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Background: Homeobox A9 (HOXA9), a member of the HOX protein family, plays diverse
biological roles in embryonic development and carcinogenesis. The prognostic value of
HOXAO9 expression in nasopharyngeal carcinoma (NPC) is not well-defined. The present
study aimed to analyse NPC tissue HOXA9 expression and determine prognostic signifi-
cance by investigating the relationship between HOXA9 expression and clinicopathologic
features.

Methods: Between January 2010 and December 2014, 252 NPC patients and 30 chronic
nasopharyngitis patients (control group) were recruited to participate in the present study.
Correlations between HOXA9 expression level and clinicopathologic features (including
survival) were analysed.

Results: High HOXA9 expression was significantly associated with clinical stage (p < 0.01)
and higher T stage (p < 0.01). In univariate analysis, high HOXA9 expression predicted
overall survival (OS) (p = 0.011). In multivariate analysis, HOXA9 over-expression inde-
pendently and significantly predicted poorer PFS (p < 0.01, hazard ratio (HR) = 2.387, 95%
CI [0.876, 6.545]) and OS (p < 0.01, HR = 2.486, 95% CI [1.041, 8.926)).

Conclusion: High HOXA9 expression is an independent prognostic factor associated with
advanced tumour stage and poorer survival in NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant neoplasm with a characteristic
geographic distribution and a high incidence.'* Significant advances in early-stage
treatment strategies have resulted in good therapeutic outcomes, including a high
five-year survival rate of up to 85%. However, a subset of advanced-stage cancers
exhibit chemo- and/or radio-resistance, resulting in local recurrence or distant
metastasis.®* Therefore, early diagnosis or novel approaches to more advanced
tumour stages are critical and urgent challenges to ensure optimal outcomes.’
Identification of specific biomarkers reflecting emergence and progression of NPC
will improve diagnosis, prognostication, and therapeutic intervention and monitor-
ing, thereby contributing to enhanced patient quality of life and survival.

The homeobox (HOX) gene was first discovered in relation to developmental
regulation of Drosophila. Mammals possess 39 HOX genes, divided into four
clusters (A, B, C, and D) which are evenly distributed across chromosomes 7, 17,
12, and 2. Each cluster contains between nine and 13 gene loci, which are regulated
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by highly conserved transcription factors; stringent control
is essential given that these genes represent major regula-
tors of embryonic development and cell differentiation.®’
A member of the HOX gene family, HOXA9 has recently
been demonstrated to exhibit increased expression in
a variety of human malignant tumours (including acute
myeloid leukaemia (AML),® colorectal cancer (CRC),’
malignant glioma,'® lung cancer,'' and is closely asso-
ciated with tumour progression, invasion, metastasis, and
prognosis.

To the best of our knowledge, HOXA9 expression has
never before been evaluated in a well-defined NPC cohort.
Therefore, the present study aimed to determine HOXA9
expression level and evaluate its clinical significance in
NPC patients.

Materials and Methods

Patients and Tissue Specimens

Patients undergoing biopsy at the Shengjing Hospital of
China Medical University between January 2010 and
December 2014 were screened, and 252 NPC patients as
well as 30 chronic nasopharyngitis patients (control group)
were recruited. Exclusion criteria included early-stage
(stage I) NPC (which generally carries a good prognosis)
and prior NPC treatment. All study protocols were
Ethical
Hospital, written consent about the purpose of the study

approved by the Committee of Shengjing

was obtained from all participants, and the study pro-
of the
Declaration of Helsinki (2013). All participants were hos-

ceeded in accordance with the principles
pitalized for biopsy, and study involvement did not alter
the standard of routine care.

Complete clinical and follow-up data were recorded for
all participants. Clinical staging was performed according
to the AJCC/UICC staging system (7th edition). Biopsy
specimens (252 NPC and 30 chronic nasopharyngitis)
were collected and were flash-frozen in liquid nitrogen
prior to preparation and analysis. Specifically, only 178
of the 252 patients with nasopharyngeal carcinoma were
tested for EBV-serology.

Tumour Histological Subtype

Classification and Immunohistochemistry
For histology, specimens were prepared as follows.
Tumours were then subtype-classified according to the
2005 WHO histological classification system for tumours
of the nasopharynx. For immunohistochemistry, NPC and

control group specimens were embedded in paraffin and
cut into 4 pm thick sections, as previously described.'? For
antigen retrieval, sections were deparaffinised and dehy-
drated, incubated with 3% H,O, for 10 min, rinsed twice
in distilled water, and microwaved for 8 min. Sections
were then incubated overnight with anti-HOXA9 primary
antibody (1:200) (Absin Bioscience Inc., Shanghai, China;
abs136206; polyclonal rabbit anti-human) or PBS (nega-
tive control) at 4 °C. After rinsing in PBS, sections were
incubated for 2 h with biotinylated secondary antibodies
(1:1000) (Absin Bioscience Inc., Shanghai, China; abs998-
5mL; polyclonal mouse anti-rabbit IgG). After rinsing in
PBS, addition of the chromogen 3,3'-diaminobenzidine
facilitated visualization of HOXA9. Sections were weakly
counterstained with haematoxylin and slide-mounted, as
previously described.'?

Image Acquisition and Analysis

Slides were evaluated using a light microscope (E400;
Nikon, Tokyo, Japan) (400x magnification). Five visual
fields per section were photographed. Representative
images were analysed using Image-Pro Plus version 6.0
(Meyer Instruments Inc., Houston, USA). Briefly, positive
relative integral optical density (IOD) and tissue area
measurement (pixel area) were obtained via line segmen-
tation of each image. Expression level of HOXA9 was
compared between NPC and control group specimens.
Average optical density (AO = IOS/pixel area) was calcu-
lated for the five fields of each specimen, and the median
AO across all specimens was used as the cut-off value to
classify specimens/patients into high or low HOXA9
expression groups.

Determining HOXA9 Expression

Prognostic Value

Two parameters were used to assess prognostic value:
disease-free survival (DFS; interval to first recurrence at
any site) and overall survival (OS; interval to death from
any cause). Kaplan-Meier survival curves were con-
structed, and survival intervals of high versus low
HOXAO9 expression NPC patient groups were compared
using the Log rank test. In addition, potential correlations
between HOXA9 expression level and other clinicopatho-
logic features (age, gender, clinical stage, T stage, N stage,
and histological grade) were investigated by means of
Pearson correlation analysis. Finally, association of OS
with  HOXA9 and the above

expression level
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clinicopathologic features was evaluated via univariate
followed by multivariate Cox regression analysis in order
to determine which factors have independent prognostic
utility.

Statistical Analysis
The
HOXA9 expression and various clincopathological para-

statistical significances of differences between
meters were evaluated by Chi-square test. The endpoints
for outcome measurement including DFS and OS were
calculated by the Kaplan-Meier method and analyzed by
the Log rank test. Multivariate analysis was performed by
using the Cox proportional hazards model. All tests are
two-sided, and P values less than 0.05 were considered
statistically significant. Data analysis was performed using

SPSS ver. 12 software.

Results

Patient Demographic and Clinical Data

A total of 252 NPC patients with a median age of 51
(range 22-78) were enrolled. The majority (183/252;
72.6%) of participants were male. Regarding staging, 37
participants (14.7%) were classified as stage II, 119 parti-
cipants (47.2%) were classified as stage III, 60 participants
(23.8%) were classified as stage 1V,, and 36 participants
(14.3%) were classified as stage 1Vy,. At the time of study
completion, 96 participants (38.1%) were no longer sur-
viving, with death attributed to various causes, including
tumour progression, recurrence, metastasis, and causes
unrelated to cancer. Clinical features, pathological data
and HOXA9 expression in nasopharyngeal carcinoma tis-
sues and non-tumoral tissues are summarized in Tables 1
and 2.

Expression Patterns of HOXAS9 as

Detected by Immunohistochemistry

Staining was largely observed distributed throughout the
nucleus and cytoplasm (Figure 1: yellow-brown granules).
Relative to control group tissues, NPC tissues exhibited
significantly higher HOXA9 expression (p < 0.05) (Table
3). Of 252 NPC patients, 127 (50.4%) were classified as
exhibiting high levels of HOXA9 expression (Figure 1C),
while 125 (49.6%) were classified as exhibiting low levels
of HOXAY expression (Figure 1B), based on a median AO
value of 4.98x107°.
patients, only a single patient (3.3%) was classified as
exhibiting high levels of HOXA9 expression (Figure 1A).

Of 30 chronic nasopharyngitis

Table | Patients Demographics and Disease Characteristics

Characteristics N=252
Cases | Percentage
(%)
Age (years)
Median 51
Range 22-78
<50 132 524
>50 120 47.6
Gender
Male 183 72.6
Female 69 274
Histological
grade
Keratinizing 53 21.0
+Non-keratinizing
Undifferentiated 199 79.0
Primary tumor
M
T+T, 105 41.7
T3+T, 147 58.3
Nodule status
(N)
No+N, 89 353
N,+N3 163 64.7
Stage
1l 37 14.6
1] 119 47.2
IV, 60 23.8
IV, 36 14.3
Treatment Radiotherapy 240 95.2
+Chemotherapy
Radiotherapy 12 4.8
Patient status
Tumor relapse 31 12.3
Metastasis 75 29.8
Overall survival 156 62.0
Disease free survival 114 45.3
Death 96 38.1

Prognostic Utility of HOXA9 Expression

Expression level of HOXA9 correlated with only two
high HOXA9
expression correlated positively and significantly with
NPC clinical stage (p < 0.01) and T stage (p < 0.01).0f
252 patients with nasopharyngeal cancer, only 178 had

clinicopathologic features (Table 2):

EBV serological testing. A positive result indicates
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Table 2 The Relationship Between the Expression of HOXA9 and Clinical Pathological Characteristics of Nasopharyngeal Carcinoma

Parameters No. Average Opticle (X1073) High Low %2 P value
of Case Expression Expression

Gender 1.13 0.286
Male 183 4.96 (0.27-21.24) 96 87
Female 69 3.24 (1.12-18.70) 31 38

Age (years) 0.79 0.374
<50 132 4.79 (1.26-21.24) 63 69
>50 120 4.62 (0.27-20.70) 64 56

Histological grade 0.16 0.690
Keratinizing 53 4.34 (0.27-19.87) 28 25

+Non-keratinizing
Undifferentiated 199 4.15 (0.33-21.24) 99 100

Primary tumor (T) 79.62 <0.01%*
T,+T, 105 2.69 (0.27-21.24) 18 87
Ty+Ty 147 6.72 (0.98-21.05) 109 38

Nodule status (N) 3.549 0.060
No+N; 89 3.48 (0.27-13.80) 52 37
N,+Nj3 163 4.78 (0.35-21.24) 75 88

Stage 36.08 <0.01*
I 37 1.48 (0.27-7.89) 6 31
1] 19 3.38 (0.58-17.89) 53 66
IV, 60 7.24 (1.78-15.87) 45 I5
IVp 36 10.76 (4.78-21.24) 23 13

Note: *Statistically significant.

Epstein-Barr virus infection. There was no significant
correlation between HOXA9 positive expression and
Epstein-Barr virus infection in patients with nasopharyn-
geal carcinoma (p >0.05) (Table 4). The relationship
between up-regulation of HOXA9 protein expression
and prognosis of patients with NPC was analyzed.
Kaplan-Meier survival curves are shown in Figure 2,
and the differences in survival time of patients with

=
L
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NPC were compared by Log rank test. Among the 252
study patients, the patients with high levels of HOXA9
expression experienced significantly poorer outcomes in
terms of PFS (P<0.0001) and OS (P = 0.0015) in com-
parison with patients low levels of HOXA9 expression
(Figure 2). This indicates that patients in the high
HOXA9 expression group experienced significantly
poorer outcome in terms of DFS and OS.
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Figure | Immunohistochemical staining for expression of HOXA9 in nasopharyngeal carcinoma (NPC) and mucosal tissue of chronic nasopharyngitis (SPx400). (A) low
HOXA9 expression in mucosal tissue of chronic nasopharyngitis. (B) low HOXA9 expression in NPC tissue. (C) high HOXA9 expression in NPC tissue.
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Table 3 Expression of HOXA9 in Nasopharyngeal Carcinoma and Chronic Nasopharyngitis
Group No. of Case Average Opticle (x107%) High Low P value
Expression Expression
NPC group 252 4.98(0.27-21.24) 127 125 0.001*
Chronic nasopharyngitis 30 0.98(0.18-6.74) | 29

Note: *Statistically significant.

Table 4 Correlation of HOXA9 Expression in Nasopharyngeal
Carcinoma with EB Virus Infection

EBV- No. of HOXA9 x2 P value
Serology Cases Expression

High | Low
Positive 98 51 47 | 0.191 0.662
Negative 80 39 41

In univariate analysis, T stage and HOXA9 expression
level were significantly associated with prognosis (OS
interval) (p <0.05) (Table 5). In multivariate analysis,
HOXA9 over-expression independently and significantly
predicted poorer PFS (p < 0.01, hazard ratio (HR) = 2.387,
95% CI [0.876, 6.545]) and OS (p < 0.01, HR = 2.486,
95% CI [1.041, 8.926]) (Table 6). This indicates that
T stage and HOXA9 expression independently predict
a poorer prognosis in NPC patients.

Discussion
Evidence is mounting that transcription factor-mediated
regulation of gene expression plays an important role in

A .
Progress free survival
100- —— Low HOXA9 n=125

. —— High HOXA9 n=127
2 804
E:
£ 604
—
7
o 404
c
3
& 20+ Log-rank p<0.0001
. HR=2.262,95% CI (1.64,3.14)

0 T ] ] L] T 1

0 12 24 36 48 60 72
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the emergence and progression of neoplasia.'> The HOX
genes encode transcription factors that regulate cell self-
renewal and differentiation.'® Specifically, the product of
family member HOXA9 is an important transcriptional
regulator with key roles in controlling embryonic devel-
opment and cell differentiation.

As mentioned above, recent studies demonstrate abnor-
mal HOXA9 expression in human AML,” colorectal

12 and other

cancer,'® malignant glioma,'" lung cancer,
tumours. This protein plays an important role in tumour
progression (including metastasis), and is closely asso-
ciated with prognosis. For example, HOXA9 levels are
2-8 times higher than normal in over 50% of AML
patients, and HOXA9 demonstrated prognostic utility
both alone and in combination with other upstream and
downstream molecules.'”> Consistent with these findings,
HOXA9 mRNA levels were elevated in AML patients
undergoing initial treatment or during recurrence, and
were associated with tumour load, prognosis, and treat-
ment efficacy.'® In malignant glioma patients, HOXA9
expression levels are similarly significantly elevated and
are closely associated with prognosis’'’ high HOXA9
expression is associated with a significantly shorter OS

B
Overall survival
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-
o 50-
2
?
o 40“
c
8
@ 204 Log-rank p=0.0015
o HR=2.059,95% C! (1.38,3.07)
0 ] ] ] ) ] 1
0 12 24 36 48 60 72
Month

Figure 2 Kaplan-Meier survival curves for nasopharyngeal carcinoma patients exhibiting low versus high HOXA9 expression. (A) Progress free survival. (B) Overall survival.

P value were obtained using the Log rank test.
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Table 5 Cox Risk Regression Model for Single Factor Analysis of
Factors Affecting the Prognosis of Patients with Nasopharyngeal

Carcinoma

Parameters HR (95% CI) | P value

Gender (Female vs Male) 1.36 0.511
(0.91-2.03)

Age (>50 years vs <50 years) 2.34 0.135
(0.89-6.19)

Histological grade I.16 0.143

(Keratinizing+Non-keratinizing vs (0.49-2.71)

Undifferentiated)

Primary tumor (T+T; vs T3+Ty) 7.63 0.013*
(2.83-20.57)

Nodule status (Ng+N; vs N,+N3) 2.52 0.083
(0.91-7.02)

Stage (Il vs lI+1V) 1.12 0.432
(0.42-3.02)

HOXAG9 expression (High vs Low) 2.30 0.011%*
(1.06-4.99)

Note: *Statistically significant.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

interval. In addition, HOXA9 expression level correlates
positively with glioma stage, which may suggest its invol-
vement in promoting tumour progression.'® In colon can-
cer, too, abnormal HOXA9 expression is associated with
TNM stage, lymph node metastasis, histological grade,
and prognosis.'® Expression of HOXA9 is elevated in
CRC tissue and is closely associated with metastatic
potential, histological grade, TNM stage, and a poorer
prognosis.”® Finally, HOXA9 expression is also elevated
in lung cancer tissue, and such over-expression is asso-
ciated with lymph node metastasis.

However, to the best of our knowledge, HOXA9
expression in NPC has not yet been investigated, and its

potential roles in this cancer type remain to be defined.
Therefore, the present study compared HOXA9 expres-
sion levels between NPC and chronic nasopharyngitis
tissues using immunohistochemistry, and investigated
HOXAO9 expression level clinical significance by compar-
ing clinicopathologic features and survival outcomes of
NPC patients exhibiting high and low HOXA9 expres-
sion levels. In all tissue specimens, HOXA9 was detected
mainly in the cytoplasm and nucleus, and expression
level was significantly higher in NPC than in chronic
nasopharyngitis tissues. Statistical analysis confirmed
that HOXA9 expression level correlated positively and
significantly with clinical stage and T stage, suggesting
an association with tumour progression. In addition,
prognosis (in terms of PFS and OS) was significantly
poorer in patients exhibiting high levels of HOXA9
expression, and multivariate analysis demonstrated that
HOXA9 expression is an independent risk factor for
poorer NPC prognosis.

Indeed, recent studies demonstrate that HOXA9 is not
only closely associated with clinicopathologic character-
istics, therapeutic efficacy, and prognosis, but may also
regulate tumour stem cell proliferation and apoptosis,
invasion and metastasis, drug resistance, and self-
renewal.”’*? In colon cancer stem cells, HOXA9 over-
expression promoted self-renewal and proliferation, and
all-trans retinoic acid-induced repression of HOXA9
effect.
Interestingly, HOXA9 expression is also higher in 5-fluor-

expression  exerted an  anti-neoplastic
ouracil- and oxaliplatin-resistant CRC cells than in treat-
ment-susceptible cells. Drug resistance often leads to
treatment failure, resulting in tumour progression and
a significantly poorer prognosis.®> The association
between abnormal HOXAY9 expression and drug resis-
tance suggests potential novel research avenues for over-

coming drug resistance.”*

Table 6 Cox Risk Regression Model for Multivariate Survival Analysis of Factors Affecting the Prognosis of Patients with

Nasopharyngeal Carcinoma

Parameter Category PFS os
HR 95% ClI P value HR 95% CI P value
Primary tumor(T) T-T2 I : )
T3-T4 1.838 0.978-3.543 0.022% 2.732 0.967-6.202 0.032%
HOXAS9 expression Low expression | | -
High expression 2.387 0.876—6.545 <0.01* 2.486 1.041-8.926 <0.01*

Notes: *Statistically significant.

Abbreviations: HR, hazard ratio; Cl, confidence interval; PFS, progression free survival; OS, overall survival.
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More recent investigations have discovered that
HOXAY9 can act as both an oncogene and a tumour sup-
pressor gene in a context-dependent manner.*> The litera-
ture has shown that the expression of HOX genes may be
increased or decreased in different tumors and that these
alterations may differ depending on the specific HOX gene
involved and the type of cancer being investigated.>*
However, conditions under which it assumes either role
remain to be elucidated. While it is possible that HOXA9
plays an important regulatory role in NPC, further research
is required to determine specific mechanisms by which it

impacts tumour progression of NPC.

Conclusions

Because HOXAY9 levels are specifically elevated in NPC
tissues and this is closely associated with NPC prognosis,
this protein represents a promising potential novel biomar-
ker for both diagnosis and prognosis, and may yet be
proven to be a novel therapeutic target.
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