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1 | INTRODUCTION

Esophageal cancer, the sixth leading cause of cancer death in the nosed

world,! is one of the most aggressive and lethal digestive tract

| Lin Xu?>?® | Binhui Ren®?

Esophageal squamous cell carcinoma (ESCC), the dominant subtype of esophageal
cancer, is one of the most common digestive tumors worldwide. In this study, we
confirmed that HOXC13, a member of the homeobox HOXC gene family, was sig-
nificantly upregulated in ESCC and its overexpression was associated with poorer
clinical characteristics and worse prognosis. Moreover, knockdown of HOXC13
inhibited proliferation and induced apoptosis of ESCC through upregulating CASP3.
ChIP analysis revealed that HOXC13 repressed transcription of CASP3 through
directly targeting the promotor region of CASP3. We also found that miR-503
downregulated HOXC13, by directly targeting its 3'UTR, and inhibited proliferation
of ESCC. In conclusion, our study demonstrates that HOXC13, which is directly tar-
geted by miR-503, promotes proliferation and inhibits apoptosis of ESCC through
repressing transcription of CASP3.
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tumors. Esophageal squamous cell carcinoma (ESCC) is the domi-
nant subtype of esophageal cancer and accounts for 90% of diag-
esophageal cancer? Although there have been
improvements in diagnosis and treatment of ESCC, the overall 5-

year survival rate is less than 25% due to diagnosis in later stages
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accompanied by local invasion and distant metastasis.® Therefore,
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seeking new functional genes and biomarkers in ESCC develop-
ment may vyield alternative approaches for managing esophageal
cancer.

As known, HOX genes are a group of related genes containing
a well-conserved DNA sequence called the homeobox.* The pro-
tein products of HOX genes function as transcription factors that
bind to specific nucleotide sequences on the DNA called enhan-
cers where they either activate or repress genes.” As a member
of the homeobox HOXC gene family, HOXC13 correlates with the

%8 It has been

development of hair, nail and filiform papilla.
reported that HOXC13 is highly expressed in ameloblastoma,’
odontogenic tumors,’® metastatic melanoma®* and Iiposarcoma;12
moreover, knockdown of HOXC13 inhibited cell growth, and
resulted in cell cycle arrest, in colon cancer.'®> However, the
expression and biological function of HOXC13 in ESCC have not
been investigated. In this study, we confirmed that HOXC13 could
play an oncogenic role in ESCC through repressing transcription of
CASP3.

MicroRNA (miRNA) are a class of small non-coding RNA mole-
cules that regulate gene expression at post-transcriptional level.1*
They bind to the 3’ untranslated regions (3'UTR) of target genes,
and regulate the translation and degradation of target mRNA.®
MicroRNA play important roles in multiple physiological processes,
including developmental timing, cell death and proliferation, hema-
topoiesis, and progression of many kinds of human cancers.*¢*?
Plenty of miRNA have been reported to be related to tumor pro-
liferation and patient survival in ESCC.2°2® Technologies aimed at
replacing tumor suppressor miRNA that are lost during cancer pro-
gression have emerged as promising cancer therapies.?* Herein, we
show that miR-503 targets the 3'UTR of HOXC13 and represses
proliferation of ESCC. Further study of the role of miR-503-
HOXC13-CASP3 axis in ESCC initiation and development is
expected to provide new biomarkers and therapeutic targets for
ESCC.

2 | MATERIALS AND METHODS

2.1 | Data sources and bioinformatics

The TCGA dataset, named TCGA_ESCA_exp_HiSeq-2015-02-24,
was downloaded from the UCSC Cancer Browser (https://genome-

cancer.ucsc.edu/).’

All normalized gene expression values can be
obtained from “genomicMatrix” files. Using the co-expression tool
in cBioPortal (http://www.cbioportal.org/),?® we obtained a list of
120 genes (Table S1) with high co-expression correlation (Pearson
score >0.38) with HOXC13. These genes were submitted to DAVID
Bioinformatics Resources 6.8 (http://david.abcc.ncifcrf.gov/)?” for
Gene Ontology (GO) pathway analysis. To predict the binding site
of HOXC13 with the promotor region of CASP3, the Jaspar Data-
base (http://jaspar.genereg.net/)?® was used. The mirSVR predicted
target site scoring method (http://www.microrna.org/microrna/
home.do)®” was used to search for miRNA that directly target
3'UTR of HOXC13.

2.2 | Tissue samples and animal studies

In total, 60 ESCC tissue samples were obtained from patients
who had undergone curative surgical resection in the department
of thoracic surgery, Nanjing Jinling Hospital, from 2013 to 2016.
None of the patients had received preoperative chemotherapy or
radiotherapy. All patients’ clinicopathological parameters, including
age, gender, primary tumor size, lymph node status, TNM stage,
tumor location and focus type, were obtained from their medical
records.

All animal studies were conducted in accordance with NIH ani-
mal use guidelines and protocols were approved by Nanjing Medical
University Animal Care Committee. Twelve female nude mice (ages
4-6 weeks) were purchased from Nanjing Medical University School
of Medicine’s accredited animal facility. Briefly, 1.0 x 10° exponen-
tially growing ECA109 cells with ectopic expression of appropriate
genes or miRNA were injected subcutaneously. Tumor volume was
estimated using calipers every week ([length x width?]/2). Six weeks
after injection, mice were sacrificed, tumor weights were measured

and tumors were collected for further analysis.

2.3 | Immunohistochemistry

Immunohistochemistry (IHC) for HOXC13 and CASP3 protein
expression in samples was performed using standard methods. Tis-
sue sections were deparaffinized and rehydrated through graded
alcohol. Endogenous peroxidase activity was blocked by incubation
in 3% H,O,. Antigen retrieval was carried out with 0.01 mol/L
citrate buffer (pH 6.0) and microwave heat induction. Anti-HOXC13
mouse monoclonal antibody (Abcam, Cambridge, UK; ab55251) and
anti-CASP3 rabbit polyclonal antibody (Abnova, Taibei, Taiwan;
PAB0242) were used.

24 | Cell culture, Z-DEVD-FMK, shRNA, microRNA
mimics and transfection

ECA109 and TE13 cells were cultured in DMEM media (KeyGEN,
Nanjing, China) supplemented with 10% FBS and penicillin/strepto-
mycin (KeyGEN), and cultured at 37°C in a humidified incubator con-
taining 5% CO,. Z-DEVD-FMK, a caspase-3 inhibitor, was purchased
from Selleck and DMSO was used as the negative control. shRNA
and microRNA mimics were conducted and purchased from Vigene
Biosciences, Shandong, China. Transfection of shRNA and miR-503
mimics was performed according to the Lipofectamine 3000 Reagent
(Invitrogen, Carlsbad, CA, USA) protocol; nonsense shRNA (sh-nc)
and negative control mimic (miR-nc) were used as the respective
controls. Transfection efficiency was evaluated by quantitative real-
time RT-PCR (gRT-PCR) and western blot.

The sequences used were as follows: shRNA-1 for HOXC13,
5'-GAGCCTTATGTACGTCTATGATTCAAGAGATCATAGACGTACATAA
GGCTCTTTTTT-3; shRNA-2 for HOXC13, 5-GCAAATCGAAAG
CGCCTCATCTTCAAGAGAGATGAGGCGCTTTCGATTTGCTTTTIT-3;
sh-nc, 5'-GCACCCAGTCCGCCCTGAGCAAATTCAAGAGATTTGCTCA
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GGGCGGACTGGGTGCTTTTT-3’; miR-503 mimics, 5-GGGGUAUUG
UUUCCGCUGCCAGG-3/, and miR-nc mimics, 5-UUCUCCGAACGU
GUCACGUTT-3'.

2.5 | RNA extraction, reverse transcription and
quantitative RT-PCR

Total RNA was extracted from tissue samples or cultured cells using
TRIzol reagent (Invitrogen) according to the manufacturer’s instruc-
tions. Reverse transcription was performed with 1000 ng total RNA
in a final volume of 20 pL, using a Reverse Transcription Kit (Takara,
cat: RRO36A, KeyGEN). For gRT-PCR, SYBR Select Master Mix
(Applied Biosystems, Cat: 4472908. KeyGEN) was used, and the
reaction was performed in a QuantStudio 6 Flex Real-Time PCR Sys-
tem as follows: initial denaturation step at 95°C for 10 minutes, fol-
lowed by 40 cycles at 92°C for 15 seconds and 60°C for 1 minute.
Primers are shown in Table S2 and ACTB was used as a housekeep-
ing gene. The comparative CT method (AACT) was used to measure

relative gene expression.
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2.6 | Protein extracts and western blot analysis

Cells were harvested and treated with lysis buffer (RIPA, KeyGEN)
on ice, and protein concentration was determined using a BCA Kit
(KeyGEN). Comparable amounts of extracts were loaded on SDS-
PAGE gels and subjected to electrophoresis. After separation on
the gel, proteins were transferred to a PVDF membrane. Mem-
branes were blocked in 2% BSA in TBS-T for 1 hour, and subse-
quently incubated overnight, at 4°C, with antibodies against
HOXC13 (Santa Cruz, Dallas, TX, USA; sc-514377; 1:1000),
CASP3 (Proteintech, Rosemont, IL, USA; 19677-1-AP; 1:1000),
PARP (Cell Signaling Technology, Danvers, Massachusetts, USA;
9542; 1:1000) or B-actin (Cell Signaling Technology, Danvers, MA,
USA; 8H10D10; 1:1000). After washing in TBS-T, membranes
were incubated with goat anti-rabbit or goat anti-mouse HRP-con-
jugated secondary antibodies (both from Abcam; 1:10 000), for
2 hours at room temperature. Blots were visualized using ECL
detection (Thermo Fisher Scientific, Waltham, MA, USA). All exper-
iments were repeated at least three times, independently.
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2.7 | Cell Counting Kit-8, colony formation and
xCELLigence System assays

The assays were performed 24 hours after transfection. For the Cell
Counting Kit-8 (CCK-8) assay, cells were plated in 96-well plates at
a density of 2000 cells/100 pL, and the absorbance was measured
at 450 nm in an ELx-800 Universal Microplate Reader. For colony
formation assay, a total of 200 cells were placed in a fresh 6-well
plate and cultured in medium containing 10% FBS, with medium
replacement every 3-4 days. After 2 weeks, cells were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet. Visible colo-
nies were manually counted. For the xCELLigence System,
8000 cells/100 pL were seeded in E-plates, and the plates were
locked into the RTCA DP device in the incubator. The proliferative
ability in each well was automatically monitored by the xCELLigence
System, and expressed as a “cell index” value. All experiments were
repeated at least three times.

2.8 | Assessment of apoptosis: TUNEL staining

TUNEL kits (KeyGEN BioTECH, KGA7062, China) were used to
detect DNA fragmentation of apoptotic cells. After transfection,
4 x 10° cells were seeded in 24-well plates for 24 hours. Then, cells
were incubated at 37°C for 1 hour with terminal deoxynucleotidyl
transferase enzyme and cell nuclei were counterstained with DAPI.
Images were obtained from a fluorescence microscope for further

calculation of apoptosis proportion.

2.9 | Luciferase reporter assay

HEK293T cells were grown in 24-well plates using DMEM contain-
ing 10% FBS (Invitrogen). Luciferase reporter genes were then co-
transfected into cells, together with the indicated expression plas-
mids or microRNA mimics. The Ramlila luciferase expression vector
CMV-Empty or miR-nc was used as an internal control. After
48 hours, cells were harvested and assessed for luciferase activity
using the Dual Luciferase Reporter Assay System (Promega, Madi-
son, WI, USA). Relative luciferase activity was corrected for Renilla
luciferase activity of CMV-Empty or miR-nc, and normalized to the

activity of the control.

2.10 | ChIP assay

ECA109 cells were cross-linked in 4% paraformaldehyde and the
reaction was quenched with glycine. After two washes with cold
PBS, cells were scraped in 0.5 mL swelling buffer and incubated on
ice for 10 minutes. Pelleted cells were resuspended in lysis buffer
and incubated on ice for 10 minutes. Chromatin DNA was soni-
cated and centrifuged for 10 minutes at 12 000 g at 4°C. HOXC13
was immunoprecipitated from the cleared lysates for 2 hours with
a mouse monoclonal anti-HOXC13 antibody (Santa Cruz, sc-81967)
coupled to agarose beads (Resin M2, Sigma, Shanghai, China). After
washing and elution, the protein-DNA complex was reversed by

heating at 65°C for 4 hours. Eluate was adjusted to 40 mmol/L
Tris pH 6.8, 10 mmol/L EDTA, then incubated with RNase A, and
followed by proteinase K. DNA was recovered by phenol:chloro-
form extraction. PCR was performed with MasterMix from 5 Prime
with the following primer sets:

CASP3  (Primerl) promotor, 5-TGAGGCAGAAAAAGGACT
GTCA-3' (Forward) and 5-GGGGTTAAGTAGTTTGCTGTTGC-3
(Reverse); CASP3 (Primer2) promotor, 5-TGGGAGTGGGTCCTATTTC
TCA-3' (Forward) and 5-AGGCCTTTCTTTATCCCTCCT-3' (Reverse);
control primers, 5-GGGAGTGGGTCCTATTTCTCA-3' (Forward) and
5-GGCCTTTCTTTATCCCTCCTGAA-3' (Reverse).

2.11 | Statistical analysis

All results are presented as the mean + SD. Student’s t-test, xz-test,
Cox regression analysis, Pearson test, one-way ANOVA analysis and
Kaplan—Meier survival analysis were used to analyze the data using
SPSS Statistics software (version 20.0, Chicago, IL, USA). P < .05
was considered statistically significant. Graphs were made using the
GraphPad Prism 6.0 software package (La Jolla, CA, USA).

TABLE 1 Correlation between HOXC13 expression and clinical
characteristics

Low level of High level of
HOXC13 HOXC13
expression expression
Characteristics number number P-value
Age (years)
<65 21 26 .297032
>65 25 20
Sex
Male 40 42 .502915
Female 6 4
Metastasis
MO 31 35 .352308
M1-MX 15 11
Lymph node
NO 20 19 16014
N1 20 14
N2-NX ) 13
Primary tumor
T1 13 2 .010528*
T2 8 13
T3 24 27
T4 1 4
TNM stage
| 12 2 .031380*
Il 18 20
1] 12 18
[\ 4 6

*Significant correlation.
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3 | RESULTS
3.1 | HOXC13 is highly expressed in esophageal

squamous cell carcinoma tissues, and correlates with
poorer prognosis and more aggressive clinical
characteristics

By analyzing the TCGA_ESCA_exp_HiSeq-2015-02-24 dataset, we

Cancer Science RIS s

esophageal carcinoma tissues than in para-tumor tissues (Figure 1A).
For the 184 cases of esophageal carcinoma tissues with clinical
prognosis and TNM stage information, we interpreted cases in the
upper quartile of HOXC13 expression as having “high HOXC13
expression,” and cases in the lower quartile as having “low HOXC13
expression.” Survival curve analysis demonstrated that patients with
low expression of HOXC13 presented a higher percentage of overall

survival than patients with high expression of HOXC13 (median sur-

found that expression of HOXC13 is significantly higher in vival 1599 vs 855 days; P =.0308, Figure 1B). In addition,
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(A) Gene Ontology pathway analysis
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correlation analysis between HOXC13 expression and clinical charac-
teristics indicated that expression of HOXC13 is closely linked to pri-
mary tumor stage (P =.010528) and TNM stage (P =.031380)
(Table 1). By measuring the mRNA expression of HOXC13 in ESCC
tissues from patients at the Nanjing Jinling Hospital, we found that
HOXC13 was upregulated in 86.7% of 60 ESCC tissues (Figure 1C),
and overexpression of HOXC13 was associated with greater T stage
(P =.0338), N stage (P =.0003) and TNM stage (P = .0062) (Fig-
ure 1D).

3.2 | Knockdown of HOXC13 inhibits esophageal
squamous cell carcinoma proliferation and induces
apoptosis in vitro

Confirmed by qRT-PCR and western blot, HOXC13 mRNA level and
protein expression were generally higher in ESCC cell lines compared
with normal human esophagus cell lines (HET1A), with the ECA109

and TE13 cell line showing the highest expression values (Figure 1E,

Cancer Science RUIo= e

F). To further investigate the biological function of HOXC13 in
ESCC, we conducted two shRNA (shl and sh2) to knockdown
HOXC13 in ECA109 and TE13 cells. Transfection efficiency was
evaluated by gqRT-PCR and western blot (Figure 2A,B). Cell Counting
Kit-8 (CCK-8) assay, colony formation test and xCELLigence System
assay all revealed that knockdown of HOXC13 inhibited proliferation
of ECA109 and TE13 cells (Figure 2C-E). The effect of HOXC13 on
apoptosis was then evaluated by TUNEL staining. Results indicated
that knockdown of HOXC13 significantly induced apoptosis in
ECA109 and TE13 cells (Figure 2F).

3.3 | HOXC13 promotes esophageal squamous cell
carcinoma proliferation through influencing CASP3

To explore how HOXC13 exerts its oncogenic activity, a list of the
120 genes that had the highest correlation values with HOXC13
were selected from TCGA esophageal carcinoma dataset. Gene

ontology pathway analysis showed that genes co-expressed with
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HOXC13 were enriched in the “transcription,” “apoptotic process”
and “proliferation” pathway (Figure 3A). As HOXC13 might play a
pivotal role in apoptosis, we sought to investigate the influence of
HOXC13 on apoptosis-related genes. Using gRT-PCR and western
blot analysis, we found that expression of CASP3 was significantly
upregulated by knockdown of HOXC13 (Figure 3B,C). To clarify
whether the effect of HOXC13 on proliferation and apoptosis relied
on CASP3, Z-DEVD-FMK, a specific caspase-3 inhibitor, was intro-
duced into sh-HOXC13-treated ECA109 cells. Western blot showed
that Z-DEVD-FMK decreased the expression of CASP3 and upregu-
lated PARP, which is the digestion substrate of caspase-3 (Fig-
ure 3G). Z-DEVD-FMK could partially reverse the influence of sh-
HOXC13 on proliferation and apoptosis in ECA109 cells (Figure 3D-
F). Moreover, ectopic expression of HOXC13 promotes proliferation
of TE3 cells (Figure 4A-C) and inhibits apoptosis (Figure 4D). The

(A) (B)
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D
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expression of CASP3 was significantly downregulated by overexpres-
sion of HOXC13 (Figure 4E,F). Our results demonstrated that
HOXC13 might promote ESCC cell proliferation by regulating apop-
tosis, especially by influencing CASP3.

3.4 | Knockdown of HOXC13 suppresses tumor
growth in vivo

Xenograft tumor models were used to assess the oncogenic role of
HOXC13 in vivo (Figure 5A). Compared with the control group,
tumor volume and tumor weight were smaller in the sh-HOXC13-
treated groups (Figure 5B-D). Immunohistochemistry (IHC) analysis
revealed that tumors derived from sh-HOXC13 transfected cells
showed thicker staining of CASP3 than those in the sh-nc group
(Figure 5E).

sh-HOXC13

CASP3

FIGURE 5 Knockdown of HOXC13
inhibits tumor growth in vivo. A,B, Tumor
nodules from mice injected with sh-
HOXC13 cells were smaller than those
injected with sh-nc cells. C,D, Compared
with the sh-nc group, the sh-HOXC13
group has reduced tumor volume and
weight. E, IHC analysis of xenograft
tumors showed that CASP3 staining was
thicker in the sh-HOXC13 group
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3.5 | HOXC13 represses transcription of CASP3 by
directly targeting its promotor region

By analyzing the JASPAR database, we found that HOXC13 has bind-
ing sites with the —2000 bp promotor region of CASP3 (Figure 6A).
Next, the promoter region containing the HOXC13 binding site was
cloned into luciferase reporter vector using genomic DNA and the
mutant type was constructed as negative control (Figure 6B). Co-
transfections of the luciferase reporter with CMV-HOXC13 expres-
sion vectors demonstrated that HOXC13 inhibited transcriptional
activity of the CASP3 promoter in HEK293T cells (Figure 6C,D). To
determine whether HOXC13 physically bound to the CASP3 pro-
moter region, ChIP was perfomed with anti-HOXC13 antibody and
compared to control IgG. Results demonstrated that HOXC13 specifi-
cally bound to the CASP3 promoter DNA (Figure 6E,F).

3.6 | MIiR-503 inhibits proliferation and induces
apoptosis in ECA109 cells through downregulation of
HOXC13 by directly targeting its 3'UTR

To identify potential miRNA that target HOXC13, the mirSVR pre-
dicted target site scoring method was used. MiR-503 showed

Cancer Science RUI0= e

great possibility to bind the 3'UTR of HOXC13 (Figure 7A). Luci-
ferase reporter assays demonstrated that miR-503 decreased the
luciferase activity of the reporter plasmid carrying the wild-type
HOXC13 3’-UTR but not its mutated version (Figure 7B,C). QRT-
PCR and western blot also revealed that miR-503 was able to
decrease the expression of HOXC13 while increase the expression
of CASP3 (Figure 7D). Further investigation showed that miR-503
inhibited proliferation (Figure 7E,F) and induced apoptosis (Fig-
ure 7G) in ECA109 cells. The expression of miR-503 in ESCC tis-
sues was measured by gRT-PCR, and results showed that miR-
503 was significantly downregulated in ESCC tissues compared
with adjacent normal tissues and there is a negative correlation
between expression of miR-503 and HOXC13 in ESCC tissues
(Figure 7H).

3.7 | MIiR-503 inhibits tumor growth in vivo

To confirm the growth-inhibitory effect of miR-503 on ESCC cells
in vivo, the subcutaneous growth of tumors derived from ECA109
cells transfected with miR-503 or miR-nc was assessed and xenograft
tumors were harvested 6 weeks after injection (Figure 8A,B). Tumor
volume and weight were significantly reduced in miR-503-transfected
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tumors compared with miR-nc (Figure 8C,D). Immunohistochemistry 4 | DISCUSSION
(IHC) analysis showed that HOXC13 protein levels were decreased
while CASP3 protein levels were increased in miR-503-transfected Esophageal squamous cell carcinoma is the predominant pathological

tumors (Figure 8E). type of esophageal cancer, but the etiology remains poorly
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weight. E, Immunohistochemistry (IHC) miR-503

analysis of xenograft tumors showed that
HOXC13 protein level was decreased
while CASP3 protein level was upregulated
in the miR-503 group

understood. Because most patients are diagnosed at a later stage
with distant or lymph node metastasis, ESCC has a poor prognosis.
Therefore, investigating molecules that play important roles in the
initiation and progression of ESCC not only helps to elucidate its
pathogenic mechanism but also might provide novel molecular mark-
ers and therapeutic targets for the diagnosis and treatment of
ESCC.

HOXC13, a member of the homeobox HOXC gene family, has
been reported to be overexpressed in human liposarcomas,*? squa-

mous cell carcinoma,®®

skin tumors®® and prostate cancer.? As a
transcription factor, HOXC13 synergistically regulates the expression
of Zfp521, which has been identified as a B-cell proto-oncogene
causing leukemia.®® Recent studies show that BMI-1, which is a reg-
ulator of HOXC13, and is overexpressed in breast and other cancers,
promotes self-renewal of cancer stem-like cells;** knockdown of

BMI-1 causes cell-cycle arrest, and derepresses p16INK4a in Hela

miR-nc miR-503

CASP3

cells.®> Moreover, knockdown of HOXC13 affected cell growth, and

resulted in cell cycle arrest, in colon cancer.®® In accordance with

HOXC13

these studies, we have uncovered an oncogenic role for HOXC13 in
ESCC, by regulation of apoptosis, especially by influencing CASP3.
Apoptosis is a process of programmed cell death that occurs in
multicellular organisms and inhibition of apoptosis can result in a
number of cancers.2¢*® Apoptosis is generally characterized by
phosphatidylserine externalization, depolarization of mitochondrial
membrane, caspase-3 activation and DNA fragmentation.®?“° As one
of the most important executioners in the apoptotic process, cas-
pase-3 contains a cysteine residue (Cys-163) and a histidine residue
(His-121) that act to stabilize the peptide bond cleavage of the tar-
get protein sequence to the carboxy-terminal side of an aspartic acid
when it is part of a particular 4-amino acid sequence (Asp-x-x-
Asp).*! Caspase-3 has been identified as the downstream of p53,*?
TLR4-ERK1/2-Fas/FasL,*® Bcl-2/Bax-Caspase9** and JNK/c-Jun*®
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and plays vital roles in the genesis and development of multiple type
of cancers. In our study, we demonstrated that HOXC13 represses
transcription of CASP3 by directly targeting its promotor region,
thereby exhibiting its oncogenic role in ESCC.

MicroRNA regulate post-transcriptional gene expression by base
pairing with complementary sequences in the 3-UTR of target
mRNA, and subsequently inducing mRNA degradation or transla-
tional repression.*® In general, one miRNA appears to be able to reg-
ulate several hundred genes; thus, miRNA are involved in a variety
of physiological and pathological processes, including the occurrence
and development of tumors.*”*® Our study confirmed that miR-503
directly targets the 3'UTR of HOXC13 and downregulates its expres-
sion. MiR-503 has been reported to be closely linked to apoptosis
and has been widely studied in cancer. For example, miR-503
induces apoptosis of lung cancer cells by regulating p21 and CDK4

expression;49

miR-503 inhibits hepatocyte apoptosis through bcl-2
pathway;>° and miR-503 induces apoptosis and cell-cycle arrest in
human ovarian endometriotic stromal cells.°* Our data confirmed
that miR-503 targets 3'UTR of HOXC13 and induces apoptosis in
ESCC. Identification of the role of miR-503 in ESCC may lead to the
discovery of promising therapeutic targets and prognostic biomarkers
in ESCC diagnosis and treatment.

In conclusion, our study showed that HOXC13 expression was
significantly elevated in ESCC, and correlated with worse clinical
characteristics and poorer prognosis. HOXC13 promoted prolifera-
tion and inhibited apoptosis through repressing transcription of
CASP3. Moreover, miR-503 was able to inhibit ESCC proliferation
by suppressing the expression of HOXC13.
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