​GGG​ATT​TTG​C‑3'; GAPDH, 
forward, 5'‑GTC​GGT​GTG​AAC​GGA​TTT​G‑3' and reverse, 
5'‑AAG​ATG​GTG​ATG​GGC​TTC​C‑3'. The PCR protocol was 
set as 95˚C for 10 min; 40 cycles at 95˚C for 10 sec and 60˚C 
for 1 min. Relative gene expression of HCP5 was calculated 
using the 2‑ΔΔCq method (27).

Western blot analysis. Prostate cancer cells transfected 
with the corresponding expression vector were harvested 
and lysed with RIPA buffer (Beyotime, Shanghai, China). 
Samples were certificated at 10,000 x g for 10 min at 4˚C. 
The supernatant was collected and the protein concentration 
was quantified with the BCA kit (Bio‑Rad). Protein (20 µg) 
was separately by 15% SDS‑PAGE and then transferred onto 
PVDF membranes (EMD Millipore). After blocking with 5% 
nonfat milk, the membranes were incubated with the primary 
antibody against CEMIP (1:2,000 dilution; XY2112901; 
XYbscience, Shanghai, China), GAPDH (1:3,000 dilution; 
ab9485; Abcam, Shanghai, China), Snail (1:1,000 dilution; 
ab229701; Abcam, Shanghai, China), VEGF (1:1,000 dilution; 
AV202; Beyotime, Shanghai, China), E‑cadherin (1:5,000 
dilution; 20874‑1‑AP; Proteintech Group, Wuhan, China) 
overnight at  4˚C, followed by HRP‑conjugated secondary 
antibody [rabbit anti‑mouse IgG H&L (HRP), 1:5,000 dilution; 
ab6728; Abcam; Shanghai, China; Goat anti‑Rabbit IgG H&L 
(HRP), 1:5,000 dilution; ab6721; Abcam; Shanghai, China] for 
2 h at RT. The protein signal was visualized with enhanced 
chemiluminescence reagent (Bio‑Rad).

Cell counting Kit‑8 (CCK‑8) assay. Cell proliferation was 
measured with the CCK‑8 assay (Dojindo, Tokyo, China) 
according to the manufacturer's instructions. Briefly, cells 
transfected with the corresponding expression vector were 
seeded in a 96‑well plate in triplicate at the density of 
1,000 cells per well. CCK‑8 reagent (10 µl) was added into the 
cells at the time point of 1, 2, 3, 4 and 5 days and incubated 
at 37˚C for a further 3 h. The absorbance of each well at 450 nm 
was measured using a microplate reader (Bio‑Rad, IQ, USA).

Targes prediction. The binding between HCP5 and miR‑4656 
was predicted with the RNA22 version 2.0 (https://cm.jefferson.
edu/rna22). The targets of miR‑4656 were predicted using the 
miRDB database (28).

Luciferase reporter assay. To detect the binding between 
HCP5 and miR‑4656, the wild‑type (WT) or mutant (Mut) 
HCP5 sequences harboring the predicted binding site of 
miR‑4656 were constructed into the pGL3 reporter vector 
(Promega). Similarly, to examine the binding for miR‑4656 
and CEMIP, the WT or Mut 3'‑UTR of CEMIP was inserted 
into the pGL3 reporter vector. Cells cultured in a 96‑well plate 



ONCOLOGY REPORTS  43:  328-336,  2020330

were transfected with the indicated expressing vectors with 
Lipofectamine 2000. After transfection for 48 h, cells were 
harvested and the luciferase activity was measured using the 
Dual‑Luciferase Reporter Assay Kit (Promega) according to 
the manufacturer's instructions. The assay was performed in 
triplicate.

Cell apoptosis. PC‑3 and PPC‑1 cells were transfected with 
shRNA‑control or shRNA‑HCP5 for 48 h. The percentage 
of apoptotic cells was determined using the Annexin  V‑​
fluorescein‑5‑isothiocyanate (FITC) Apoptosis Detection kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. Cells were collected and washed 
twice with pre‑cold PBS. The cell pellets were resuspended 
with Annexin V binding buffer. Cell resuspension (100 µl) 
(~10,000 cells) was used and stained with FITC‑Annexin V 
and propidium iodide for 15  min at RT in darkness. The 
cell apoptosis rate was analyzed with the Becton Dickinson 
FACScan instrument (BD Pharmingen™, USA).

Xenograft mouse model. Both PC3 and PPC‑1 cells (1x106) 
harboring the lentivirus vector of the shRNA‑control or 
shRNA‑HCP5 were injected subcutaneously into the flank of 
nude mice (BALB/c, 5‑6 weeks of age, female, 23‑26 g; N=6 
per group) and left to grow for three weeks. All mice were main-
tained in a specific pathogen‑free (SPF) barrier condition with 
controlled temperature (25±2˚C), relative humidity (60±5%), 
and 12‑h light/dark cycle with free access to food and water. 
The tumor size was measured every three days according to 
the ethical IACUC guidelines. After that, mice were sacrificed 
by cervical dislocation and the tumor weight was measured. 
This experiment was approved by the Animal Research 
Ethics Committee of The People's Hospital of Hanchuan City. 
All animals were handled following the ‘Guide for the Care 
and Use of Laboratory Animals’ and the ‘Principles for the 
Utilization and Care of Vertebrate Animals’ (29).

Statistical analysis. Data are presented as mean ± standard 
deviation (SD) and were analyzed with SPSS 13.0 (SPSS, 
Inc.). The comparison between two groups was analyzed by 
the Student's t‑test. Comparisons among multiple groups were 
analyzed with ANOVA followed by a post hoc test. Spearman's 
rank‑order correlation was applied to the correlation analysis. 
The r‑value indicates the strength and direction of the corre-
lation between the two variables. P<0.05 was considered as 
indicative of a statistically significant difference.

Results

HCP5 is upregulated in prostate cancer tissues. To validate 
the expression of HCP5 in prostate cancer, the level of HCP5 
was analyzed in paired prostate cancer tissues and non‑tumor 
tissues by RT‑qPCR. The result showed that HCP5 was 
significantly upregulated in prostate cancer tissues compared 
to that noted in the adjacent normal tissues (Fig. 1A). Notably, 
increased expression of HCP5 was positively correlated with 
the metastasis of prostate cancer patients (Fig. 1B). The result 
showed that HCP overexpression was linked to relative poor 
progression of prostate cancer patients. To support these data, 
the expression of HCP5 in prostate cancer cell lines including 

PC3, Du145, PPC‑1 and C4‑2 and normal control cell line 
NHP9 was detected. As presented in Fig. 1C, overexpression 
of HCP was observed in all the prostate cancer cell lines when 
compared with the expression noted in the normal cells. These 
results demonstrate the high expression of HCP5 in prostate 
cancer.

Downregulation of HCP5 inhibits the proliferation and colony 
formation and induces the apoptosis of prostate cancer cells. To 
investigate the effect of HCP5 on the growth of prostate cancer 
cells, HCP5 was downregulated by transfection of shRNA‑HCP5 
into PPC‑1 and PC3 cells. RT‑qPCR assay was performed to 
confirm the knockdown efficiency, which showed that HCP5 
expression was significantly reduced after the transfection of 
shRNA‑HCP5 (Fig. 2A). The influence of HCP5 silencing on the 
growth of prostate cancer cells was evaluated with the CCK‑8 
assay. As indicated in Fig. 2B and C, the OD values were signifi-
cantly decreased with the depletion of HCP5 in both PPC‑1 and 
PC3 cell lines, demonstrating that knockdown of HCP5 inhibited 
prostate cancer cell proliferation. Consistently, the apoptotic rate 
(early and late apoptosis) of both PPC‑1 and PC3 cell lines was 
significantly increased with the downregulation of HCP5 in 
comparison with that of the control group (Fig. 2D). Moreover, 
the colony formation assay was performed to evaluate the effect 
of HCP5 on the growth of prostate cancer cells. As presented 
in Fig.  2E, silencing of HCP5 significantly suppressed the 
colony formation ability of the PPC‑1 and PC3 cells. To further 
confirm the suppression of growth of prostate cancer tissues with 
downregulation of HCP5, an in vivo xenograft mouse model 
was established by injecting PC3 or PPC‑1 cells harboring 
shRNA‑control or shRNA‑HCP5 into the flank of nude mice. 
The tumor weight was measured after three weeks and the 
result showed that depletion of HCP5 significantly decreased 
the tumor formation (Fig. 2F). Consistently, the tumor diameter 
and volumes were also decreased upon the silencing of HCP5 
(Table SI). These results indicated that the downregulation of 
HCP5 suppressed the tumorigenesis of prostate cancer.

miR‑4656 is identified as a target of HCP5. Mounting evidence 
suggests that lncRNAs act as competing endogenous RNA to 
modulate the expression of miRNAs. To further understand 
the function of HCP5 in regulating the growth of prostate 
cancer cells, the putative binding partners of HCP5 were 
predicted. We found that there was a complementary binding 
sequence to the miR‑4656 seed region in HCP5 (Fig. 3A). To 
confirm whether HCP5 binds to miR‑4656, luciferase reporter 
assay was performed by transfecting the luciferase vector 
harboring the wild‑type (WT) or mutant (Mut) sequence of 
HCP5, which was the seeding region of miR‑4656. The results 
showed that overexpression of miR‑4656 significantly reduced 
the luciferase reporter activity of WT but not mutant HCP5 
(Fig. 3B and C). This observation suggested the interaction 
between HCP5 and miR‑4656 in prostate cancer cells.

To ascertain whether the binding of HCP5 to miR4656 
affects the stability of miR‑4656, PPC‑1 and PC3 cells were 
transfected with control lncRNA or HCP5 and the level 
of miR‑4656 was detected using the RT‑qPCR assay. The 
data showed that ectopic expression of HCP5 significantly 
reduced the level of miR‑4656 in both PPC‑1 and PC3 
cell lines (Fig. 3D). In contrast, downregulation of HCP5 
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promoted the expression of miR‑4656 (Fig. 3E). Supporting 
this observation, the expression of miR‑4656 was signifi-
cantly lower in prostate cancer tissues in comparison with 

that noted in the normal tissues (Fig. 3F), and expression of 
miR‑4656 was inversely correlated with the level of HCP5 
(Fig. 3G). These results indicate that HCP5 acts as the sponge 

Figure 1. HCP5 is overexpressed in prostate cancer tissues. (A) The expression of HCP5 in paired prostate cancer and adjacent normal tissues was detected by 
RT‑qPCR. (B) The expression of HCP5 was higher in prostate cancer tissues with metastasis. (C) The level of HCP5 in prostate cancer cell lines was compared 
with that of the normal control cell line NHP9 (vs. NHP9 cell line). HCP5, histocompatibility leukocyte antigen (HLA) complex P5. *P<0.05; **P<0.01; 
***P<0.001.

Figure 2. Downregulation of HCP5 suppresses the growth of prostate cancer cells. (A) Both PC3 and PPC‑1 cell lines were transfected with the shRNA‑control 
or shRNA‑HCP5 and the downregulation of HCP5 was validated with the RT‑qPCR analyses. (B and C) The proliferation of PC3 and PPC‑1 cells transfected 
with the shRNA‑control or shRNA‑HCP5 was determined by the CCK‑8 assay. (D) The apoptosis percentage of prostate cancer cells with downregulated HCP5 
was analyzed by FACS. (E) Knockdown of HCP5 suppressed the colony formation of both PC3 and PPC‑1 cells. (F) Depletion of HCP5 inhibited the growth of 
prostate cancer cell‑derived tumors in a xenograft mouse model. HCP5, histocompatibility leukocyte antigen (HLA) complex P5. **P<0.01; ***P<0.001.
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of miR‑4656 and reduced the expression of miR‑4656 in 
prostate cancer cells.

miR‑4656 targets CEMIP in prostate cancer cells. To detect 
the effect of miR‑4656 on the growth of prostate cancer 
cells, both PC‑3 and PPC‑1 cell lines were transfected with 

miRNA control or miR‑4656 mimic to upregulate the expres-
sion of miR‑4656 (Fig. 4A). The CCK‑8 assay showed that 
overexpression of miR‑4656 significantly decreased the prolif-
eration of both PC‑3 and PPC‑1 cell lines (Fig. 4B and C). 
To further understand the molecular mechanisms by which 
miR‑4656 regulates the proliferation of prostate cancer cells, 

Figure 3. HCP5 is a sponge of miR‑4656 in prostate cancer cells. (A)  The predicted binding sites of HCP5 within the sequence of miR‑4656. 
(B and C) Overexpression of miR‑4656 decreased the luciferase activity of wild‑type (WT) but not the mutant (Mut) HCP5. (D and E) Overexpression of 
HCP5 inhibited the expression of miR‑4656 in both PC3 and PPC‑1 cells, while depletion of HCP5 increased the level of miR‑4656. (F) The expression of 
miR‑4656 in paired prostate cancer tissues and adjacent normal tissues was detected with RT‑qPCR assay. (G) The correlation between the expression of HCP5 
and miR‑4656 was examined with the Spearman's test. HCP5, histocompatibility leukocyte antigen (HLA) complex P5. ***P<0.001.
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the possible targets of miR‑4656 were predicted using the 
miRDB database. The prediction revealed that CEMIP is a 
potential binding candidate of miR‑4656 (Fig. 4D). Increasing 
evidence has demonstrated the oncogenic function of CEMIP 
in promoting tumorigenesis by modulating cancer‑related 
signaling pathways (30‑33). The overexpression of CEMIP in 
tumors provides a novel target for individualized therapy (34). 
However, the involvement of CEMIP in the malignancy of 
prostate cancer has not been fully understood. There were three 
target sites of miR‑4656 in the 3'‑UTR of CEMIP that were 
predicted and the first one (seed location 121) was examined 
for further analysis. To confirm this, luciferase reporter assay 
was performed by constructing the WT or mutant 3'‑UTR 
which contained the binding sites of miR‑4656 into the lucif-
erase reporter vector. The results showed that overexpression 

of miR‑4656 significantly reduced the WT but not the mutant 
3'‑UTR luciferase activity (Fig. 4E and F). RT‑qPCR assay 
showed that high expression of miR‑4656 decreased both the 
mRNA and protein levels of CEMIP in the PPC‑1 and PC3 
cell lines (Fig. 4G and H). To check the co‑expression of 
HCP5/miR‑4656/CEMIP, cells were transfected with HCP‑5 
or shRNA‑HCP5. The results showed that depletion of HCP5 
significantly upregulated the level of miR‑4656 and decreased 
the expression of CEMIP (Fig. 4I). Consistently, overexpression 
of HCP5 significantly suppressed miR‑4656 and increased the 
abundance of CEMIP (Fig. 4J). Our results identified CEMIP 
as a target of the HCP5/miR‑4656 axis in prostate cancer cells.

HCP5 regulates the miR‑4656/CEMIP pathway. To determine 
whether HCP5 regulates CEMIP via suppression of miR‑4656, 

Figure 4. miR‑4656 targets CEMIP in prostate cancer cells. (A) PC‑3 and PPC‑1 cells were transfected with control miRNA or miR‑4656 mimic and the 
expression of miR‑4656 was confirmed by RT‑qPCR. (B and C) Overexpression of miR‑4656 inhibited the proliferation of prostate cancer cells. (D) The 
predicted binding sites of miR‑4656 at the 3'‑UTR of CEMIP. (E and F) PC‑3 and PPC‑1 cells were transfected with control vector or miR‑4656 mimic and 
the luciferase activity was measured. (G and H) High expression of miR‑4656 decreased the mRNA and protein levels of CEMIP in both PC3 and PPC‑1 
cells. (I and J) Cells were transfected with shRNA‑HCP5 or an overexpressing HCP vector, and the levels of miR‑4656 and CEMIP were detected. **P<0.01; 
***P<0.001. CEMIP, cell migration inducing hyaluronidase 1; HCP5, histocompatibility leukocyte antigen (HLA) complex P5.
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miR‑4656 was overexpressed and the expression of CEMIP 
was detected. The data showed that rescue of miR‑4656 
reversed the upregulation of CEMIP by HCP5 (Fig. 5A). To 
further support the correlation between HCP5 and CEMIP, the 
mRNA level of CEMIP in paired prostate cancer tissues and 
adjacent normal tissues was compared via RT‑qPCR. The data 
revealed significantly increased expression of CEMIP in the 
prostate cancer tissues (Fig. 5B). Meanwhile, the correlation 
between the abundance of HCP5 and CEMIP was analyzed 

by Spearman test. As indicated in Fig. 5C, the expression of 
CEMIP was positively correlated with that of HCP5 in prostate 
cancer tissues. To verify whether CEMIP mediates the func-
tion of HCP5 in prostate cancer, CEMIP was downregulated 
and HCP5 was overexpressed in both PC‑3 and PPC‑1 cell 
lines (Fig. 5D). The CCK‑8 assay showed that knockdown of 
CEMIP reduced the HCP5‑promoted proliferation of PC‑3 and 
PPC‑1 cells (Fig. 5E and F). These data indicate that CEMIP 
is regulated by HCP5 and modulates the growth of prostate 

Figure 5. HCP5 upregulates the expression of CEMIP in prostate cancer cells. (A) In the PC3 and PPC‑1 cells overexpressing miR‑4656 and HCP5, the protein 
level of CEMIP was detected. (B) The expression of CEMIP in paired prostate cancer and adjacent normal tissues was detected by RT‑qPCR. (C) The correla-
tion between the level of HCP5 and CEMIP was determined with Spearman's test. (D) Transfection of shRNA‑CEMIP decreased the expression of CEMIP 
in prostate cancer cells. The level of HCP5 was significantly increased following the transfection of HCP5. (E and F) PC3 and PPC‑1 cells were transfected 
with the indicated expression vectors and the cell proliferation was determined by the CCK‑8 assay. (G) Both PC3 and PPC‑1 cells were transfected with 
control‑shRNA or HCP5, and the level of Snail, VEGF and E‑cadherin were determined by western blot analysis. *P<0.05; ***P<0.001. CEMIP, cell migration 
inducing hyaluronidase 1; HCP5, histocompatibility leukocyte antigen (HLA) complex P5.
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cancer cells. Increasing studies have demonstrated that CEMIP 
orchestrates tumorigenesis via regulating Wnt/β‑catenin 
signaling (33). To further demonstrate the functional mecha-
nism of CEMIP in prostate cancer, we evaluated the expression 
of several targets of the Wnt/β‑catenin pathway including Snail, 
E‑cadherin, and VEGF. The results showed that overexpression 
of HCP5 upregulated Snail and VEGF, and inhibited the level 
of E‑cadherin in both PC3 and PPC1 cell lines (Fig. 5G). These 
data provide the possible mechanism underlying the regulatory 
function of CEMIP in prostate cancer.

Discussion

Accumulating evidence indicates the important roles of long 
noncoding RNAs (lncRNAs) in the initiation and development 
of human cancers (9,35). Considering the high occurrence of 
prostate cancer in the male population and the high mortality 
rate of prostate cancer patients, understanding the molecular 
mechanism of lncRNAs in regulating the growth of prostate 
cancer cells may provide new therapeutic strategies for the 
treatment of prostate cancer. In the present study, we identi-
fied that lncRNA histocompatibility leukocyte antigen (HLA) 
complex P5 (HCP5) is overexpressed in prostate cancer 
tissues and cell lines. Mechanistically, HCP5 was found to 
promote the proliferation of prostate cancer cells via sponging 
miR‑4656 to upregulate the expression of CEMIP.

HCP5 is located on chromosome 6p21.3, and the function 
of HCP5 is not fully understood (36). A recent study demon-
strated that HCP5 is overexpressed in glioma tissues and is 
positively correlated with the histopathological grade of glioma 
cancer patients (25). Knockdown of HCP5 was found to inhibit 
the malignancy of glioma cells by upregulating miR‑139. 
These data suggest the oncogenic function of HCP5 in glioma. 
Increased expression of HCP5 was also identified in follicular 
thyroid carcinoma (FTC). HCP5 was found to promote the 
tumorigenesis of FTC (37). Mechanistic experiments indi-
cated that HCP5 functions as a ceRNA to sponge miR‑22‑3p, 
miR‑186‑5p and miR‑216‑5p, which triggers activity of alpha‑2, 
6‑siallyltransferase 2 in FTC cells (37). Consistently, our results 
showed the upregulation of the expression of HCP5 in prostate 
cancer, which was associated with the worse prognosis of 
prostate cancer patients. Functional experiments showed that 
downregulation of HCP5 suppressed the proliferation and 
induced the apoptosis of prostate cancer cell lines. To further 
explore the molecular mechanism by which HCP5 regulates the 
tumorigenesis of prostate cancer, the miRNA targets of HCP5 
were predicted with the miRDB database. The results identi-
fied miR‑4656 as a potential target of HCP5. Overexpression of 
HCP5 significantly decreased the abundance of miR‑4656 in 
prostate cancer cells. Our data uncovered the critical involve-
ment of the HCP5/miR‑4656 axis in prostate cancer.

The function of miRNAs in regulating the growth of cancer 
cells occurs mainly by inhibiting the expression of downstream 
target genes. The involvement of miR‑4656 in cancer is not 
fully understood. Recent research showed that miR‑4656 is 
aberrantly expressed in glioma tissues and is correlated with 
the prognosis of glioma cancer patients (38). In the present 
study, to further understand the functional mechanism of 
miR‑4656 in prostate cancer, downstream targets of miR‑4656 
were predicted. The data showed that miR‑4656 bound the 

3'‑UTR of CEMIP and suppressed the expression of CEMIP. 
CEMIP was primary identified as a hearing loss‑related 
gene (39). Interestingly, increased expression of CEMIP has 
been identified in a variety of human cancer (31,32,39‑41). 
For example, upregulated expression of CEMIP may be a 
valuable biomarker for the detection of pancreatic cancer at an 
early stage (39). A recent study showed that overexpression of 
CEMIP is triggered by the AMPK/GSK3β/β‑catenin cascade 
and promotes the invasion and migration of prostate cancer 
cells via elevating metabolic reprogramming. These results 
demonstrated that the targeting of CEMIP may be a prom-
ising strategy for the treatment of advanced prostate cancer 
patients (42). The oncogenic function of CEMIP was also found 
in colorectal cancer (31,40,41). In this study, overexpression 
of HCP5 enhanced the abundance of CEMIP. These results 
provided the possible mechanism by which HCP5 regulates 
the growth of prostate cancer cells.

In conclusion, our data revealed that HCP5 is overexpressed 
in prostate cancer tissues, and is correlated with a worse prog-
nosis of cancer patients. For further study, immunostaining 
of prostate cancer tissues is necessary to evaluate the cancer 
grade and neovascularization using fresh samples. Functional 
mechanistic investigation uncovered that HCP5 promotes 
the growth of prostate cancer cells via acting as the sponge 
of miR‑4656 and consequently upregulated the expression of 
CEMIP. HCP5 may be a potential target for designing a novel 
therapeutic strategy for prostate cancer.
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