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Abstract

BACKGROUND: Homeobox (HOX) genes are expressed in adult cells and regulate expression of genes
involved in cell proliferation as well as cell-cell and cell-extracellular matrix interactions. Dysregulation of
HOX gene expression plays important roles in carcinogenesis in a variety of organs. Through data mining on
a published transcriptome dataset, this study first identified Homeobox protein Hox-Cé (HOXC6) gene as
one of the differentially upregulated genes in nasopharyngeal carcinoma (NPC). We aimed to evaluate
HOXC6 expression and its prognostic effect in a large cohort of NPC patients.

METHODS: We retrospectively examined the HOXC6 expression and Ki-67 index by
immunohistochemistry in biopsy specimens from 124 patients with non-metastasized NPC. The results were
correlated with the clinicopathological variables including disease-specific survival (DSS), metastasis-free
survival (MeFS), and local recurrence-free survival (LRFS).

RESULTS: HOXC6 high expression was positively correlated with increased Ki-67 labeling index, and
significantly associated with increment of tumor stage (p=0.024), advanced nodal status (p<0.001) and
American Joint Committee on Cancer (AJCC) stage (p=0.002). Its expression also correlated with worse
prognosis in terms of DSS (p=0.008), MeFS (p=0.0047) univariately. In multivariate analyses, HOXCé6
expression still remained prognostically independent to portend worse DSS (p=0.015, hazard ratio=1.988)
and MeFS (p=0.036, hazard ratio=1.899), together with stage IlI-IV (p=0.024, DSS; p=0.043, MeFS).

CONCLUSION: In summary, our results suggest HOXCé may play a critical role in NPC progression and
may serve as a potential prognostic biomarker in NPC patients.

Key words: HOXC6, nasopharyngeal carcinoma, Prognosis.

Introduction

Nasopharyngeal carcinoma (NPC) is one of the
most lethal malignancies with the highest prevalence
in southern China and south-east Asia, and is closely
associated with Epstein-Barr virus (EBV) infection [1].
In Taiwan, the incidence of NPC is eight to ten cases
per 100,000 person/years (database from Bureau of
Health Promotion, Taiwan). Most NPC are
histologically poorly differentiated or
undifferentiated, with a great tendency towards
regional invasion and lymph node metastases.
Despite a high loco-regional control rate with modern
radiotherapy, distant metastasis remains a major

threat to NPC patients, highlighting the complex
nature of NPC tumorigenesis and importance of
effective systemic therapy [2]. Although conventional
TNM staging information has a strong prognostic
significance in NPC, there are limited predictive
biomarkers of chemo-radiotherapy responses for this
cancer. To identify critical genes associated with
tumorigenesis in NPC, we analyzed gene expression
in a published transcriptomic dataset and identified
the HOXC6 gene as one of the differentially
upregulated genes associated with the regulation of
transcription from the RNA polymerase II promoter
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in the transcriptome of NPCs. We explored the
significance of the HOXC6 expression status using
immunohistochemistry and  characterized the
association of this gene with cell proliferation via
Ki-67 labeling in a large cohort of NPC patients.

In the last decade, a great deal has been learned
about the molecular genetic regulation of mammalian
embryonic development. Mammalian homeobox
genes that share a homeodomain highly related to the
homeodomain of the Drosophila Antennapedial
Bithorax complex genes have been identified [3].
Mouse and human genes belonging to this class are
termed HOX genes [4, 5]. In humans, four distinct
clusters (HOXA, HOXB, HOXC, and HOXD) have
been identified on four distinct chromosomes
(chromosome 7, 17, 12, and 2, respectively) [6]. These
clusters contain transcription factors involved in
controlling and coordinating complex functions
during development via spatial and temporal
expression patterns. HOXC6 is one of several HOXC
genes located in a cluster on chromosome 12.

Increasing evidence has shown that the
dysregulation of HOX gene expression plays
important roles in carcinogenesis [7, 8], although the
precise mechanisms are incompletely understood. In
some cases, these genes may function as transcription
factors that stimulate the expression of growth factors,
such as the HoxB7-mediated up-regulation of
fibroblast growth factor in melanomas [9]. The
overexpression of HOXC6 has been observed in
human prostate cancer, where it inhibits apoptosis
[10, 11].

Despite many reports of aberrant homeobox
gene expression in solid tumors, our current
knowledge is far from complete. Currently, the
expression status and clinical relevance of the HOX
genes in NPC have not yet been investigated.
Assuming  thatthe oncogenic activities  of
homeoproteins being attributed to inappropriate
effects on cell-cycle regulation, we intended to

perform a comprehensive survey of HOXC6
expression in association with cellular proliferation
and its correlations with clinicopathological
parameters in NPC specimens. Ki-67 is an established
cellular marker for proliferation, expressed in all
cycling cells, except resting cells in GO phase. Its
cellular function, however, remains elusive. It has
been suggested that Ki-67 functions primarily in
mitosis, and may also be involved in DNA synthesis
[12]. Hence, we chose Ki-67 as one of the pathological
parameters and checked its correlation with HOXC6
expression.

Materials and Methods
Data mining of the GEO database

To identify critical genes in the pathogenesis of
NPC, we reappraised the transcriptome dataset
deposited in Gene Expression Omnibus (GDS3610) of
NPC  tissues (n=25) versus non-neoplastic
nasopharyngeal mucosal epithelial tissues (n=3)
enriched by laser capture microdissection of the cells
of interest (Fig. 1). We analyzed the gene expression
levels by importing the raw CEL files of the
Affymetrix HUMAN Genome U133 Plus 2.0
microarray platform into Nexus Expression 3
software (BioDiscovery) as previously described
[12-14]. All probe sets were tested without
pre-selection or filtering. Supervised comparative
analysis and functional profiling were performed to
identify significant differentially expressed genes
associated with the regulation of transcription from
the RNA polymerase II promoter in the transcriptome
of NPCs. Those with p<0.01 and log2-transformed
expression fold-change >1 were selected for further
analysis. Among the statistically significant genes,
HOXC6 appeared as the top ranking differentially
expressed candidate (Table 1), prompting us to
further characterize the immunoexpression level of
HOXC6 in the NPC cohort.

Table 1. Summary of differentially expressed genes associated with regulation of transcription from RNA polymerase Il promoter in the

transcriptome of nasopharyngeal carcinomas

Probe Comparison 1 Log  Comparison Gene  Gene Name

Biological Process

Molecular Function

ratio (NPC vs. p-value Symbol
Non-tumor tissue)
206858_s_at 3.0467 <0.0001 HOXC6 homeobox C6 multicellular organismal development, DNA binding, sequence-specific
regulation of transcription, regulation of DNA binding, transcription
transcription from RNA polymerase II promoter, corepressor activity, transcription
regulation of transcription; DNA-dependent, factor activity
transcription
229551_x_at 1.9493 <0.0001 ZNF367 zinc finger regulation of transcription from RNA DNA binding, metal ion binding,
protein 367 polymerase II promoter, regulation of nucleic acid binding, transcription
transcription; DNA-dependent, transcription factor activity, zinc ion binding
225655_at  1.7408 <0.0001 UHRF1 ubiquitin-like; DNA repair, cell cycle, cell proliferation, protein DNA binding, RNA polymerase I

containing
PHD and
RING finger
domains; 1

modification process, regulation of transcription transcription factor activity, ligase
from RNA polymerase II promoter, regulation of activity, metal ion binding, protein
transcription; DNA-dependent, response to DNA binding, transcription factor

damage stimulus, transcription, ubiquitin cycle

activity, zinc ion binding
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Figure 1. A heat map demonstrating data mining on GDS3610 (GEO database). Specimen identity of non-tumor (n=10) and tumor (n=31) are shown. Low

expression values are green, progression to dark and reds for higher values.

Patients and tumor specimens

The use of formalin-fixed NPC tissues was
approved by the institutional review board
(IRB10302013). Available paraffin-embedded tissue
blocks were retrieved from 124 consecutive NPC
patients who underwent biopsies between January
1993 and December 2002 as previously reported
[13-15]. All patients were free of distant metastases
during initial diagnosis. The histological subtypes
were reappraised according to the current WHO
classification and, the tumor staging was documented
according to the 7th American Joint Committee on
Cancer (AJCC) system by two pathologists (TJC and
KTW), independently.

Immunohistochemical staining of HOXCé6 and
Ki-67

The protocol for immunostaining was based on
our previous works [18-20]. In short, tissue sections
were cut from paraffin-embedded blocks at 3-pm
thickness and placed onto pre-coated slides. The
slides were subsequently deparaffinized with xylene
and rehydrated with ethanol washes using routine
methods. Antigen retrieval was performed with 10
mM citrate buffer (pH 6.0) by heating in a microwave
at a controlled final temperature of 121 °C for 10
min. After blocking endogenous peroxidase with 3%
H,0O,, the slides were washed with Tris-buffered
saline for 15 min and incubated with a primary
antibody targeting HOXC6 (dilution 1:200, ab41587,
Abcam, Cambridge, UK) or Ki-67 antigen (dilution

1:200, clone MIB-1, sc-101861, Santa Cruz) for 1 hour,
respectively. Primary antibodies were detected using
the ChemMate DAKO EnVision kit (DAKO, K5001,
Carpinteria, CA). The slides were subsequently
incubated with the secondary antibody for 30 min at
room temperature, developed with
3,3-diaminobenzidine for 5 min, and counterstained
with hematoxylin, followed by dehydration and
mounting. Rabbit serum IgG was used as a negative
control.

Immunohistochemical data analysis and
scoring of HOXCé and Ki-67

Two pathologists (TJC and KTW) scored the
HOXC6 expression and the Ki-67 labeling index using
a multi-headed microscope, reaching consensus for
each case without knowing the associated
clinicopathological parameters and clinical outcomes
of the patients. The immunoreactivity of HOXC6 and
Ki-67 was assessed based on the histological score (H
score) as previously described [18-20]. Briefly, this
score was calculated using the following equation: H
score=2Pi (i + 1), where i stands for the intensity
(ranging from 0 to 4), and Pi is the percentage of the
stained tumor cells of intensity varying from 0 to
100%. Cases with an H score larger than the median
value were determined to have high expression.

Treatment and follow-up

All 124 cases received complete courses of
radiotherapy with daily fractionation of 180-200 cGy
and five fractions weekly (total dose >7000 cGy). The
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patients with stage II-IV diseases also received
cisplatin-based chemotherapy in addition to a
complete course of radiotherapy according to the
previously published protocol [16]. Seven patients
treated in the earlier phase of the cohort were not
available for instantaneous image studies after
therapy as a baseline for evaluating treatment
response. There were 110 complete responders and
seven partial responders according to a previously
reported methodology adapted from WHO criteria
using clinical examinations and imaging modalities to
assess treatment responses. The radiotherapy protocol
was generally constant over this period. All 124
patients were regularly monitored after radiotherapy
until death or their last visit to our hospital, with a
mean follow-up duration of 67 months (median 71;
range 1-141) for the total cohort and 94 months
(median 95; range 10-141) for those without further
events.

Statistical analysis

The SPSS V.14 software package was used to
perform statistical data analyses. The Chi-square test
was applied to analyze the relationship
between HOXC6 immuno-expression and various
clinicopathological ~parameters. The endpoints
analyzed were local recurrence-free survival (LRFS),
distant metastasis-free survival (DMFS), and
disease-specific survival (DSS) were calculated from
the starting date of radiotherapy to the date of an
event. Patients lost to follow-up were censored on the
latest follow-up date. Multivariate analysis was
performed using the Cox proportional hazards model.
Kaplan-Meier analysis and log-rank tests were also
performed to compare prognostic differences between
two groups. For all analyses, a P-value <0.05 was
considered statistically significant.

Results

As shown in Table 2, 124 cases of NPC
comprised 5 keratinizing squamous cell carcinomas,
42 non-keratinizing differentiated carcinomas, and 77
non-keratinizing, undifferentiated carcinomas. A total
of 95 males and 29 females with a mean age of 48.6
years (range, 20-83) were included in the present
study. Seven cases were classified as stage I; 31 cases
were classified as stage 1I; 46 cases were classified as
stage III; and 40 cases were classified as stage IV. All
124 cases had been tested for EBV infection by in situ
hybridization for the EBV-encoded mRNA
(EBER-ISH) as stated in our previous same cohort
[17]. All but one had EBER expression. The only one
EBER-negative case was classified as keratinizing
squamous cell carcinoma.

Table 2. Associations between HOXC6 and Ki-67 expressions
with other important clinicopathologic variables.

Parameters ~ Category HOXC6 Exp. p-value Ki-67 p-value
Low  High Low High
Gender Male 46 49 0524 50 45  0.289
Female 16 13 12 17
Age (years) <60 years 46 52 0186 49 49 1.000
>=60 years 16 10 13 13
Primary T1-T2 46 34 0.024* 43 37 0.260
tumor (T)
T3-T4 16 28 19 25
Nodal status NO-N1 38 18 <0.001* 26 30 0470
N)
N2-N3 24 44 36 32
Stage I-1I 27 1 0.002* 19 19 1.000
I-1v 35 51 43 43
Histological Keratinizing 2 3 0814 3 2 0.163
grade
Non-keratinizing 20 22 16 26
Undifferentiated 40 37 43 34
Ki-67 Low Exp. 41 21 <0.001* -
High Exp. 21 41 -

*, Statistically significant

Normal nasopharyngeal mucosa presented
either negative or very low HOXC6 staining (Fig. 2A),
whereas NPC cases showed nuclear staining of
HOXC6 (Fig. 2B). The H scores of 62 cases were less
than the median value and therefore classified as low
HOXC6 expression (Fig. 2D); another 62 cases showed
high HOXC6 expression (H score > median; Fig. 2C).
Accordingly, there are 62 cases classified as high Ki-67
expression (Fig 2E), and another 62 cases classified as
low Ki-67 expression (Fig 2F).

We found that HOXC6 overexpression was
significantly and positively correlated with Ki-67
expression (p<0.001), and they are significantly
associated with advanced tumor stage (p=0.024),
advanced nodal status (p<0.001) and AJCC stage
(p=0.002) (Table 2). HOXC6 high expression was also
univariately correlated with a worse prognosis in
terms of DSS (p=0.008) and MeFS (p=0.0047) (Table 3).
HOXC6 overexpression remained as an independent
predictor in multivariate models (Table 4), and
portended worse DSS (p=0.015, hazard ratio=1.988)
and MeFS (p=0.036, hazard ratio=1.899), together with
advanced AJCC stages III-IV (p=0.024, DSS; p=0.043,
MeFS).

Discussion

Herein, we presented the first demonstration of
HOXC6 expression in a large cohort of NPC patients
and characterized its association with Ki-67
proliferation index, as well as prognostic parameters
and survival outcome. The HOXC6 gene, which is
silent in normal nasopharyngeal mucosal tissue, is
upregulated in 62 cases in the NPC cohort examined
in the present study, and the expression of this gene
also appears to be a potent prognosticator for DSS and
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DMeFS and is significantly associated with high Ki-67
labeling index, implying the potential role of this gene
in tumor proliferation and/or progression. These
findings suggest that disturbances in the normal
pattern of HOX gene expression are associated with
NPC tumorigenesis and progression. Despite positive
correlations between HOXC6 expression and Ki-67

Table 3. Univariate log-rank analyses.

proliferation index, there was no significant
association between Ki-67 expression and T-stages of
tumor or lymph node metastasis, probably indicating
cell proliferation is an inherent characteristic of NPC
and is not related to the size of the primary tumor and
lymph node metastasis.

Parameters Category No. of DSS MeFS LRFS
case No. of event  p-value No. of event p-value  No. of event  p-value

Gender Male 95 45 0.7870 38 0.6128 30 0.3240
Female 29 14 11 7

Age (years) <60 years 98 48 0.8600 42 0.3091 29 0.8206
>=60 years 26 11 7 8

Primary tumor (T) T1-T2 80 32 0.0289* 25 0.0085* 19 0.0180*
T3-T4 44 27 24 18

Nodal status (N) NO-N1 56 18 0.0008* 17 0.0132* 12 0.0160*
N2-N3 68 41 32 25

Stage I-1I 38 10 0.0020* 9 0.0072* 5 0.0026*
I-1vV 86 49 40 32

Histological grade Keratinizing/Non-keratinizing 47 20 0.1980 17 0.2753 15 0.9521
Undifferentiated 77 39 32 22

HOXC6 Low Exp. (H-score<median) 62 21 0.0008* 18 0.0047% 17 0.1887
High Exp. (H-score>=median) 62 38 31 20

Ki-67 Low Exp. (H-score<median) 62 23 0.0863 19 0.1022 1126 0.0087*
High Exp. (H-score>=median) 62 36 30

*, Statistically significant; DSS, disease-specific survival; MeFS, distal metastasis-free Survival; LRFS, local recurrence-free survival
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Figure 2. Immunoexpressions of HOXC6é and Ki-67 in normal nasopharyngeal tissue (A,B); a high-stage, nasopharyngeal carcinoma (C,D), and a low-stage

nasopharyngeal carcinoma (E, F), respectively.
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Figure 3. High HOXCé and Ki-67 expression predicts inferior outcome in NPC patients. Disease-specific (B, C), distal metastasis-free (E, F), and local
recurrence-free survivals (H, I) were plotted using Kaplan—Meier method.
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Table 4. Multivariate survival analyses
Parameter Category DSS MeFS LRFS
H.R 95% CI p-value H.R 95% CI p-value H.R 95% CI p-value

Stage -1 1 0.024* 1 - 0.043* 1 - 0.012*

I-1vV 2.253 1.115-4.550 2161 1.026-4.553 2.532 1.226-5.230
HOXC6 Exp. Low. Exp. 1 0.015* 1 - 0.036* -

High Exp. 1.988 1.146-3.451 1.899 1.044-3.457 - - -
Ki-67 Exp. Low Exp. - - - - 1 - 0.145

High Exp. 1.534 0.862-2.729

*, Statistically significant

Cancer progression and normal development are
similar, as both processes involve shifts between cell
proliferation and differentiation. Recent studies have
demonstrated that the improper regulation of
development genes may result in cancer [18].
However, there is much to learn about the interplay
between development, cell cycle, apoptosis and
cancer. Cellular transformation involves the
expression of intact or altered proteins coordinately
regulated by multiple transcription factors, including
homeodomain-containing proteins. In addition to
their role in embryogenesis, HOX genes are expressed
in adult cells, where these genes regulate the
expression of genes involved in cell proliferation and
cell-cell and cell-extracellular matrix interactions. The
specific mechanisms by which HOX genes contribute
to the tumorigenic phenotype have not been fully
described.

Initial observations of HOX gene involvement in
breast cancer have highlighted a role for the genes
from loci A and C of the HOX network [19]. HOXC6
expression in breast carcinomas contributes to the
breast cell phenotype through interactions with other
HOX genes (HOXB7) or through the repression of
target genes [20]. In addition, the expression of the
entire HOX gene network in pairs of
normal-tumorous bladder samples and isolated
tumor biopsies was recently described. Cantile M et al.
observed that the HOXC6 gene is silent in the normal
bladder but active in 100% of the examined 30 cases of
TCC [21]. Previous studies have shown the
up-regulation of genes from the HOXC locus
(HOXC4, HOXC5, HOXC6 and HOXCS) in malignant
prostate cell lines and lymph node metastases [10, 11].
These observations demonstrate that HOXC6 is a
crucial gene that predicts the clinical outcome of
prostate cancers. Moreover, these findings suggest
that crucial unknown cancer genes can be identified
via the study of the HOX gene network during tumor
progression. This accumulating evidence indicates
that the expression patterns of HOX genes are
different between cancer and normal tissues in
different types of human solid cancers, including
renal, prostate, and bladder. These observations
highlight the importance of the HOX network in
cancer evolution and suggest the possibility to target

HOX genes for future cancer therapies.

In a study by Moon SM et al., HOXC6 and Bcl-2
genes were identified as being overexpressed in head
and neck squamous cell carcinoma tissue and cell
lines, and transfection assays showed that
HOXC6 increased the levels of Bcl-2 mRNA and
protein. The study presented that HOXC6 regulated
cellular anti-apoptotic pathway and enhanced cell
proliferative activity by directly binding to the bcl-2
promoter region [22]. Quantification of cell
proliferative activity in neoplasia is currently a subject
of considerable investigation. Ki-67 is a nuclear
antigen expressed at the highest concentration in all
stages of the cell cycle but not in resting cells. MIB-1 is
a monoclonal antibody that recognizes a fixation
resistant epitope of the Ki-67 antigen and is used to
estimate the proliferative fraction of neoplasia. Our
findings of the positive correlation of high expression
of HOXC6 to high Ki-67 labeling index in NPC further
support the role of HOXC6 in regulation of tumor
proliferation.

Recently, chemotherapy has been used as
induction therapy for patients with NPC concurrently
with radiotherapy for locally advanced disease, and
as a major therapy for those with metastatic disease
[23, 24]. However, the outcome of patients with
recurrent or metastatic NPC remains unsatisfactory.
The drug resistance phenomenon may be one of the
contributing causes. MDR-1, a 170-kd membrane
protein, is a multidrug efflux pump conferring drug
resistance to healthy cells or tumor cells exposed to
chemotherapeutic drugs, such as vinca alkaloids,
taxanes, actinomycin D, doxorubicine, and etoposide
(VP-16) [25, 26]. CL Chen et al. [27] detected MDR-1 in
tumor cells in 12.6% of patients with primary NPC
and in 32.6% of patients with recurrent NPC (p=0024).
It is interesting that the study of K-J Kim et al. showed
the evidence of overexpression of HOXC6 induced
upregulation of MDR-1 mRNA levels and increased
drug resistance [28]. These findings suggest an
important mechanism of HOXC6 in chemotherapeutic
drug resistance via its regulation of MDR-1 in a subset
of NPC patients.

To our knowledge, this is the first study to
analyze the correlations between = HOXC6
immunoexpression and survival outcomes of NPC
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patients. The results of this retrospective study
showed that HOXC6 was an independent prognostic
parameter for patients with NPC. Our findings stress
the importance of the HOX network in carcinogenesis
and highlight the possibility to identify crucial
unknown cancer genes through the study of the HOX
gene network. As the precise molecular mechanism of
the development and progression of NPC remains
poorly understood, in-depth understanding of the
molecular alterations in and across the cellular
pathways involved in NPC carcinogenesis will
certainly facilitate the integration of diagnosis,
anticancer drug discovery, and therapy for NPC.
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