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Abstract

Patients with osteosarcoma (OS) usually have poor overall survival because of frequent metastasis. Long non-coding RNAs
(lncRNAs) have been reported to be associated with tumorigenesis and metastasis. In this study, we investigated the
expression and roles of lncRNA human histocompatibility leukocyte antigen (HLA) complex P5 (HCP5) in OS, aiming to provide
a novel molecular mechanism for OS. HCP5 was up-regulated both in OS tissues and cell lines and high expression of HCP5
was associated to low survival in OS patients. Down-regulation of HCP5 inhibited cell proliferation, migration, and invasion,
suggesting its carcinogenic role in OS. miR-101 was targeted by HCP5 and its expression was decreased in OS. The inhibitor of
miR-101 reversed the impact of HCP5 down-regulation on cell proliferation, apoptosis, and metastasis in OS. Ephrin receptor 7
(EPHA7) was proved to be a target of miR-101 and had ability to recover the effects of miR-101 inhibitor in OS. In conclusion,
lncRNA HCP5 knockdown suppressed cell proliferation, migration, and invasion, and induced apoptosis through depleting the
expression of EPHA7 by binding to miR-101, providing a potential therapeutic strategy of HCP5 in OS.
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Introduction

Osteosarcoma (OS) is an osteoid-producing high-
grade malignancy of bone of mesenchymal origin (1).
Due to the high hereditary instability of OS cells, extensive
heterogeneity of histology, lack of biomarkers, localized
intense aggressiveness, and rapid metastatic potential (2),
OS therapy has produced little prognosis improvement over
the past 20 years. Survival rates of patients with metastatic
disease or relapse continue to be unsatisfactory (1). There-
fore, understanding of the OS biology remains a complex
challenge. The purpose of this paper was to provide a new
perspective on the tumorigenesis and metastasis of OS.

Increasing evidence has suggested that non-coding
RNAs have important roles in occurrence and progression
of cancer (3,4). Long non-coding RNAs (lncRNAs), longer
than 200 nucleotides, are defined as RNA molecules that
do not translate proteins (5). Human histocompatibility
leukocyte antigen (HLA) complex P5 (HCP5) belongs to
lncRNAs, and numerous reports have studied the func-
tional roles of lncRNA HCP5 in cancers. For example,
HCP5 acted as a competing endogenous RNA (ceRNA) to

activate alpha-2,6-sialyltransferase 2 (ST6GAL2) by tar-
geting microRNA (miR)-22-3p, miR-186-5p, and miR-216a-
5p, and promoted the proliferation, migration, invasiveness,
and angiogenic ability of follicular thyroid carcinoma cells
(6). HCP5 up-regulates runt-related transcription factor 1
(RUNX1) by acting as miR-139 sponge to promote astro-
cyte elevated gene-1 (AEG-1) expression, which is involved
in several oncogenic effects in glioma cells (7). Over-
expressed HCP5 promotes the tumorigenesis of cervical
cancer by enhancing metastasis associated in colon cancer-
1 (MACC1) expression by acting as miR-15a sponge (8).
These data reveal that HCP5 plays a circle role in the devel-
opment of different cancers. However, little study of HCP5 in
OS has been reported.

MicroRNAs (miRNAs) are a class of non-coding RNA
molecules and regulate gene expression by binding to
target mRNAs, leading to mRNA translational inhibition or
degradation (9). miRNAs continually participate in diverse
diseases because of the occurrence of genomic events,
such as mutations, deletion, amplification, transcriptional
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changes, biogenesis mutations, or the down-regulation
of enzymes that regulate miRNAs biogenesis (10–13).
Recently, the study of miRNAs on cancer has made tre-
mendous progress. It has been identified that miR-101
participates in certain types of cancers. Huang et al. (14)
showed that miR-101 was reduced in diffuse large B cell
lymphoma and correlated with tumor formation and pro-
gression. Chu et al. (15) reported that it was highly up-
regulated in liver cancer and inhibited the activation of
NF-kB and MAPK pathways through sponging miR-101.
Gonzales et al. (16) suggested that miR-101 acted as a
tumor suppressor in mixed-lineage leukemia-rearranged
acute myeloid leukemia. Therefore, the role of miR-101 in
OS is definitely worth further investigation.

Erythropoietin-producing hepatoma-amplified sequence
(Eph) receptors are a large family of receptor tyrosine
kinases in humans (17). Ephrin receptor 7 (EPHA7), a mem-
ber of the Eph family, belongs to a subgroup of receptor
tyrosine kinases and plays diverse roles in carcinogenesis
(18). For instance, EPHA7 was up-regulated in human
laryngeal squamous cell carcinoma tissues, and EPHA7
suppression inhibited cell growth and promoted cell apop-
tosis (19). EPHA7 expression is relatively higher in the
non-small cell lung cancer (NSCLC) cell lines, and down-
regulation of EPHA7 suppresses the proliferation of
NSCLC cells (18). EPHA7 down-regulation induces apop-
tosis via the intrinsic apoptotic pathway (20). These data
suggest the role of EPHA7 in multiple cancers and provide
valuable reference for our research, despite the knowl-
edge of the effects of EPHA7 in OS being limited.

In this study, we investigated the expression of HCP5
in OS tissues and cells, explored the role of HCP5 in the
regulation of proliferation, migration, invasion, and apop-
tosis of OS cells, and determined the interaction between
miR-101 and HCP5 or EPHA7. The purpose of this paper
was to determine a potential mechanism of HCP5 function
in OS and provide a theoretical basis for the treatment
of OS.

Material and Methods

Patients and tissues
A total of 40 patients treated in the Department of Ortho-

pedics, Jingzhou Hospital of Traditional Chinese Medicine
were selected for this research, and each of them signed
an informed consent before surgery. All OS tissues and
adjacent tissues were stored according to standard
sample storage method after surgery. This research was
approved by the Ethics Committee of the Department of
Orthopaedics, Jingzhou Hospital of Traditional Chinese
Medicine.

Cell culture
Human OS cell lines, including MG-63, U2OS, 143B,

and HOS, and human osteoblast cell line hFOB 1.19 were
all purchased from American Type Culture Collection

(ATCC, USA). Dulbecco’s modified eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS; Life
Technologies, USA) was used to culture these cell lines in a
humidified condition with 5% CO2 at 37°C.

Cell transfection
For functional analysis, small interference RNA (siRNA)

against HCP5 (si-HCP5), siRNA negative control (si-NC),
pcDNA-HCP5 overexpression vector (HCP5), pcDNA empty
vector (vector), miR-101 mimics, miR-101 mimics negative
control (miR-NC), miR-101 inhibitor, miR-101 inhibitor nega-
tive control (NC inhibitor), and siRNA against EPHA7
(si-EPHA7) were all obtained from RiboBio company
(Guangzhou, China). Based on manufacturer instructions,
cell transfection was carried out using Lipofectamine 3000
(Invitrogen, USA).

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Trizol reagent (Takara, China) was used to extract total
RNA from tissues and cells. RNA concentration was detect-
ed by NanoDrop 2000 spectrophotometers (ThermoFisher
Scientific, USA). Then, cDNA was synthesized from RNA
using QuantiTect Reverse Transcription Kit (QIAGEN, USA).
SYBR Green Taq Mix (Takara) was used to measure the
expression level under ABI 7500 Thermocycler (Thermo-
Fisher Scientific). The reaction conditions were as follows:
95°C for 5 min, followed by 40 cycles of denaturation at
95°C for 15 s, annealing step at 60°C for 30 s, and exten-
sion at 72°C for 90 s. Relative expression was quantified
using the 2–DDCt method. GAPDH and U6 were used as
internal controls. The primers were as follows: HCP5, F:
50-ACCACTATTGGCCATCAAAGG-30 and R: 50-ATACTG
TCCAATTCCCCTGT-30; EPHA7, F: 50-CTAATGTTGGAT
TGTTGGCAAAAG-30 and R: 50-TTGATCCAGAAGAGGG
CTTATTG-30; GAPDH, F: 50-CTGGGCTACACTGAGCA
CC-30 and R: 50-AAGTGGTCGTTGAGGGCAATG-30; miR-
101, F: 50-CGGCGGTACAGTACTGTGATAA-30 and R: 50-
CTGGTGTCGTGGAGTCGGCAATTC-30; U6, F: 50-CTCG
CTTCGGCAGCAGCACATATA-30 and R: 50-AAATATGGAA
CGCTTCACGA-30.

Western blot assay
Transfected cells were lysed using radioimmunoprecip-

itation assay (RIPA) (Beyotime, China) to acquire total
protein; the total protein was then separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and electro-transferred onto a polyvinylidenedi-
fluoride (PVDF) membrane (Millipore, China) on ice. Next,
the membrane was placed in a blocking solution (phos-
phate-buffered saline (PBS)) containing 5% nonfat milk for
2 h. The membrane was incubated with primary antibodies
(1:1000; Abcam, USA) against EPHA7 at 4°C over-
night. The following day, after being washed 3 times with
PBS, the membrane was incubated in horseradish perox-
idase-labeled secondary antibody at room temperature for
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2 h. Finally, protein blot signal was visualized using the
enhanced chemiluminescence (ECL) detection kit (Ther-
moFisher Scientific), and the gray intensity of blots was
quantified using ImageJ software (NIH; USA). GAPDH
was considered as the internal control.

Cell proliferation assay
Transfected U2OS and MG-63 cells (5� 103) were

seeded in 96-well plates for 24 h. After incubation, 0.5 mg/
mL 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) solution (Sigma-Aldrich, USA) was added
into each plate and incubated for another two hours.
Finally, absorbance at 490 nm was measured at 24, 48,
72, and 96 h by a microplate reader (Bio-Rad, USA). Five
replicate wells were used for each group.

Cell migration and invasion analysis
For cell migration and invasion, transfected U2OS and

MG-63 cells were harvested after culture for 48 h. Then,
cells were re-suspended in serum-free DMEM and placed
into the upper 24-well transwell chamber (Corning, USA)
for migration assay or into the upper chamber of 24-well
transwell membrane filter coated with Matrigel (Corning,
USA) for invasion assay. Meanwhile, DMEM solution
mixed with 10% FBS was added onto the lower chamber.
After 24 h, the migrated or invaded cells on the lower
surface were fixed with 4% paraformaldehyde (PFA) and
stained with methanol containing 0.1% crystal violet for
15 min. Finally, five randomly selected fields were used
to calculate cell number using an Olympus microscope
(Olympus, Japan) at a magnification of � 100.

Cell apoptosis analysis
Fluorescein isothiocyanate (FITC) Annexin V apopto-

sis detection kit (Invitrogen) was used to detect cell
apoptosis according to manufacturer instructions. In brief,
MG-63 and U2OS cells were incubated for 48 h after
transfection. Afterwards, cells were washed twice using
ice-cold PBS and re-suspended in binding buffer at a
concentration of 1�106 cells/mL. Next, 5 mL Annexin
V-FITC and PI were added to the cell suspension and
stained for 15 min at room temperature in a dark room,
followed by addition of 400 mL binding buffer. Subse-
quently, the apoptotic cells were distinguished using a flow
cytometer (BD Biosciences, USA).

Bioinformatics prediction and luciferase reporter
assay

The putative binding sites of HCP5 or EPHA7 and
miR-101 were predicted by miRcode (http://www.mircode.
org) and TargetScan (http://www.targetscan.org/vert_72/),
respectively. Cells were seeded in the 24-well plates for 24
h, then HCP5 wild-type (HCP5-WT) or HCP5 mutant
(HCP5-MUT) sequences containing miR-101 binding sites
were constructed onto the downstream of pmirGLO vector
(Promega, USA). Afterwards, HCP5-WT or HCP5-MUT

and miR-101 mimics or miR-NC were co-transfected into
OS cell lines. Dual-luciferase assay system (Shanghai
Qcbio Science & Technologies Co., Ltd, China) was used
to detect luciferase activities of MG63 and U2OS after
transfection for 48 h. The 30 UTR sequences of EPHA7
containing wild-type (WT) or mutant (MUT) binding sites of
miR-101 were amplified and cloned into pmirGLO vector
(Promega) to generate EPHA7-WT or EPHA7-MUT luci-
ferase reporter vector, respectively. Transfection and
detection were performed as described above.

Statistical analysis
GraphPad Prism v5.01 software (GraphPad Software,

USA) was used for statistical analysis. All data are reported
as means±SD from at least three independent experi-
ments. Statistical analysis of data was performed using the
Student’s t-test between 2 groups and analysis of variance
(ANOVA) among multiple groups. Differences were con-
sidered to be statistically significant when Po0.05.

Results

HCP5 was up-regulated in OS tissues and cell lines
First, we evaluated the expression of HCP5 in OS by

qRT-PCR. HCP5 expression was significantly increased
in tumor tissues compared with adjacent normal tissues
(Figure 1A). The Kaplan-Meier method was used to deter-
mine the relationship between HCP5 expression and the
prognosis of patients. Predictably, the overall survival of
patients with low expression (n=21, 85.71%) of HCP5 was
significantly higher than in those with high expression
of HCP5 (n=19, 52.63%) (Figure 1B). In addition, as
exhibited in Figure 1C, there was a significant increase of
HCP5 expression in OS cell lines (MG-63, U2OS, 143B,
and HOS) compared with normal cells (hFOB1.19). The
data suggested that HCP5 played a carcinogenic role in
OS and led to poor survival.

HCP5 down-regulation suppressed cell proliferation,
migration, and invasion but promoted cell apoptosis

At the beginning, the efficiency of HCP5 knockdown
was detected by qRT-PCR. As shown in Figure 2A, the
expression of HCP5 in MG-63 and U2OS of 3 groups
(si-HCP#1, si-HCP#2, and si-HCP#3) was down-regulated,
and the highest decline in expression was in si-HCP#2,
suggesting that the knockdown efficiency of si-HCP#2 was
the highest. Hence, si-HCP#2 was chosen for the following
assays. MTT assay showed that cell proliferation was
inhibited in MG-63 and U2OS transfected with si-HCP5#2
compared with si-NC (Figure 2B and C). Flow cytometry
indicated that si-HCP5#2 transfection was notably beneficial
to cell apoptosis rate in OS cell lines (Figure 2D). Unsur-
prisingly, transwell assay identified that cell migration and
invasion were restrained when HCP5 was down-regulated
(Figure 2E and F). All data suggested that knockdown of
HCP5 had a tumor-suppressive role in OS.
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Figure 1. HCP5 was highly expressed in osteosarcoma (OS) tissues and cell lines. A, QRT-PCR assay was performed to measure the
expression of HCP5 in 40 pairs of OS tissues and adjacent normal tissues. B, The cumulative survival of OS patients with high HCP5
(n=19) expression or low HCP5 (n=21) expression was recorded. C, Relative expression of HCP5 in different OS cell lines and human
osteoblast cell hFOB 1.19 was detected by qRT-PCR. Data are reported as means±SD. **Po0.01 (Student’s t-test and ANOVA).

Figure 2. HCP5 knockdown suppressed proliferation, migration, and invasion, and promoted apoptosis in osteosarcoma (OS) cells.
A, The expression of HCP5 in MG-63 and U2OS cells transfected with si-NC, si-HCP5#1, si-HCP5#2, or si-HCP5#3 was measured
by qRT-PCR. B and C, Cell proliferative capacity was evaluated by MTT assay. D, Cell apoptosis was detected 48 h after transfection
by flow cytometry. E and F, Cell migration and invasion were confirmed by transwell assay in MG-63 and U2OS cells (100�, scale bar:
50 mm). Data are reported as means±SD. **Po0.01 (Student’s t-test and ANOVA).
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HCP5 regulated the expression of miR-101 by
targeting miR-101

To investigate the interaction between HCP5 and miR-
101, we first predicted the potential binding sites of HCP5
and miR-101 through miRcode software (http://www.mir
code.org) (Figure 3A). Then, this prediction was confirmed
by verification of miR-101 expression. Results from qRT-
PCR indicated that the expression of miR-101 in tumor
tissues was lower than that in normal tissues (Figure 3B).
We also saw that the expression of miR-101 was negatively
correlated with HCP5 expression in OS tissues (Figure 3C).
Similarly, miR-101 expression declined in MG-63 and
U2OS cells compared with that in hFOB 1.19 cells (Figure
3D). To further confirm the relationship, we performed luci-
ferase reporter assay, and the data showed that miR-101
mimics significantly reduced luciferase activity in MG-63
and U2OS cells with HCP5-WT transfection, while cotrans-
fection of miR-101 mimics and HCP5-MUT did not change
the luciferase activity compared to miR-NC (Figure 3E and
F). In addition, expression of miR-101 was significantly
enhanced in MG-63 and U2OS cells transfected with si-
HCP5#2 compared to si-NC, while miR-101 expression
was significantly weakened in cells transfected with HCP5
compared to vector NC (Figure 3G and H). These data
indicated that HCP5 regulated the expression of miR-101
through targeting miR-101 directly.

MiR-101 deficiency reversed the effects of HCP5
knockdown on cell proliferation, apoptosis, migration,
and invasion

To further determine the biological interaction between
HCP5 and miR-101 in OS cells, si-HCP5#2, si-NC, si-HC
P5#2+miR-101 inhibitor, and si-HCP5#2+miR-NC were
transfected into MG-63 and U2OS cells. First, we detected

the expression of miR-101 and found that it was up-regu-
lated in MG-63 and U2OS transfected with si-HCP5#2,
while miR-101 expression was significantly decreased in
cells transfected with si-HCP5#2+miR-101 inhibitor (Fig-
ure 4A). Then, MTT assay revealed that the decreased
cell viability of MG-63 and U2OS cells caused by HCP5
knockdown was reversed by miR-101 inhibition (Figure 4B
and C). The increase of HCP5 knockdown on cell apop-
tosis was abolished by miR-101 inhibition (Figure 4D).
Transwell assay showed that cotransfection of si-HCP5#2
+miR-101 inhibitor reversed suppressive effects on cell
migration and invasion caused by HCP5 knockdown alone
(Figure 4E and F). These data suggested that HCP5
accelerated the development of OS through regulating
miR-101 expression.

EPHA7 was a specific target of miR-101
To determine the relationship between miR-101 and

EPHA7, the possible binding sites between miR-101 and
EPHA7 30UTR were predicated using TargetScan soft-
ware. EPHA7 was found to be a putative target of miR-101
(Figure 5A). Data from qRT-PCR showed that the ex-
pression of EPHA7 was abundant in OS tissues compared
with normal tissues (Figure 5B). A negative correlation
was found between miR-101 expression and EPHA7
expression in OS tissues (Figure 5C). Luciferase reporter
assay indicated that the luciferase activity of MG-63 and
U2OS cells transfected with EPHA7-WT and miR-101
mimics was significantly depleted compared with miR-NC,
while the luciferase activity of cells transfected with EP
HA7-MUT and miR-101 mimics was not changed com-
pared to miR-NC (Figure 5D and F). Additionally, the
protein level of EPHA7 was significantly increased in MG-
63 and U2OS cells transfected with miR-101 inhibitor but

Figure 3. HCP5 directly targeted miR-101. A, The online software miRcode predicted the putative binding sites between HCP5 and miR-
101. B, The expression of miR-101 was exhibited in osteosarcoma (OS) tissues and adjacent normal tissues. C, Correlation between
the expression of HCP5 and miR-101 in OS tissues. D, The expression of miR-101 was measured in OS cell lines MG-63 and U2OS and
normal cells hFOB 1.19. E and F, Luciferase reporter assay was performed to confirm the interaction between HCP5 and miR-101 in
MG-63 and U2OS cells. G and H, Relative expression of miR-101 was examined in MG-63 and U2OS cells transfected with si-NC
(negative control), si-HCP5#2, vector NC, or HCP5. Data are reported as means±SD. **Po0.01 (Student’s t-test and ANOVA).
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reduced rapidly in cells transfected with miR-101 mimics
(Figure 5E and G). These data showed that miR-101
directly targeted the 30UTR of EPHA7 to mediate EPHA7
expression.

EPHA7 downregulation reversed the effects of miR-
101 inhibition in OS cells

To further define the molecular mechanism of HCP5 in
OS cells, si-HCP5#2, si-NC, si-HCP5#2+miR-101 inhib-
itor, miR-101 inhibitor+si-EPHA7, and miR-101 inhibitor
+si-NC were transfected into MG-63 and U2OS cells.
Western blot analysis showed that EPHA7 expression
was significantly decreased in cells transfected with si-
HCP5#2 compared with si-NC, whereas EPHA7 expres-
sion was restored in cells transfected with si-HCP5#2
+miR-101 inhibitor. In addition, the expression of EPHA7
in cells transfected with miR-101 inhibitor+si-EPHA7 was
clearly lower than that transfected with miR-101 inhibitor
+si-NC (Figure 6A and B), suggesting HCP5 directly
regulated the expression of EPHA7 by targeting miR-101.
Functionally, MTT assay characterized that miR-101
inhibition could reverse the effects of HCP5 knockdown
to promote proliferation, and EPHA7 downregulation could
reverse the effects of miR-101 inhibition to impair pro-
liferation (Figure 6C and D). On the contrary, miR-101
inhibition could reverse the effects of HCP5 knockdown to
decrease the apoptotic rate, and EPHA7 downregulation
could reverse the effects of miR-101 inhibition and
increase the apoptotic rate (Figure 6E). Moreover,
transwell assay showed that miR-101 deficiency partly
abolished the effects of HCP5 knockdown to promote

migration and invasion, and EPHA7 downregulation partly
abolished the effects of miR-101 deficiency to block migra-
tion and invasion (Figure 6F and G). The above expres-
sion analysis and reverse experiment indicated that HCP5
contributed to OS malignant development by regulating
EPHA7 expression via sponging miR-101.

Discussion

In the past 25 years, new chemotherapy regimens for
OS have failed to improve long-term survival rates above
65B70% (1). Tumors have a high tendency to metasta-
size, one of the most common causes of death associated
with cancer (21). Currently, multiple studies have reported
that lncRNAs play specific roles in the development
and metastasis of cancer, so characterization of cancer-
related lncRNAs and their target miRNAs involved in
carcinogenesis attract more attention.

In our study, we demonstrated that HCP5 was up-
regulated in OS tissues and cell lines. Down-regulation of
HCP5 suppressed OS cell proliferation, invasion, and
migration. HCP5 is a well-known lncRNA that is asso-
ciated with numerous cancers, such as human triple-
negative breast cancer (22), glioma (7), and hepatitis C
virus-associated hepatocellular carcinoma (23). Several
studies have demonstrated that HCP5 expression is
enhanced in tumor tissues, including lung adenocarci-
noma (24), anaplastic thyroid cancer (25), and colorectal
cancer (26). Interestingly, the result in this paper was
consistent with previous studies, suggesting that HCP5
universally had an oncogenic role in cancers. However,

Figure 4. Depletion of miR-101 could reverse the impact on cell proliferation, apoptosis, migration, and invasion caused by HCP5
knockdown in osteosarcoma (OS) cells. A, The expression of miR-101 in MG-63 and U2OS cells transfected with si-NC (negative
control), si-HCP5#2, si-HCP5#2+miR-NC, or si-HCP5#2+miR-101 inhibitor was measured by qRT-PCR. B and C, Cell proliferation
was assessed at 24, 48, 72, and 96 h after transfection by MTTassay in MG-63 and U2OS cells. D, Cell apoptosis was analyzed by flow
cytometry. E and F, Transwell assay was used for cell migration and invasion analysis in MG-63 and U2OS cells. Data are reported as
means±SD. **Po0.01 (Student’s t-test and ANOVA).
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the molecular mechanisms by which HCP5 functions in
cancer are complex and diverse, thus our research
focused on the possible mechanisms of HCP5 in OS.

We found that HCP5 could target miR-101 directly.
The function of miR-101 in OS has been partly reported.
Jiang et al. (27) showed that miR-101 was significantly
down-regulated in common OS cell lines, including MG63,
U2OS, and OS732. Additionally, up-regulation of miR-101
inhibited cell viability, migration, and invasion but pro-
moted apoptosis. Lin et al. (28) proved that miR-101 is
down-regulated in OS and could suppress OS cell prolif-
eration and invasion by directly targeting zinc finger E-box
binding homeobox 2 (ZEB2). Zhang et al. (29) observed
that miR-101 functions as a tumor suppressor in OS
because it depletes cell migration and invasion by target-
ing enhancer of zeste homolog 2 (EZH2). In this study, we
demonstrated that miR-101 had a lower expression in OS
tissues and cells, and the effects of HCP5 down-regulation

on cell proliferation, apoptosis, migration, and invasion
could be reversed by miR-101 inhibitor. This was in accor-
dance with the above-mentioned research. The dysregu-
lated expression of miRNAs is involved in many types of
cancers, acting at the post-transcriptional level by inhibiting
the translation of protein-coding genes or inducing mRNA
dysregulation, regulating various biological processes.

EPHA7 is a target of miR-101, which was confirmed in
this report. We further observed that EPHA7 expression
was reinforced in OS tissues, and low expression of miR-
101 accelerated OS cell proliferation, migration, and inva-
sion through targeting EPHA7. EPHA7 has been reported
in several cancers, such as non-small cell lung cancer
(18), human laryngeal cancer (19), and adenocarcinoma
(30). Interestingly, the expression of EPHA7 in these
cancers was intensified, and our results were similar to
these studies. However, other studies report the opposite
showing that EPHA7 may act as a tumor suppressor.

Figure 5. EPHA7 was a target of miR-101. A, Predicted binding sites between miR-101 and EPHA7 3’UTR. B, The expression of
EPHA7 was measured through qRT-PCR assay in osteosarcoma (OS) tissues and adjacent normal tissues. C, Correlation analysis
between miR-101 expression and EPHA7 expression in OS tissues. D and F, Relative luciferase activity was measured in MG-63 and
U2OS cells cotransfected with miR-101 mimics and EPHA7-WT (wild-type) or EPHA7-MUT (mutant). E and G, EPHA7 protein
expression level was observed by western blot in MG-63 and U2OS cells with NC (negative control) mimics, miR-101 mimics, NC
inhibitor, or miR-101 inhibitor transfection. Data are reported as means±SD. **Po0.01 (Student’s t-test and ANOVA).
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For example, EPHA7 inhibits malignant growth of prostate
cancer by targeting the PI3K/Akt signaling pathway (31).
Another report supported that EPHA7 might be a new
tumor suppressor gene for 6q deletions in T-cell lympho-
blastic leukemia/lymphoma (32). The molecular mech-
anism of EPHA7 in different cancers is variable, and
EPHA7 may exert tissue-specific or cell-specific functions.
However, our observation was concordant with the study
showing that EPHA7 expression was up-regulated in OS
tissues (33), suggesting EPHA7 exerted a carcinogenic
role in OS.

Taken together, our findings demonstrated that HCP5
expression was enhanced in OS tissues and cells, and
HCP5 aggravated OS cell proliferation, migration, and
invasion by promoting the expression of EPHA7 via
targeting miR-101 competitively. Our study provided new
insights into the role of HCP5 in OS and a novel mecha-
nism of the HCP5/miR-101/EPHA7 axis in OS develop-
ment. HCP5 may be a potential prognostic biomarker and
gene therapeutic agent for OS treatment.
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