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Increased HOXC6 expression predicts chemotherapy sensitivity
in patients with esophageal squamous cell carcinoma
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Abstract. Increased expression of homeobox C6 (HOXC6)
predicts poor prognosis of patients with esophageal squamous
cell carcinoma (ESCC) and promotes ESCC cell proliferation.
Additionally, the expression of HOXC6 was upregulated in
chemosensitive ESCC cell lines. Therefore, it was hypoth-
esized that HOXC6 may be associated with chemosensitivity
of ESCC. Patients with ESCC who underwent neoadjuvant
chemotherapy followed by surgery by a single-surgeon team
between January 2000 and December 2012 were enrolled in the
present study. Pretreatment biopsy specimens and postopera-
tive resection samples were collected. Immunohistochemistry
was performed to examine HOXC6 expression, and the associ-
ation between HOXC6 expression and tumor regression grade
(TRG) was analyzed. In cell lines exhibiting stable knockdown
of HOXC®6, Cell Counting Kit-8 assays were used to evaluate
the chemosensitivity of cells to various concentrations of
cisplatin and paclitaxel. A total of 51 pretreatment biopsy
specimens were assessed, and patients with increased expres-
sion of HOXC6 in pretreatment biopsy specimens exhibited
higher TRGs. A total of 186 surgical samples were evaluated;
HOXC6 was expressed at a decreased level in patients with
higher TRG and at a high level in patients with lower TRG. In
addition, downregulation of HOXC6 decreased the sensitivity
of ESCC cell lines to cisplatin and paclitaxel, resulting in an
increased half-maximal inhibitory concentration. Increased
expression of HOXC6 prior to treatment was associated with
chemosensitivity in ESCC tissues.
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Introduction

Esophageal cancer is a common malignancy in China, and
surgery is currently the primary treatment modality. The effi-
cacy of surgery is associated with the tumor-node-metastasis
staging of the tumor. For patients with early-stage esophageal
cancer, surgery may provide strong local control; however, in
patients with locally advanced cancer, the benefits of surgery
are limited (1). In previous studies, comprehensive treatments,
particularly those including neoadjuvant therapy, have been
identified to improve the prognosis of patients with locally
advanced cancer (2,3). However, previous studies have demon-
strated that the improved efficacy associated with neoadjuvant
therapy is limited to patients who respond to chemotherapy,
and the prognosis of non-responders is worse compared
with that of patients who received surgery alone (2,4). Thus,
prediction of the efficacy of neoadjuvant chemotherapy prior
to treatment and identifying useful predictive biomarkers is
required.

The highly conserved homeobox (HOX) gene family
serves an important function in embryonic development; it
is responsible for encoding transcription factors that regulate
cell proliferation and differentiation. The expression of HOX
genes strictly follows the principle of temporal and spatial
collinearity. Therefore, the expression patterns of HOX genes
vary according to the type of tissue and the developmental
stage (5,6). Alterations in the expression patterns of HOX gene
family members cause dysregulation of HOX protein function,
further leading to unbalanced cell proliferation and differen-
tiation; this is hypothesized to contribute to tumorigenesis. In
the last two decades, studies have identified that the expression
patterns of HOX genes are abnormal in a variety of tumors,
including esophageal cancer (7-11). Our previous studies (8,10)
demonstrated that HOXC6 serves a key function in esophageal
squamous cell carcinoma (ESCC) and is abnormally expressed
in ESCC tissues. Single-surgery patients with increased
expression of HOXC6 exhibited a significantly shorter median
survival time compared with patients with decreased expres-
sion of HOXC6. Additionally, we previously demonstrated
with in vitro study that cell strains with decreased expression
of HOXC6 exhibit markedly lower proliferation capacity, and
higher apoptosis rates, compared with cell lines with increased
expression of HOXC6 (unpublished data). We previously
applied gene expression profiling to analyze the gene expression
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difference between chemosensitive and chemoresistant cell
lines and found that cells exhibiting high HOXC6 expression
are more sensitive to cisplatin and paclitaxel (12). Therefore,
it is hypothesized that HOXC6 may be involved in mediating
chemosensitivity in patients with ESCC. In the present study,
the association between HOXC6 expression in ESCC tissues
from patients who received neoadjuvant chemotherapy and
the pathological indicator of tumor regression grade (TRG),
which reflects chemoresponsiveness, were investigated. The
applicability of HOXC6 as a biomarker for the prediction of
neoadjuvant chemotherapy outcomes was also assessed and
the results were validated in vitro.

Materials and methods

Patients and specimens. In total 224 patients who under-
went neoadjuvant chemotherapy and esophagectomy by a
single-surgeon team between January 2000 and December
2012, at the Department of Thoracic Surgery, Peking
University Cancer Hospital (Beijing, China) were enrolled
in the present study. Of the 224 patients, 176 were male, 48
were female and the mean age was 59.7 years. A total of
51 cases of formalin-fixed paraffin-embedded blocks of
pretreatment biopsies and 186 cases of resected specimens
were collected. The present study was approved by the Ethics
and the Academic Committees of Peking University School of
Oncology (Beijing, China) and informed verbal consent was
obtained from all patients.

Neoadjuvant chemotherapy. A platinum-based two-drug
combination, primarily paclitaxel/cisplatin at a proportion
of 95 and 5% was 5-FU/cisplatin, was used in neoadjuvant
chemotherapy. On day 1, paclitaxel, at a dose of 175 mg/m?
of body surface area, was administered intravenously. On
days 1-3, cisplatin, at a dose of 25 mg/m? of body surface area,
was administered intravenously and a single cycle of treat-
ment lasted 21 days. Enhanced chest computed tomography
(CT) and esophagography were used to evaluate the curative
effects of the treatment. Between 1 and 4 cycles of neoadjuvant
chemotherapy were administered prior to surgery.

Tumor regression grade assessment. All enrolled subjects
were reviewed again by two experienced pathologists who
were blinded to the clinical information and gene expression.
Tumors were graded using the TRG; a four-point scale based
on the histological tumor response assessment, described by
Mandard et al (13). This assessment was defined as: Grade I, no
residual tumor cells; grade II, almost complete response with
<10% vital residual tumor cells (VRTCs); grade III, 10-50%
VRTCs; and grade IV, >50% VRTCs. In the present study,
histological tumor response was classified as major (TRG1/2/3)
or minor (TRG4) histopathological tumor response.

Cell lines and cell culture. Human ESCC EC109 cells were
obtained from the Cancer Hospital of the Chinese Academy
of Medical Science (Beijing, China). Human ESCC KYSE
150, KYSE410, KYSE450 and KYSES10 cells were purchased
from the Japanese Collection of Research Bioresources cell
bank (Osaka, Japan). Cells were cultured in RPMI-1640
medium (Hyclone; GE Healthcare, Logan, UT, USA) with 10%
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heat-inactivated fetal bovine serum at 37°C in a humidified
atmosphere containing 5% CO,.

A cellular model for stable HOXC6 knockdown was estab-
lished in KYSE450 cells. A total of 3x10° KYSE450 cells per
well were plated in a 6-well plate and were grown overnight, in
the conditions previously described, to 80% confluence. Then
the cells were transfected with 100 x1 medium containing
either short hairpin RNA (shRNA; lentivirus-plasmid-medi-
ated) against HOXC6 (sequence: GGACATAACACCAGACC
TCA) or scrambled shRNA, in the Pglv3/GFP+puro vector (all
from Shanghai GenePharma Co., Ltd., Shanghai, China).
Stably transfected cells were selected with 2 yg/ml puromycin
(Amresco, LLC, Solon, OH, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA from EC109, KYSE150, KYSE410,
KYSE450 and KYSES510 cells was extracted with Trizol
(Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA,
USA) according to the manufacture's protocol and 1 xg RNA
was reverse-transcribed using the RevertAid First Strand
cDNA Synthesis kit (Thermo Fisher Scientific Inc.). The
reverse transcription reaction was performed sequentially for
60 min at 42°C and for 5 min at 70°C. gPCR was performed
using Power SYBR-Green PCR Master Mix (Thermo Fisher
Scientific Inc.). PCR runs and fluorescence detection were
performed in a Rotor-Gene 6000 Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
sequences of the PCR primers were as follows: HOXC6
forward, 5'-CACCGCCTATGATCCAGTGAGGCA-3' and
reverse, 5'-GCTGGAACTGAACACGACATTCTC-3",
GAPDH forward, 5-CTCTGACTTCAACAGCGACACC-3;
and reverse, 5'-CTGTTGCTGTAGCCAAATTCGTT-3". The
cycling conditions were as follows: 95°C for 10 min followed
by 40 cycles of 95°C for 20 sec, 58°C for 20 sec and 70°C for
20 sec. GAPDH was used as an internal control. The 2-44¢4
method was used to determine the RNA expression level (14).
All experiments were performed in triplicate.

Western blotting. The proteins were extracted by using
radioimmunoprecipitation lysis buffer and separated by 10%
SDS-PAGE with 30 pg protein per lane and transferred onto
a polyvinylidene fluoride membrane, followed by western blot
analysis. The membrane was blocked using 5% bovine serum
albinum atroom temperature for 1 h. It was then immunoreacted
with rabbit anti-HOXC6 polyclonal antibody (dilution, 1:300;
#ab151575; Abcam, Cambridge, UK) as primary antibody.
Goat anti-rabbit polyclonal horseradish peroxidase-conjugated
IgG was used as a secondary antibody. Immunoreactivity
was detected using an enhanced chemiluminescence reaction
kit. As a loading control, GADPH was detected using a goat
polyclonal antibody (dilution, 1:2,000; #ab9845; Abcam). All
experiments were performed in triplicate.

Cell Counting Kit-8 (CCK-8) assay. Cells were plated in 96-well
plates atadensity of 10,000 cells/well in 100 1 complete medium
and incubated overnight at 37°C. The cells were then treated
with gradient dilution of cisplatin (0.2,0.4,0.8,1.6,3.2,6.4,12.8
and 25.6 pg/ml) and paclitaxel (0.002,0.008,0.032,0.128,0.512,
2.048, 8.192 and 32.768 yM) in 100 pl complete medium. After
48 h of incubation, 100 ul CCK-8 reagent (Dojindo Molecular
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Figure 1. Expression of HOXC6 protein in ESCC. (A) Increased expression of HOXC6 in ESCC (magnification, x200). (B) Negative expression of HOXC6 in
normal esophageal epithelium (magnification, x200). HOXC6, homeobox C6; ESCC, esophageal squamous cell carcinoma.

Table I. Association of HOXC6 expression in pretreatment
biopsies TRG (n=51).

HOXC6 expression TRG1/2/3, TRG4,

(endoscope) n (%) n (%) P-value
Low 6 (18.8) 9(474) 0.030
High 26 (81.3) 10 (52.6)

HOXC6, homeobox C6; TRG, tumor regression grade.

Table II. Association of HOXC6 expression in postoperative
specimens and TRG (n=164).

HOXC6 expression TRG2/3, TRG4,

(endoscope) n (%) n (%) P-value
Low 41 (62.1) 25 (37.9) 0.005
High 39 (39.8) 59 (60.2)

TRG1 was defined as ‘no residual tumor cells’, so TRG1 samples
were not included in this cohort of resected specimens. HOXC6,
homeobox C6; TRG, tumor regression grade.

Technologies Inc., Kumamoto, Japan) was added to each well.
After 4 h of incubation at 37°C, the absorbance of each well
was measured at 450 nm using a VersaMax microplate reader
(Molecular Devices, LLC, Sunnyvale, CA, USA).

Immunohistochemistry (IHC). The sections were deparaffinized
in xylene and rehydrated using decreasing concentrations of
ethanol (100, 95, 85 and 75% ethanol). Following routine depa-
raffinization and rehydration, tissue sections were treated with
3% H,0, and then heated in citrate buffer (pH 6.0) for antigen
retrieval. The HOXC6 antigen-antibody reaction occurred over-
night at 4°C, following blocking with goat serum (ZSGB-Bio,
Beijing, China). The streptavidin/peroxidase amplification kit
(Zymed; Thermo Fisher Scientific, Inc.) was used to detect the
signal of the HOXC6 antigen-antibody reaction. Peroxidase
activity was developed with diaminobenzidine. All sections
were counterstained with hematoxylin. Purified rabbit poly-
clonal antibody against human HOXC6 (cat no. #ab151575;
Abcam) was used at a dilution of 1:200, and biotin-conjugated

goat anti-rabbit IgG was used as secondary antibody (dilution,
1:300; cat no. SPN-9001; ZSGB-Bio). Immunohistochemical
signals were scored by two independent observers. The scores
were calculated by multiplying the staining intensity and extent.
The staining intensity was categorized by relative intensity as
follows: 0, negative; 1, weak; 2, moderate; and 3, strong. Scores
<3 were considered as low-level expression, whereas scores 3
were considered as high-level expression.

Statistical analysis. SPSS software (version 19.0; IBM SPSS,
Armonk, NY, USA) was used to perform the statistical analysis.
All in vitro experiments were performed at least three times
with triplicates. When the data from different groups were
compared, normal analysis and homogeneity of variance were
checked first, and then an unpaired two-tailed Student's t-test
analysis was used. Results are presented as the mean + stan-
dard deviation. The association between gene expression and
TRG were evaluated using a y* test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Increased HOXC6 expression is associated with tumor regres-
sion in patients with ESCC. To investigate the association
between HOXC6 expression and chemoresistance, IHC was
performed in 51 cases of patients with complete pretreatment
biopsies and matched resected specimens. HOXC6 was over-
expressed in ESCC cells compared with the normal epithelium
(Fig. 1). HOXC6 expression in the pretreatment biopsies was
associated with the response to chemotherapy in this set of
patients with ESCC, but not resected specimens. The patients
with high expression of HOXC6 in pretreatment biopsies
achieved improved objective response to chemotherapy
(TRG1/2/3). A total of 26 samples from patients sensitive
to chemotherapeutic drugs exhibited significantly increased
HOXC6 expression, and 9 cases from patients resistant to
anticancer drugs exhibited decreased HOXC6 expression
(Table I). To further investigate the association between
HOXC6 expression in resected specimens and TRG, HOXC6
expression was examined in a larger cohort. The results
revealed that in 164 cases of resected specimens (samples with
TRG1 were not included, as TRG1 was defined as ‘no residual
tumor cells’), the patients who exhibited an improved response
to chemotherapy were associated with decreased expression of
HOXC6 (Table II).
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Relative mRNA level

Figure 2. Relative expression of HOXC6 at the mRNA level in the panel of
esophageal squamous cell carcinoma cell lines. Basal HOXC6 expression was
determined using the reverse transcription-quantitative polymerase chain
reaction. EC109 (relatively sensitive cell line) exhibited ~10-fold upregula-
tion of basal HOXC6 expression compared with relatively resistant cell lines
(KYSES510 and KYSE410). Results are expressed as the mean + standard
deviation relative to EC109 for triplicates from three independent experi-
ments. HOXC6, homeobox C6.

Downregulation of the HOXC6 gene increases ESCC cell
chemoresistance. In our previous study (12), the inhibition of
cell proliferation induced by chemotherapy agents cisplatin
and paclitaxel was determined in a panel of 5 ESCC cell lines
(EC109, KYSE450, KYSES10, KYSE410 and KYSES10).
It has been demonstrated that EC109 was relatively sensi-
tive, KYSE 410 and KYSES510 were relatively resistant, and
KYSE450 and KYSE150 exhibited intermediate sensitivity.
Using microarray gene expression profile analysis on these
cell lines, a 2.6-fold upregulation of HOXC6 was identified in
relatively sensitive ESCC cells, compared with the relatively
resistant ESCC cells. The result was confirmed at the mRNA
level using qPCR (Fig. 2), and was consistent with results from
gene expression profiling. Since HOXC6 was upregulated in
relatively sensitive cells, it was hypothesized that HOXC6
may be involved in chemosensitivity. Previously, three small
interfering RNAs against HOXC6 were designed to inhibit
HOXC6 expression in the intermediately sensitive parental
ESCC cell line KYSE450, and stable knockdown cell lines
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Figure 3. HOXC6 expression at the protein level in esophageal squamous
cell carcinoma cell line KYSE450 with knockdown of HOXC6. HOXC6,
homeobox C6; NC, negative control; sh, short hairpin.

were established (Fig. 3; data not shown). To investigate the
effects of HOXC6 on the chemosensitivity of ESCC, this cell
model was used to determine the effect of HOXC6 on cell
apoptosis induced by chemotherapy agents. Inhibiting HOXC6
also partially inhibited cisplatin and paclitaxel-induced apop-
tosis. Treatment for 48 h with cisplatin and paclitaxel resulted
in increased the half-maximal inhibitory concentration (ICs)
of HOXC6 short hairpin RNA (shRNA)-transfected cells
compared with scrambled shRNA-transfected cells (Fig. 4).

Discussion

In the present study, the expression of HOXC6 was determined
using cytology and THC, and the association between HOXC6
expression and chemosensitivity in ESCC was investigated.
The results demonstrated that HOXC6 expression was asso-
ciated with chemosensitivity in ESCC tissues. Patients with
increased expression of HOXC6 prior to treatment were
more sensitive to chemotherapy, and knockdown of HOXC6
decreased chemosensitivity to cisplatin and paclitaxel in ESCC
cell lines. Thus, determining HOXC6 expression levels prior to
surgery may be a predictor of the response to chemotherapy in
patients with ESCC.

Oncology, also known as ‘disorganized embryology’, is
associated with the disorder of cell proliferation, death, differ-
entiation, recognition and migration, all of which are involved
in embryonic development and cancer. The identification and
application of a-fetoprotein (AFP) and carcinoembryonic
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Figure 4. Knockdown of HOXC6 in KYSE450 cells (an intermediately sensitive cell line) increased the cell viability following treatment with chemotherapy
drugs (A) cisplatin and (B) paclitaxel. Results are expressed as the mean + standard deviation relative to EC109 for triplicates from three independent experi-

ments. HOXC6, homeobox C6; NC, negative control; sh, short hairpin.
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antigen (CEA) confirmed this view, and suggested that studies
of genes and proteins related to embryonic development may
be useful for the identification of clinically applicable tumor
biomarkers.

As key factors controlling embryonic development, HOX
genes have been demonstrated to be abnormally expressed
in a number of types of cancer and are involved in tumor
cell proliferation, differentiation and apoptosis. Numerous
studies (15-18) have also identified the association between
HOX genes and chemosensitivity of tumors. A previous
study (19) using gene expression profiling revealed that HOX
family members, including HOXA9, HOXA10, HOXBI13,
HOXC4, HOXC10, HOXC11, HOXC13 and HOXDI, are acti-
vated in the temozolomide-resistant pediatric glioblastoma cell
line KNS42. Among these activated HOX family members,
HOXA9 and HOXA10 are key factors for predicting chemo-
resistance. Similarly, Tang e al (20) identified that HOXA7,
HOXA9, HOXA13, HOXB2, HOXBS5, HOXB6, HOXB7,
HOXBS, HOXB9 and HOXC9 are overexpressed in the
carboplatin-resistant small cell lung cancer cell line DMS53.
The expression of HOXAT1 in small cell lung cancer tissues is
associated with chemoresponsiveness; patients with increased
expression of HOX A1 are more sensitive to chemotherapy and
thus have improved prognoses compared with patients with
decreased expression of HOXAT1 (16). Consistently, down-
regulation of HOXAS5 expression in breast cancer cells partly
blocks apoptosis induced by retinoic acid-like drugs (21). In
chronic myeloid leukemia cells treated with an Abl kinase
inhibitor (AMN107) and phosphoinositide 3-kinase inhibitor
(LY294002) HOXA10 expression is upregulated, and inhibi-
tion of HOX A 10 expression, using RNA interference, decreases
the sensitivity of chronic myeloid leukemia cells to these two
drugs (22). Similarly, HOXB13 overexpression suppresses the
synthesis of estrogen receptor (ER) and activates the transcrip-
tion of interleukin 6, resulting in resistance to tamoxifen, a
commonly used chemotherapeutic drug in patients with ER(+)
breast cancer (23). Therefore, these studies provide important
insights into the associations between HOX gene expression
and chemoresponsiveness.

In our previous study (12), it was identified that HOXC6
was overexpressed in chemosensitive ESCC cell lines and
downregulated in chemoresistant cell lines using a gene
expression profiling approach. In the present study, these
results were confirmed using qPCR. The influence of HOXC6
on chemosensitivity was further determined using cell
lines exhibiting stable knockdown of HOXC6. The results
demonstrated that inhibition of HOXC6 expression decreased
chemosensitivity and increased the corresponding ICs, values.
Therefore, HOXC6 may be associated with chemoresponsive-
ness in ESCC. To confirm this hypothesis, the expression of
HOXC6 was assessed in pretreatment biopsy specimens and
matched resected specimens from 51 patients with ESCC who
received neoadjuvant chemotherapy. The results demonstrated
that patients with higher TRGs exhibited increased expression
of HOXC6 in pretreatment biopsy specimens, but no associa-
tion between TRG and HOXC6 expression was identified in
resected specimens. The sample size of resected specimens
from patients with neoadjuvant chemotherapy was expanded,
and it was revealed that HOXC6 was expressed at decreased
levels in postoperative samples from patients with higher
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TRGs. Whether HOXC6 may be identified as a potential
predictor for evaluating TRG in patients with ESCC therefore
remains unclear; however, the results of the present study
provide meaningful indications.

There are limitations to the present study. First, the
retrospective nature of the study made it difficult to collect
pretreatment biopsy specimens and postoperative samples
from all patients; therefore, it was not possible to analyze
matched tissues in a large sample size. In other words, since it
was only possible to analyze the samples that were available,
it was not possible to conclusively define the role of HOXC6 in
predicting the chemoresponsiveness of ESCC tumors. Larger
prospective studies are required to validate the results of the
present study.
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