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Low HOXC10 expression in liver cancer regulates
proliferation via a mechanism involving miR-221
and the MAPK signaling pathway
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Abstract. Homeodomain-containing gene 10 (HOXC10)
is associated with the progression of a variety of different
types of human cancer; however, the role of HOXCI0 in
liver cancer is not completely understood. The present study
aimed to investigate the mechanisms underlying the effects of
HOXC10 on liver cancer tumorigenesis. Quantitative PCR and
western blotting were used to detect the expression patterns
of HOXC10 in cancer and adjacent healthy tissues. EdU, Cell
Counting Kit-8 and colony formation assays were used to
determine the functions of HOXC10 in liver cancer cell lines.
ENCORI, TargetScan and miRTarBase were used to identify
microRNAs that target HOXC10. The verification of the inter-
action between HOXC10 and microRNA-221 was determined
by a luciferase assay. Compared with adjacent non-cancerous
tissues, the expression of HOXC10 was markedly decreased
in liver cancer tissues. A HOXC10 small interfering (si)RNA
significantly attenuated HOXC10 expression at the mRNA and
protein levels, and enhanced cell proliferation compared with
the siRNA-negative control group. In addition, the luciferase
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reporter assay indicated that microRNA-221 directly bound
to the 3'-untranslated region of HOXC10, and interfered with
the inhibitory effect of HOXCI10 on proliferation. In addi-
tion, HOXC10 knockdown elevated the expression levels of
mitogen-activated protein kinase signaling pathway markers
compared with the siRNA-negative control group. Therefore,
the results of the present study may aid with the development
of novel therapeutic regimens and diagnostic markers of liver
cancer.

Introduction

Liver cancer is one of the leading causes of cancer-related
death worldwide (1). Despite developments in liver cancer
treatment, with improved surgical techniques and interven-
tional therapies, the 5-year survival rate remains poor and
the mortality rate has increased significantly over the past
20 years (2,3). Unlike other organs, the liver displays some
potential to regenerate, but the proliferation rate of liver cancer
cells is higher compared with that of normal liver cells due
to several deregulated signaling pathways during cancer,
such as PTEN, PI3K and AKT (4). Such deregulation occurs
throughout all stages of tumor development, which leads to
inconsistent and ineffective diagnosis and treatment of liver
cancer (5). To improve the diagnosis and monitor the progres-
sion of liver cancer in patients, the development of more
accurate and stable biomarkers is required.

The HOX gene family is highly conserved across species;
according to the distribution of the HOX gene family in
different chromosomes, four subgroups with genomic clusters
of A-D were established (6,7). Primarily, the HOX gene family
drives normal cellular differentiation and morphogenesis in
embryonic stages, and regulates normal tissue morphology in
adults (8). HOX genes have been reported to be abnormally
expressed in leukemia, breast and gastric cancer (9,10). In
addition, it has been reported that the HOX gene family alters
the occurrence and development of malignant tumors (11),
indicating that the HOX gene family may serve as potential
biomarkers of cancer. HOXC10, a member of the HOX gene
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family, promotes tumor cell migration and invasion in multiple
forms of cancer, including glioma (12), lung cancer (13), breast
cancer (14,15), thyroid cancer (16), gastric cancer (17,18) and
osteosarcoma (19). However, the role of HOXCI10 in liver
cancer is not completely understood. The present study aimed
to investigate the role of HOXCIO in liver cancer, and identify
the molecular mechanisms by which HOXCIO alters the devel-
opment and progression of liver cancer.

Materials and methods

Patients and tissue sample. A total of 40 paired specimens
were retrospectively collected from patients with primary
liver cancer who received treatment at the Second Affiliated
Hospital of Dalian Medical University between January 2016
and December 2019. Samples were collected intraoperatively
and immediately snap-frozen with liquid nitrogen. Adjacent
healthy tissues were obtained =5 cm from the edge of the
tumor. All specimens were pathologically confirmed as liver
cancer. Comprehensive reports of all clinical and pathological
examinations were provided for each patient. The clinical char-
acteristics of the patients are provided in Table I. The present
study was approved by the Ethics Committee of the Second
Affiliated Hospital of Dalian Medical University (approval
no. 2019.087). Written informed consent was obtained from
all the participants. Patients with a history of tumor resection
surgery, chemotherapy, radiotherapy, second primary tumors
or other malignant diseases were excluded from the present
study.

Cell culture and cell lines. A total of seven liver cancer cell
lines (Huh7, MHCC97-H, MHCC97-L, HepG2, Hep3B,
Snu449 and PLC/PRF/S5) were obtained from American Type
Culture Collection and authenticated via STR profiling. Cells
were cultured in RPMI-1640 (cat. no. SH30027.01; HyClone;
Cytiva), DMEM (cat. no. 11965118; Thermo Fisher Scientific,
Inc.) or EMEM (cat. no. 670086; Thermo Fisher Scientific, Inc.)
supplemented with 1% antibiotics (100 mg/ml streptomycin
and 100 U/ml penicillin) and 10% FBS (cat. no. 26140079;
Gibco; Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,.

Western blotting. Total protein was extracted from liver cancer
cells and tissues using lysis RIPA buffer (cat. no. PO013B;
Beyotime Institute of Biotechnology) containing phosphatase
and protease inhibitors. Total protein was quantified using a
standard bicinchoninic acid protein assay kit (cat. no. 23225;
Thermo Fisher Scientific, Inc.). Proteins were diluted in
5X loading buffer (cat. no. POO15L; Beyotime Institute of
Biotechnology) and subsequently, proteins (15 ug per lane)
were separated via 10% SDS-PAGE and transferred to PVDF
membranes at 250 mA for 2 h. The membranes were blocked
with 5% skim milk at room temperature for 1 h. Subsequently,
the membranes were incubated at 4°C for 16 h with primary
antibodies targeted against: HOXC10 (cat. no. SC-517164;
1:1,000; Santa Cruz Biotechnology, Inc.), GAPDH (cat.
no. 5174S; 1:1,000; Cell Signaling Technology, Inc.), INK (cat.
no. 92528S; 1:1,000; Cell Signaling Technology, Inc.), phos-
phorylated (p)-JNK (cat. no. 9255S; 1:2,000; Cell Signaling
Technology, Inc.), ERK (cat. no. 4695S; 1:1,000; Cell Signaling
Technology, Inc.) and p-ERK (cat. no. 4370S; 1:2,000;

Cell Signaling Technology, Inc.). Following primary incuba-
tion, the membranes were incubated with anti-mouse IgG
and anti-rabbit IgG secondary antibodies (cat. nos. 7076S and
7074S; 1:2,000; Cell Signaling Technology, Inc.) for 1 h atroom
temperature. Protein bands were visualized using an ECL
kit (cat. no. POO18FS; Beyotime Institute of Biotechnology).
GAPDH was used as the loading control. ImageJ version 1.8.0
112 bundled with 64-bit Java (National Institutes of Health)
was used for densitometry analysis.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells and tissues using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total
RNA was diluted in RNase-free DNase solution and reverse
transcribed into cDNA using PrimeScript RT Reagent Kit with
gDNA Eraser (cat. no. RR047A; Takara Bio, Inc.) on a TP350
thermal cycler (Takara Bio, Inc.). The following temperature
protocol was used for reverse transcription: 42°C for 2 min
for gDNA Eraser; followed by first strand cDNA synthesis at
37°C for 15 min and 85°C for 5 sec. Subsequently, gPCR was
performed using the Mx3005P real-time PCR system (Agilent
Technologies, Inc.) and SYBR Premix Ex Taq kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The following
thermocycling conditions were used for qPCR: Initial dena-
turation at 95°C for 30 sec; followed by 40 cycles of 95°C for
5 sec and 72°C for 30 sec, and a final extension at 72°C for
30 sec. The following primers were used for gPCR: HOXC10
forward, 5'-ACATCTGGAATCGCCTCAGC-3' and reverse,
5-GGCTCTGCTCCGTCTTGATT-3"; and B-actin (ACTB)
forward, 5'-ATGTGGCCGAGGACTTTGATT-3' and reverse,
5-AGTGGGGTGGCTTTTAGGATG-3'. HOXC10 mRNA
expression levels were quantified using the 244 method (20)
and normalized to the internal reference gene ACTB.

To assess microRNA (miRNA/miR) expression levels, total
RNA (1 ug) was reverse transcribed using an ImProm-I1I™
Reverse Transcription kit (Promega Corporation) according
to the manufacturer's protocol. The following temperature
protocol was used for reverse transcription: 25°C for 5 min for
annealing, followed by extension at 42°C for 45 min and final
inactivation of the reverse transcriptase at 70°C for 15 min.
Subsequently, qPCR was performed using a QuantStudio Dx
Real-Time instrument (Thermo Fisher Scientific, Inc.) with the
SYBR Premix Ex Taq Kit (Takara Bio, Inc.). The following
thermocycling conditions were used for qPCR: Initial dena-
turation at 95°C for 30 sec; followed by 40 cycles of 95°C for
5 sec and 72°C for 30 sec, and a final extension at 72°C for
30 sec. The following primers were used for gPCR: miR-221
forward, 5'-GGGAAGCTACATTGTCTGC-3' and reverse,
5'-CAGTGCGTGTCGTGGAGT-3"; and U6 forward, 5'-GCT
TCGGCAGCACATATACTAAAAT-3' and reverse, 5'-CGC
TTCACGAATTTGCGTGTCAT-3". miRNA expression levels
were normalized to the internal reference gene U6. The rela-
tive level was calculated using the 2444 method.

miRNA and small interfering (si)RNA transfection.
Cells in the logarithmic growth phase were washed with
antibiotic- and serum-free fresh medium. A total of
5x10* cells/well in a 24-well plate were used for transfec-
tion. HOXC10 siRNA-1 (5-CGGGAAAGAAAGAGGGAA
C-3"), HOXC10 siRNA-2 (5'-GCACACAAGACGCAACAA
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Table I. Association between HOXC10 expression and clinicopathological features of liver cancer.

HOXCI10 expression
Variable All cases Low High P-value
Sex 0.983
Male 33 14 (82.4%) 19 (82.6%)
Female 7 3 (17.6%) 4 (17.4%)
Median age 59.39+11.313 59.16+£7.313 59.63+8.447 0.854
Tumor size 0.006
<3 cm 10 2 (8.7%) 8 (47.1%)
>3 cm 30 21 (91.3%) 9 (52.9%)
Glisson capsule invasion 0.789
No 22 12 (54.5%) 10 (58.8%)
Yes 18 10 (45.5%) 8 (41.2%)
Tumor differentiation 0.767
Well 2 1 (42%) 1 (6.3%)
Poor or moderate 38 23 (95.8%) 15 (93.8%)
Satellite nodules 0.327
No 20 6 (40.0%) 14 (56.0%)
Yes 20 9 (60.0%) 11 (44.0%)
Lymphatic metastasis 0.001
No 25 531.3%) 20 (83.3%)
Yes 15 7 (68.8%) 8 (16.7%)
Distant metastasis 0.266
No 32 13 (72.2%) 19 (86.4%)
Yes 8 527.8%) 3(13.6%)
TNM stage 0.005
Tand II 18 5(23.8%) 13 (68.4%)
III and IV 22 16 (76.2%) 6 (31.6%)

HOXC10, homeodomain-containing gene 10; TNM, Tumor-Node-Metastasis.

A-3"), siRNA-negative control (NC; sequence not available;
cat. no. siB06525141910-1-5), miR-221 mimic (5'-CUUUGG
GUCGUCUGUUACAUCGA-3'"; cat. no. miR10000890-1-5),
miR-mimic-NC (cat. no. miR1IN0O000001-1-5), miR-221
inhibitor (5'-UCGAUGUAACAGACGACCCAAAG-3'; cat.
no. miR21335173141-1-5) and miR-221-NC (sequence not
available; cat. no. miR2N0000001-1-5) were purchased from
Guangzhou RiboBio Co., Ltd.. Cells were transfected with
20 nM siRNA, miR mimic, miR inhibitor or corresponding
negative controls using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) and incubated at 37°C with
5% CO,. After 24 h, the medium was replaced. Transfection
efficiency was assessed via reverse transcription-quantitative
PCR.

Plasmid transfection. The pcDNA3.1-HOXCI10 overexpression
vector was based on the pcDNA3.1 plasmid (pcDNA3.1-HA;
gifted by Dr Oskar Laur (Emory School of Medicine, Emory
University, Atlanta, GA, USA); Addgene plasmid no. 128034;
n2t.net/addgene:128034; RRID: Addgene_128034). HOXC10
cDNA was amplified from Huh7 cells with initial denaturation

at 98°C for 30 sec, followed by 35 cycles of 98°C for 10 sec,
58°C for 30 sec and 72°C for 30 sec, and a final extension at
72°C for 2 min, using Q5 High-Fidelity 2X Master Mix (New
England Biolabs) and the following primers: Forward, 5-TAA
AGCTTATGACATGCCCTCGCAATG-3' and reverse,
5" TAGAATTCCCTAATAAATTTCCAGAATCATAAT
CCTCAAA-3". PCR products were digested with HindIII and
EcoRlI, and cloned into pcDNA3.1 vectors digested with the
same enzymes. A total of 1x10° Snu449 and PLC cells/well
in a 12-well plate cells were transfected with 2 yg pcDNA3.1
vector using Lipofectamine® 2000 Transfection Reagent (cat.
no. 11668019; Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. At 48 h post-trans-
fection, cells were used for subsequent experiments.

Cell counting Kit-8 (CCK-8) assay. At 24 h post-transfection,
the CCK-8 assay (cat. no. CK04-05; Dojindo Molecular
Technologies, Inc.) was performed to assess Huh7 and 97H
cell viability according to the manufacturer's protocol. Briefly,
cells (1x10? cells/well) were incubated in 96-well plates with
10 ul CCK-8 reagent. At 0, 12,24,36,48 and 72 h, cell viability
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Figure 1. Clinical relevance and expression pattern of HOXC10 in human liver cancer. (A) HOXC10 mRNA expression levels in 40 paired liver cancer and adja-
cent non-cancerous tissues. HOXCI10 protein expression levels in 40 paired liver cancer and adjacent non-cancerous tissues were (B) determined by western
blotting and (C) semi-quantified. (D) Patients were divided into two groups according to the mean value of HOXC10 mRNA expression. Survival analysis was
performed using the Kaplan-Meier method and survival curves were compared using the log-rank test. "P<0.05. HOXC10, homeodomain-containing gene 10;

N, normal; T, tumor.

was measured at a wavelength of 450 nm using a microplate
reader.

Colony formation assay. Huh7, 97TH, Snu449 and PLC cells
(2x10? cells/well) were cultured in 60-mm wells with 5 ml
medium for 24 h at 37°C with 5% CO,. Once a visible clone
was formed, the colonies were stained using 1% crystal violet
solution for 10 min. Following washing with PBS, the colo-
nies were dried, examined and counted. Clusters of =50 cells
(size, 0.3-1.0 mm) were considered as colonies. Images were
obtained using an HP scanner (Laserjet 100 color MFP;
Hewlett-Packard).

Cell proliferation assay. Cell proliferation was assessed using a
Cell-Light EQU DNA Cell Proliferation kit (cat. no. C10310-1;
Guangzhou RiboBio Co.,Ltd.) according to the manufacturer's
protocol. Huh7, 97H, Snu449 and PLC cells were examined
using a fluorescence microscope (x20 magnification), and cell
proliferation was determined as the ratio of EdU-positive cells
to Hoechst-positive cells (21).

Luciferase reporter assay. To investigate the regulation of
HOXCI0 expression by miRNA, a luciferase reporter assay
was performed. To identify the potential regulatory miRNAs of
HOXC10, ENCORI (http://starbase.sysu.edu.cn/), TargetScan
(http://www.targetscan.org/mamm_31/) and miRTar-
Base (http://mirtarbase.mbc.nctu.edu.tw/php/index.php)

databases were used. Mutant (MUT)-HOXCI10 or wild-type
(WT)-HOXC10 were amplified using Q5 High-Fidelity 2X
Master Mix (New England Biolabs) with cDNA from Huh7
and the following primers: MUT-HOXCI10 forward, 5-GCG
ACgcttttttGGCAAAGACCTCAGACTCTCCTT-3' and
reverse, 5'-TTGCCaaaaaagcGTCGCATTGCATTTATA
CTCAGGG-3'; WT-HOXCI10 forward, 5'-aattctaggcgatcgctc
gagATCGGATCCGGGAACTGACC-3' and reverse, 5'-aaa
cgaattcccgggetcgagGAACCACAGGTCCCTTGGAAG-3.
The amplification was performed with initial denaturation
at 98°C for 30 sec, followed by 35 cycles of 98°C for 10 sec,
58°C for 30 sec and 72°C for 30 sec, and final extension at
72°C for 2 min. The amplified fragments were linked into the
psi-CHECK?2 vector (Promega Beijing Biotech Co., Ltd.). For
the luciferase reporter assay, at 70-80% confluence, Huh7 cells
were transfected with 0.5 yg MUT HOXC10-3'-untranslated
region (UTR; MUT-HOXC10) or WT HOXC10-3'UTR using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). The concentration of mimic-221, inhibitor-221,
mimic-NC and inhibitor-NC used for co-transfection was
50 nM. At 48 h post-transfection, luciferase activity was
assessed using the Dual-Luciferase Activity Assay system
(Promega Corporation).

Statistical analysis. Statistical analyses were conducted
using GraphPad Prism (version 7; GraphPad Software, Inc.)
and SPSS (version 17.0; SPSS, Inc.) software. Comparisons
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Figure 2. HOXC10 knockdown and overexpression in human liver cancer cells. (A) HOXC10 mRNA expression levels in liver cancer cell lines. (B) si-HOXC10
transfection efficiency in Huh7 and 97H cells. (C) pcDNA3.1-HOXCI0 transfection efficiency in Snu449 and PLC cells. “*"P<0.0001. HOXC10, homeodo-
main-containing gene 10; si, small interfering RNA; NC, negative control; CTRL, control.

among multiple groups were analyzed using one-way ANOVA
followed by Tukey's post hoc test. Comparisons between two
groups were analyzed using the paired or unpaired Student's
t-test. Data presented as n (%) were analyzed using the x> test
and data presented as the mean + interquartile range were
analyzed using Student's t-test. The prognostic potential of
HOXC10 was determined using Kaplan-Meier survival curves,
which were compared using log-rank tests. Data are presented
as the mean + standard deviation. P<0.05 was considered to
indicate a statistically significant difference.

Results

HOXCI0 is downregulated in liver cancer tissues. The
expression levels of HOXC10 in 40 paired liver cancer and
adjacent non-cancerous tissues were assessed via RT-qPCR
and western blotting. HOXC10 mRNA (Fig. 1A) and protein

(Fig. 1B and C) expression levels were significantly down-
regulated in liver cancer tissues compared with adjacent
non-cancerous tissues.

The clinical characteristics of the liver cancer tissues are
presented in Table I. The cases were divided into two groups
(low expression and high expression) according to the median
of the mRNA expression level of HOXC10. Patients in the low
HOXCI10 expression group displayed increased tumor size,
more severe lymphatic metastasis and worse TNM stage (22)
compared with patients with high HOXC10 expression,
suggesting that low HOXCI10 expression may be associated
with increased tumor aggression. Although not statistically
significant, the Kaplan-Meier survival curves indicated that
low HOXCI10 expression levels may correlate with poor
survival in patients with liver cancer (Fig. 1D). Further studies
with larger sample sizes are required to validate the results of
the present study.
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Figure 3. HOXC10 suppresses liver cancer cell proliferation. Effect of si-HOXC10 on (A) colony formation and (B) cell viability. Effect of pcDNA3.1-HOXC10
on (C) colony formation and (D) cell viability. "P<0.05, “P<0.01 and ““P<0.001. HOXC10, homeodomain-containing gene 10; si, small interfering RNA; NC,

negative control; CTRL, control; OE, overexpression.

HOXCI0 suppresses liver cancer cell viability. HOXC10
mRNA expression in seven different liver cancer cell lines was
assessed (Fig. 2A). The results indicated that HOXC10 mRNA
expression levels were notably increased in Huh7 and 97H
cells compared with other liver cancer cell lines. Therefore,
Huh7 and 97H cell lines were used for loss-of-function
experiments, whereas Snu449 and PLC cell lines were used for
gain-of-function experiments. HOXC10 knockdown and over-
expression efficiency were assessed via RT-qPCR and western
blotting. HOXC10 siRNA notably decreased HOXC10 mRNA
and protein expression levels in Huh7 and 97H cells compared
with the si-NC group (Fig. 2B). By contrast, mRNA and
protein expression levels of HOXC10 were notably increased
in the pcDNA3.1-HOXCI10 group compared with the empty
vector group (Fig. 2C).

Subsequently, colony formation and CCK-8 assays were
performed to evaluate the effect of HOXC10 on liver cancer
cell viability. Compared with the si-NC group, HOXC10

knockdown significantly increased colony formation and cell
viability (Fig. 3A and B). By contrast, compared with the
empty vector group, HOXCI10 overexpression significantly
decreased colony formation and cell viability (Fig. 3C and D).

Collectively, the results indicated that HOXC10 suppressed
liver cancer cell viability.

miR-221 downregulates HOXCIO0 expression in liver cancer
by directly targeting its 3'-UTR. The aforementioned results of
the present study demonstrated that HOXCI10 expression was
altered in liver cancer tissues and regulated tumor cell prolif-
eration; therefore, it was further investigated how HOXC10
expression may be regulated in liver cancer. miR-221 was iden-
tified as a regulatory miRNA of HOXC10 by bioinformatics
analysis as the seed region of HOXC10 was highly comple-
mentary to miR-221. The results indicated that miR-221 may
downregulate HOXCI10 in liver cancer; therefore, miR-221 was
selected for further analysis in the present study.
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assay in 97H and Huh?7 cells transfected with WT-HOXC10 or MUT-HOXC10 and miR-221 mimic or mimic-NC. (E) The luciferase reporter assay in 97H
and Huh?7 cells transfected with WT-HOXC10 or MUT-HOXC10 and miR-221 inhibitor or inhibitor-NC. “"P<0.01 and “*“P<0.001. miR, microRNA; 3'UTR,
3'-untranslated region; HOXC10, homeodomain-containing gene 10; WT, wild-type; MUT, mutant; NC, negative control.

To confirm that miR-221 downregulated HOXC10, miR-221
mimic, miR-221 inhibitor and the corresponding NCs were
transfected into Huh7 cells. miR-221 knockdown and over-
expression efficiency were assessed via RT-qPCR (Fig. 4A).
Subsequently, HOXC10 expression levels were detected via
RT-qPCR. HOXCI10 expression levels were significantly
decreased in miR-221 mimic-transfected Huh7 cells compared
with miR-221 inhibitor- and negative control-transfected
Huh7 cells (Fig. 4B). In addition, based on the seed sequence
predicted by the databases, luciferase plasmids containing the
WT or MUT 3'UTR of HOXC10 were constructed (Fig. 4C).
miR-221 mimic significantly decreased the luciferase
activity of WT-HOXC10-3'UTR compared with mimic-NC,
whereas the luciferase activity of MUT-HOXC10-3'UTR
was not significantly altered by miR-221 mimic compared
with mimic-NC (Fig. 4D). miR-221 inhibitor significantly
increased the luciferase activity of WT-HOXC10-3'UTR
compared with inhibitor-NC, whereas the luciferase activity
of MUT-HOXC10-3'UTR was not significantly altered by
miR-221 inhibitor compared with inhibitor-NC (Fig. 4E).
The results indicated that miR-221 directly interacted with
the 3'UTR of HOXC10 mRNA and downregulated HOXC10
expression.

miR-221 interferes with the inhibitory effect of HOXCI0 on
proliferation. Based on the interaction between miR-221 and
HOXC10, whether miR-221 could affect the functionality of
HOXCI0 in liver cancer was investigated. Therefore, Huh7
cells were transfected with HOXC10 siRNA in the presence of
miR-221 inhibitor or the corresponding NC. HOXC10 knock-
down significantly increased colony formation compared with

the si-NC +inhibitor-NC group. The colony formation assay also
indicated that miR-221 inhibitor partially reversed HOXCI10
siRNA-induced increases in colony formation (Fig. 5A). The
EdU assay results indicated that HOXC10 knockdown signifi-
cantly increased cell proliferation compared with the si-NC
and inhibitor-NC group. Similarly, miR-221 inhibitor partially
reversed HOXCI10 siRNA-induced cell proliferation (Fig. 5B).
The results suggested that miR-221 interfered with the inhibi-
tory effect of HOXCIO on liver cancer cell proliferation.

HOXCI0 is associated with the mitogen-activated protein
kinase (MAPK) signaling pathway. Abnormal activation or
overactivation of MAPK modifies the malignant transforma-
tion and evolution of cells (23). To investigate whether HOXC10
knockdown affected MAPK signaling in liver cancer, the
expression levels of MAPK marker proteins were measured,
as the phosphorylation levels of ERK and JNK partly indicate
activation of the MAPK signaling pathway. p-ERK and p-JNK
expression levels were markedly elevated in the si-HOXC10
group compared with the si-NC group, whereas total ERK and
JNK were not notably altered (Fig. 6). The results indicated
that Huh7 and 97H cell proliferation may be modulated via
activation of MAPK signaling in response to HOXCI10.

Discussion

Despite significant progress in the past decades in the diag-
nosis, surgery and chemotherapy of liver cancer, there has
been no significant improvement in the 5-year survival rate (1).
Tumorigenesis and development are a complex regulatory
network involving numerous genes (24,25). The present study
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Figure 5. miR-221 interferes with the inhibitory effects of HOXC10 on cell proliferation. (A) Colony formation and (B) EdU assays indicated that miR-221 reg-
ulated cell proliferation by targeting HOXC10 in liver cancer (x20 magnification). “P<0.05 and “P<0.01. miR, microRNA; HOXC10, homeodomain-containing

gene 10; si, small interfering RNA; NC, negative control; NS, not significant.

explored the function of HOXCI10 and its regulation in liver
cancer.

First, the expression of HOXCIO in liver cancer specimens
and adjacent non-cancerous tissues was assessed. HOXC10
expression was downregulated in liver cancer tissues compared
with adjacent non-cancerous tissues, which was associated with
worse prognosis and survival outcome. Moreover, HOXC10
overexpression and knockdown suppressed and promoted liver
cancer cell proliferation, respectively. However, the upstream
and downstream regulators and targets of HOXC10 have no yet
been identified. Via ENCORI, TargetScan and miRTarBase,
miRNA-221 was predicted to bind to the 3'UTR of HOXCIO0.
The luciferase reporter assay indicated that miR-221 interacted
with HOXCI10 to downregulate its expression. As the majority
of the tissues were used in other experiments, the present study
did not investigate the inverse correlation between miR-221
and HOXCI10 expression in tissue samples from patients with
liver cancer. In addition, the expression level in a normal liver
cell line was not assessed, both of which were limitations of

the present study. Rescue experiments suggested that miR-221
inhibitor suppressed liver cancer cell proliferation compared
with inhibitor NC. The relationship between HOXCI10 and
the MAPK signaling pathway has been studied in gastric
cancer (17); however, whether HOXC10 affects the MAPK
signaling pathway in liver cancer is not completely under-
stood. A significant increase in the expression levels of MAPK
signaling pathway marker proteins was observed in the present
study following HOXC10 knockdown compared with the si-NC
group, which indicated that HOXCI10 negatively affected the
MAPK signaling pathway.

The HOX genes are essential regulators of the expression
of genes involved in key cellular processes, differentiation and
cell identity (9). Apart from their roles in tissues remodeling,
the HOX gene network serves key roles in leukemogenesis and
hematopoiesis (10). Numerous studies have demonstrated that
the HOX gene family is closely related to the occurrence and
development of various types of cancer (6-9,26). In liver cancer,
HOXAT13 and HOXAT7 are involved in tumor proliferation,
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Figure 6. Effect of HOXCI10 on activation of the MAPK signaling pathway. Effect of si-HOXC10 on activation of the MAPK signaling pathway in (A) 97H
and (B) Huh7 cells. HOXC10, homeodomain-containing gene 10; MAPK, mitogen-activated protein kinase; si, small interfering RNA; p, phosphorylated; NC,

negative control.

migration and invasion (26). Together with the results of
the present study, the aforementioned studies indicated that
HOXC10 and the HOX gene family may serve as biomarkers
for liver cancer.

HOXCI10 has been reported to be oncogenic in other
tumors (12,13), but in the present study, the results indicated
that HOXCI10 served as an antioncogene. This discrepancy
regarding the function of HOXCIO0 in liver cancer and other
tumors may be associated with the heterogeneity of tumors,
such as metastasis associated lung adenocarcinoma transcript
1 in breast cancer (27) and p53 in hepatoma carcinoma (28).
In addition to this, different downstream signaling pathways
can also result in different functions of the same molecule. In
gastric cancer, HOXCIO0 serves as an oncogene via the NF-kB
signaling pathway (17), whereas in breast cancer, HOXC10
supports the development of chemotherapy resistance by
tuning DNA repair (14).

It has been reported that miRNAs may serve as potential
tools for monitoring cancer progression, diagnosis and prog-
nosis (23,29). miRNAs are vital gene regulators that bind to
partially complementary sequences at the 3'UTR of mRNAs
and direct post-transcriptional modulation (23,30). With
the advent of miRNA expression profiles, significant efforts
have been made to correlate miRNA expression with tumor
development. Understanding miRNAs can reveal a more
comprehensive view of the dynamic regulatory networks of
cancer (31). The present study conducted a luciferase assay to
assess the physical binding between miR-221 and HOXCI10,
and further indicated that miR-221 could effectively alter
the function of HOXC10. However, the upstream regulatory
molecules of HOXCI10 may include other microRNAs, long
non-coding RNAs and various molecules, which need to be
identified in further research.

The MAPK signaling pathway controls cell apoptosis,
differentiation and proliferation (32). Among its compo-
nents, the roles of ERK and JNK have been extensively
studied (33,34). Therefore, ERK and JNK proteins were
selected to assess MAPK signaling pathway activation. The
results indicated that HOXC10 knockdown increased the
phosphorylation of JNK/ERK compared with the si-NC
group.

In conclusion, the results of the present study suggested
that HOXC10 may serve as a critical negative regulator of cell
proliferation via activation of the MAPK signaling pathway.
In liver cancer, HOXC10 expression was downregulated due to
the suppressive effects of miR-221. Therefore, HOXC10 may
serve as a novel diagnostic biomarker and therapeutic target
for liver cancer.
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