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Abstract. Abnormal paired box 9 (PAX9) expression is
associated with tumorigenesis, cancer development, invasion
and metastasis. The present study investigated the prognostic
significance of PAX9 in esophageal squamous cell carcinoma
(ESCC) and its role in predicting radiation sensitivity. A total
of 52.8% (121/229) ESCC tissues were positive for PAX9. The
1-, 3- and 5-year disease-free survival (DFS) rates were 72.2,
35.2 and 5.6%, respectively, and the overall survival (OS) rates
were and 86.1, 44 .4, and 23.1%, respectively, in PAX9-positive
tumors. In PAX9-negative tumors, the one-, three- and five-year
DES rates were 76.9, 47.9 and 24.0%, and the OS rates were
90.9,57.9 and 38.8%, respectively. Univariate analysis revealed
that PAXO9, differentiation, T stage, lymph node metastasis, and
tumor-node-metastasis stage were associated with OS. Multi-
variate analysis of DFS and OS revealed that the hazard ratios
for PAX9 were 0.624 (95% CI: 0.472-0.869, P=0.004) and
0.673 (95% CI: 0.491-0.922, P=0.014), respectively. Patients
that received adjuvant therapy exhibited significant differences
in the 5-year DFS (P<0.001) and OS (P<0.001). PAX9-positive
ESCC patients who received post-surgery radiotherapy had a
significantly greater 5-year DFS (P=0.011) and OS (P=0.009)
than patients who received surgery only. Thus, PAX9 may be
an independent prognostic factor for the surgical treatment of
ESCC and a possible predictor of radiation sensitivity.

Introduction

Esophageal cancer is one of the most common types of
cancer worldwide and has a high incidence of mortality.
It is estimated that 455,800 new esophageal cancer cases
and 400,200 deaths occurred in 2012 (1). The incidence of
esophageal cancer varies depending on location; the highest
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rates occur in Eastern Asia and Eastern and Southern Africa.
Esophageal squamous cell carcinoma (ESCC) accounts for
>90% of esophageal cancer cases in China compared with
approximately 26% in the United States. Despite progress in
clinical diagnosis and treatment modalities, ESCC remains
associated with a poor prognosis, and has a 5-year survival rate
of <15% (2-6). Traditional methods of characterizing tumors
depend on visual information, including the size of the tumor,
degree of infiltration and histological features of the tumor,
which form the basis of the tumor-node-metastasis (TNM)
staging system. Although these parameters provide a way to
distinguish between tumor subtypes with distinct biological
characteristics, it does not provide sufficient information for
the establishment of heterogeneous groupings of tumors and
patients for clinical treatment. Therefore, the identification
of effective biomarkers that associate with the biological
characteristics of ESCC patients is important to predict their
prognosis and to improve therapeutic strategies.

Prognostic biomarkers should be chosen based on distin-
guishing features between benign and malignant tumors or the
differentiation/pathological staging status of tumors, which
may influence the mode of treatment. Studies have focused
on identifying novel ESCC biomarkers and therapeutic targets
for adjuvant drug treatments for the enhancement of current
surgery, radiotherapy and chemotherapy modalities (7-11).
Although research into the pathogenesis and targeted therapy
of lung, breast, and colorectal cancer has progressed, there
remains a paucity of data on esophageal cancer.

Paired box (PAX) 9 is a member of the paired box gene
family, which is composed of nine transcription factors in
humans (PAX1-9). This family of genes serves key roles in
embryonic development and organogenesis by regulating the
expression of genes involved in cell proliferation, apoptotic
resistance and cell migration (12,13). PAX genes are usually
described as cell lineage-specific regulators of tissues where
their expression profiles are finely tuned both spatially and
temporally, and are recognized as potentially important factors
in cancer progression (14-17). PAX2 is frequently expressed
in primary human cancers, including those derived from
breast and ovaries, and chromosomal translocations involving
PAX3, PAX5, PAX7 and PAXS8 genes are present in alveolar
rhabdomyosarcoma, B-lymphoid malignancies and thyroid
cancer (18). PAX3 is required for the survival of melanoma
cell lines and is expressed in breast cancer (19). In addition,
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PAXG6 is highly expressed in cancer cell lines, including
those derived from brain and breast tumors (20). Expression
of PAX2 and PAXS has been observed in kidney tissue (21).
PAXS is considered to be a tumor suppressor and is involved
in hepatocellular carcinoma carcinogenesis via direct regula-
tion of the tumor protein p53 signaling pathway (22).

Human PAX9 is located within the 14ql12-ql3 chromo-
somal region and contains a 128-amino acid DNA binding
paired domain, which makes sequence-specific contacts with
DNA. Due to the G quadruplex-forming region located near
exon 1, which is present in all the known sequenced placental
mammals, PAX9 intron 1 serves a key role in splicing effi-
ciency (23,24). As a transcription factor expressed in the
tooth mesenchyme during tooth morphogenesis, heterozygous
mutations in PAX9 have been associated with non-syndromic
tooth agenesis, predominantly in the molars (25-28). In the last
decade, the abnormal expression of the PAX9 gene, which is
associated with the tumorigenesis, development, invasion and
metastasis of many types of cancer, was observed in a variety
of malignant human tumors (29,30). However, the expression
level and prognostic value of PAX9 in malignant tumor cells
remain inconclusive. An experiment comparing genomic
abnormalities in a large cohort of patients with esophageal
adenocarcinoma (EAC) and ESCC using single nucleotide
polymorphism arrays demonstrated that ESCC exhibited
greater amplification frequencies in PAX9 (35%) than EAC
(4%) (31). Therefore, PAX9 may be an oncogene specifically
involved in ESCC.

Prior to the present study, the prognostic value of PAX9
had not been investigated in ESCC. In the present study, the
expression of the PAXO protein in patients with ESCC treated
by curative resection was investigated using immunohisto-
chemical staining. In addition, the overall survival (OS) of the
ESCC patients was analyzed. The aims of the present study
were to investigate the prognostic significance of PAX9 in
resectable ESCC and to assess its value in predicting radiation
sensitivity by subgroup analysis.

Materials and methods

Patients. A total of 229 ESCC patients who received radical
surgery at Qilu Hospital at Shandong University between 1st
January 2008 and 31st December 2009 were included in the
present study. Patients with distant metastases received neoad-
juvant treatment or palliative surgery, and those who were not
available for follow-up or lacked sufficient tumor tissue for
analysis were excluded. No patients received chemotherapy or
radiotherapy prior to surgery. A total of 119 patients received
adjuvant treatment with 5,000 cGy/25 fractions radiotherapy
and 4-6 cycles of docetaxel and cisplatin. Of these patients, 35
received synchronous radiochemotherapy.

The histological features of the specimens were inde-
pendently evaluated by two pathologists according to the
classification criteria of the World Health Organization. Cohen's
Kappa coefficient revealed a strong association between the
two pathologists (k=0.86). Patient demographic and clinical
data, including age, gender, smoking and alcohol history, tumor
location, histological grade, tumor length, T stage, lymph node
status, TNM stage and adjuvant treatment, were available. The
pathological stages of esophageal cancer were determined
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according to the pathological (p) TNM staging system (defined
by the American Joint Committee on Cancer Staging Manual,
7th edition, 2010) (32). The histological grade was classified
according to the degree of differentiation of the tumor by
histological examination using hematoxylin and eosin staining.
Follow-up visits were performed every 3 months for the first
2 years and every 6 months until death or until the end of the
study. Data were censored at the last follow-up visit (December
2014) for patients without recurrence or death. At each visit, a
clinical history was collected and a physical examination was
performed. Routine diagnostic imaging methods, including
upper gastrointestinal barium meal fluoroscopy and computer
tomography, were performed. Disease-free survival (DFS) and
OS were defined as the interval between the surgery date to the
date of recurrence or death, respectively.

Procedures were performed in accordance with The Decla-
ration of Helsinki. Ethical approval was obtained from the
Institutional Ethics Committee of Qilu Hospital at Shandong
University, which is accredited by the National Council on
Ethics in Human Research. The participants provided written
informed consent.

Immunohistochemistry. Surgical tissue samples were fixed
in 10% neutral buffered formalin at room temperature over-
night and then embedded in paraffin. For antigen retrieval,
4 um thick paraffin sections were deparaffinized in a series
of alcohols and microwaved in citrate buffer (pH 6.0). Endog-
enous peroxidases were blocked with 3% hydrogen peroxide
for 20 min at room temperature. Subsequently, tissues were
blocked with goat serum (ZLI-9021; ZSGB-Bio, Beijing,
China) for 30 min at room temperature. Sections were incu-
bated at -4°C overnight with a rat monoclonal anti-PAX9
antibody (SAB4200083; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) diluted at 1:200 according to the manu-
facturer's protocol, and probed with HRP-labeled rabbit anti
rat secondary antibody at 37°C for one hour (Histostain®-Plus
kit; Beijing Biosynthesis Biotechnology Co., Ltd., Beijing,
China). The PAX9 protein was visualized using a substrate
solution containing diaminobenzidine and hydrogen peroxide
(ZL1-9034; 1:1,000; ZSGB-Bio) at room temperature. The
presence of viable tumor was confirmed by hematoxylin and
eosin staining. Tissue sections stained in a similar manner
with PBS instead of the primary antibody were utilized as
negative controls. A total of forty healthy esophageal mucous
membranes from esophageal tissue and esophageal cancer
tissue microarrays (BN02014; Alenabio, Xi'an, China) were
utilized as positive controls.

Immunostaining evaluation. Tissue sections were analyzed
with an Olympus IX71S1F-3 Inverted Microscope (Olympus
Corporation, Tokyo, Japan) by two independent operators
using the blinding method (33). At least five fields of view
were observed in each tissue section, and at least 100 cells
were counted in each field at a high magnification (x200).
Cells that exhibited brown granules in the cytoplasm were
considered as positive. Using semi-quantitative analysis,
the criteria for scoring the stained sections were: 1, 0-25%;
2, 26-50%; 3, 51-75%; and 4, 76-100%. According to the
intensity of PAXO staining, tissues were scored as follows: 0,
negative; 1, weakly positive; 2, strongly positive. Final scores
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were calculated by multiplying the percentage of cells stained
by the staining intensity of the tissues, and were categorized as
PAX9-negative (final score 0-3) or PAX9-positive (final score
4-8) (34). In addition, tumor-adjacent tissues were obtained
from all patients, and PAX9 expression in these tissues was
determined.

Statistical analysis. Statistical analyses were performed
using SPSS software version 19.0 (IBM SPSS, Armonk, NY,
USA). Statistical differences between tissue groups were
evaluated using the Chi-square test. Kaplan-Meier curves
were utilized to analyze the distribution of 5-year DFS and
OS, and the log-rank test was performed to compare differ-
ences between the survival curves. The same methods were
adopted to perform the stratified analysis in which subgroups
were divided according to different adjuvant treatment. Vari-
ables were subjected to univariate analysis and multivariate
survival analysis using the Cox proportional hazard regression
model. The statistical tests were two-sided, and P-<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 229 patients were
included in this study. The median age was 60 years (range,
32-84 years), and 80.8% of the patients were male. Tumor
locations included the following: cervical, 7 cases; upper
thoracic, 16 cases; middle thoracic, 130 cases; and lower
thoracic, 76 cases. The tumors ranged from 0.5 cm to 10.0 cm
in length, with an average of 4.17 cm. The histopathological
stage was well-differentiated in 55 cases, moderately-differ-
entiated in 99 cases, and poorly-differentiated in 75 cases.
A total of 88 patients (38.4%) presented with T1/T2 tumors
and 141 patients (61.6%) presented with T3/T4 tumors, and
109 patients (47.6%) presented with positive lymph nodes.
Twenty-six patients were in pathological stage I, 101 patients
were in stage II and 102 patients were in stage III. A total
of 110 patients (48.0%) were treated with surgery alone, 53
(23.1%) patients were treated with postoperative chemo-
therapy, 101 (44.1%) patients were treated with postoperative
radiotherapy, and 35 (15.3%) patients were treated with post-
operative chemoradiation. Two hundred and thirteen patients
(93.0%) experienced tumor recurrence, and 182 (79.5%)
patients died during the follow-up period. The estimated 1-,
3-, and 5-year DFS and OS rates were 74.7, 41.9 and 15.3%
and 88.6, 51.5 and 31.4%, respectively. The DFSs ranged from
1.0 to 81.4 months (median, 25.9 months), and the OS ranged
from 1.7 to 83.2 months (median, 37.0 months).

Immunohistochemical analysis. Examples of PAX9-negative
and PAXO9-positive tissue staining are shown in Fig. 1.
PAX9-positive expression was observed in the nucleus and
cytoplasm of tumor and normal esophageal mucosa tissues.
In healthy esophageal mucous membranes and tumor-adjacent
tissues, the positive expression rates of PAX9 were 99.1% and
97.8%, respectively. In ESCC tissues, 52.8% stained positive
for PAX9 (121/229). In ESCC tissues, no significant correla-
tion was identified between the expression of PAX9 and
clinicopathological features of the patients, including gender,
age, smoking history, drinking history, tumor location, tumor
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length, differentiation, T stage, N stage, pfNM stage or adju-
vant treatment (Table I).

The prognostic value of PAX9 and other variables in
ESCC tumors was investigated, as demonstrated in Table II.
In PAX9-negative tumors, the 1-, 3-, and 5-year DFS and OS
rates were 72.2, 35.2 and 5.6%, and 86.1, 44.4, and 23.1%,
respectively. By contrast, in PAX9-positive tumors, the 1-,
3-, and 5-year DFS and OS rates were 76.9, 47.9, and 24.0%,
and 90.9, 57.9, and 38.8%, respectively. The median OS for
the patients in the PAX9-negative group was 29.4 months
(range, 1.7-73.1 months) compared with 42.0 months (range,
3.5-83.2 months) for patients in the PAX9-positive group.

According to univariate analysis, which deals with one
predictor variable, PAX9, differentiation, T stage, N stage
and pTNM stage were statistically associated with DFS and
OS (Table II). To further exclude confounding factors and
obtain more reliable results, multivariate analysis was then
performed, which deals with multiple predictor variables. In
a multivariate analysis of DFS and OS, neither differentiation
or T stage were independent prognostic factors (Table IIT).
According to the Cox proportional hazard regression model,
PAX9 was an independent predictor for DFS (HR=0.641,
95% CI: 0.472-0.869, P=0.004) and OS (HR=0.673, 95% CI:
0.491-0.922, P=0.014; Table III). Lymph node metastasis (N
stage) was associated with decreased DFS (N1: HR=1.988,95%
CIL: 1.118-3.534, P=0.019; N2: HR=3.357,95% CI: 1.612-6.993,
P=0.001; N3: HR=4.029, 95% CI: 1.001-16.224, P=0.049), and
decreased OS (N1: HR=1.988, 95% CI: 1.118-3.534, P=0.019;
N2: HR=3.357,95% CI: 1.612-6.993, P=0.001; N3: HR=4.029,
95% CI: 1.001-16.224, P=0.049). In addition, pTNM stage III
was an independent prognostic factor for DFS (HR=2.552,
95% CI: 1.290-7.319, P=0.031) and OS (HR=2.537, 95% CI:
1.274-7.365, P=0.037), respectively (Table III). Therefore, the
results showed that PAX9, N stage and pTNM stage III were
prognostic factors of survival in ESCC.

Considering adjuvant therapy associations, different strati-
fied analyses were further performed to compare the survival
curves between the PAX9-negative and PAX9-positive groups.
For patients that did not receive adjuvant therapy, no significant
differences in the 5-year DFS (P=0.494) and OS (P=0.663)
were observed. However, there was a significant difference
in the 5-year DFS and OS (P<0.001) in patients that received
adjuvant therapy (Fig. 3). In addition, subgroup analysis was
performed according to PAXO positivity. In the PAX9-positive
group, the patients who received adjuvant radiotherapy had
an improved prognosis compared with patients who did not
receive adjuvant radiotherapy, as demonstrated by significant
differences in the 5-year DFS (P=0.011) and OS (P=0.009)
(Fig. 4).

Discussion

The morbidity and mortality rates for ESCC increase annually;
however, advances in therapeutic strategies that significantly
alter patient outcome remains to be achieved. This may be due to
the complexity of the oncogenic process, which involves somatic
acquisition of large numbers of mutations that gives rise to
complex, heterogenic genetic profiles among patients, making it
difficult to characterize and treat effectively. Although previous
reports focus on PAX9 expression in different tumors (35-37),
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Figure 1. Immunostaining of PAX9 in normal esophageal mucosa and esophageal squamous cell carcinoma tissue. Representative images of (A) negative
control for PAX9 in normal mucosa, (B) positive control for PAX9 in normal mucosa, (C and D) low expression of PAX9 in tumor tissue (low rate of positive
cells and low staining intensity, score <3) and (E and F) high expression of PAX9 in tumor tissue (high rate of positive cells and high staining intensity,
score =4). The stained sections were observed and images were captured at low magnification (x100) in C and E, and at high magnification (x200) in A, B,D

and F. PAX9, paired box 9.

there is a paucity of data describing PAX9 expression in esopha-
geal cancer. PAX9 may be a key gene involved in ESCC. In
the present study, the correlation between PAX9 expression and
survival in 229 ESCC patients who received curative surgery
was investigated. In addition, associations between PAX9 and
ESCC radiosensitivity was determined.

A greater tumor length, advanced T stage and poor
differentiation were associated with low DFS and OS rates,
as determined by univariate analysis; however, these factors
were not found to be independent predictors of prognosis by
multivariate analysis, which is more important in the analysis
of prognostic factors. In addition, lymph node metastasis and
advanced pTNM stage were independent prognostic factors,
which concurred with previous studies (7,38). The results of
the present study demonstrated that negative PAX9 expres-
sion is significantly associated with poor prognosis in ESCC
patients. In addition, in a stratified analysis, the patients were
divided into two subgroups according to whether postoperative
adjuvant therapy was given in the PAX9 positive or negative
groups, respectively. PAX9-positive patients in the adjuvant
group exhibited a significantly prolonged prognosis compared
with PAX9-negative patients; however, this was not the case in
the surgery group. It was hypothesized that PAX9 expression
may best predict survival in patients that received postopera-
tive treatment. Adjuvant radiotherapy benefited patients in the
PAX9-positive group; however, this was not the case in the
PAX9-negative group, compared with patients who did not
receive adjuvant radiotherapy. To the best of our knowledge,
similar studies have not been conducted in ESCC. Abnormal
expression levels of PAX9 suggested that it may be involved

in the development of ESCC. In the present study, the PAX9
protein was expressed in the majority of healthy epithelia
and the mucosa adjacent to esophageal tumors. In malignant
squamous cells, loss or decreased expression levels of PAX9
were observed. These results are consistent with previous
findings (39). However, the results of the present study did
not demonstrate statistical differences between PAX9 expres-
sion and the degree of cell differentiation, which contradicts
findings reported in the literature (39). This may be due to
differences in the case numbers, enrollment criteria and ESCC
TNM staging standards. Knockdown of PAX9 resulted in the
loss or disorganization of squamous epithelium and down-
regulation of the differentiation markers, Krt4 and Krt5, in
zebrafish esophagus (40). PAX9 expression levels may vary in
different tumors. Decreased PAX9 expression serves a role in
congenital tooth agenesis and as a high risk factor for epithelial
ovarian cancer (35). PAXO9 is significantly highly expressed in
malignant melanomas and nodular melanomas (41).

At present, no effective predictive biomarkers have been
identified that accurately estimate sensitivity to radiation
therapy in ESCC tumors. The present study demonstrated that
adjuvant radiotherapy may benefit patients with PAX9-posi-
tive tumors and suggests that PAX9 may be a predictor of
radiation sensitivity in ESCC patients. The ability to identify
ESCC patients with a poor prognosis, which was observed
in patients with PAX9-positive tumors who did not receive
radiotherapy after surgery, suggested that radiotherapy, the
standard of care for unresectable patients, may be beneficial in
PAXO9-positive patients. Therefore, the present study revealed
the clinical significance and predictive value of PAX9 in
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Table I. Association of clinicopathological variables of ESCC patients and PAX9 expression in tumor tissue samples.

PAX9
Clinicopathological
characteristics Total patients (n=229) Negative (n=108) (%) Positive (n=121) (%) P-value
Gender 0.801
Male 185 88 (47.6 97 (524
Female 44 20 (45.5 24 (54.5
Age 0.383
<60 116 58 (50.0 58 (50.0
>60 113 50 (442 63 (55.8
Smoking history 0.179
Never or light 108 56 (519 52 (48.1
Heavy 121 52430 69 (57.0
Drinking history 0.052
Never or light 118 63 (53.3 55 (46.7
Heavy 111 45 (40.5 66 (59.5
Site of tumor 0.287
Cervical 7 2 (28.6 5(714
Upper thoracic 16 9(56.3 7(43.7
Middle thoracic 130 56 (43.1 74 (56.9
Lower thoracic 76 41 (53.9 35 (46.1
Tumor length 0.941
<4 cm 102 46 (45.1 56 (549
=4 cm 127 62 (48.8 65 (512
Differentiation 0.893
Well 55 25(45.5 30 (54.5
Moderate 99 46 (46.5 53(535
Poor 75 37(49.3 38 (50.7
T stage 0.150
T1 23 6 (26.1 17 (739
T2 65 3147.7 34 (523
T3 126 62 (492 64 (50.8
T4 15 9(60.0 6(40.0
N stage 0.162
NO 120 51425 69 (57.5
N1 87 45 (51.7 42 (48.3
N2 19 9474 10 (52.6
N3 3 3(100.0 0(0.00
pTNM stage 0.105
I 26 10 (38.5 16 (61.5
I 101 42 (41.6 59 (584
I 102 56 (54.9 46 (45.1
Adjuvant treatment 0.060
None 110 55(50.0 55 (50.0
Radiotherapy 66 24 (364 42 (63.6
Chemotherapy 18 7389 11 (61.1
CRT 35 22 (629 13 (37.1

T, tumor; N, node; PAX9, paired box 9; TNM, tumor node metastasis; ESCC, esophageal squamous cell carcinoma; CRT, chemoradiotherapy.

ESCC. In the clinic, ESCC patients frequently receive radia-  doses of 50.4-64.8 Gy, which is administered in fractions
tion therapy or concurrent chemoradiation, generally at high  of 1.8-2.0 Gy per day (42,43). However, the curative effects
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Table II. Univariate analysis of survival of ESCC patients treated with curative surgery.

DFS oS

Characteristics Total patients P-value HR 95% CI P-value HR 95% CI
Gender

Male 185 1.000 Ref. 1.000 Ref.

Female 44 0.695 0.933 0.695-1.321 0.705 0.930 0.637-1.356
Age

<60 116 1.000 Ref. 1.000 Ref.

>60 113 0.608 0.932 0.712-1.220 0.217 0.832 0.622-1.114
Smoking history

Never or light 108 1.000 Ref. 1.000 Ref.

Heavy 121 0.960 1.007 0.769-1.319 0.982 0.997 0.745-1.334
Drinking history

Never or light 118 1.000 Ref. 1.000 Ref.

Heavy 111 0.545 0.920 0.702-1.205 0.436 0.890 0.664-1.193
Tumor site

Cervical 7 1.000 Ref. 1.000 Ref.

Upper thoracic 16 0.879 1.077 0413-2.813 0.858 1.098 0.394-3.060

Middle thoracic 130 0.996 0.998 0.437-2.278 0.760 0.869 0.353-2.139

Lower thoracic 76 0.688 1.187 0.514-2.744 0.956 0974 0.392-2.425
Tumor length

<4 cm 102 1.000 Ref. 1.000 Ref.

=4 cm 127 0.428 1.117 0.850-1.467 0.616 1.078 0.803-1.447
Differentiation

Well 55 1.000 Ref. 1.000 Ref.

Moderate 99 0.199 1.254 0.888-1.772 0.058 1.444 0.988-2.111

Poor 75 0.006 1.679 1.163-2.422 0.004 1.813 1.213-2.711
T stage

T1 23 1.000 Ref. 1.000 Ref.

T2 65 0.025 1.874 1.084-3.241 0.094 1.638 0.920-2.917

T3 126 0.003 2.198 1.307-3.697 0.035 1.796 1.042-3.097

T4 15 <0.001 4.343 2.123-8.888 0.002 3.279 1.571-6.843
N stage

NO 120 1.000 Ref. 1.000 Ref.

N1 87 <0.001 2.522 1.876-3.389 <0.001 3.102 2.247-4.821

N2 19 <0.001 5.288 3.167-8.831 <0.001 4.839 2.873-8.151

N3 3 0.001 7.625 2.385-24.376 <0.001 9.859 3.042-31.953
pTNM stage

I 26 1.000 Ref. 1.000 Ref.

I 101 0.056 1.633 0.988-2.697 0.202 1.427 0.826-2.467

I 102 <0.001 4.783 2.860-7.999 <0.001 4946 2.862-8.548
Adjuvant treatment

None 110 1.000 Ref. 1.000 Ref.

Radiotherapy 66 0.120 0.774 0.560-1.069 0.152 0.774 0.545-1.099

Chemotherapy 18 0.181 1410 0.853-2.330 0.846 1.056 0.610-0.827

CRT 35 0.631 1.101 0.743-1.631 0.765 1.067 0.698-1.632
PAX9

Negative 108 1.000 Ref. 1.000 Ref.

Positive 121 <0.001 0.577 0.436-0.764 0.001 0.605 0.450-0.813

DES, disease free survival; OS, overall survival; T, tumor; N, node; PAX9, paired box 9; TNM, tumor node metastasis; ESCC, esophageal
squamous cell carcinoma; CRT, chemoradiotherapy; CI, confidence interval; Ref., Reference.
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Table III. Multivariate analyses of prognostic variables of ESCC treated with curative surgery.

DFS oS

Characteristics P-value HR 95% CI P-value HR 95% C1
Gender

Male 1.000 Ref. 1.000 Ref.

Female 0.715 0.933 0.641-1.356 0.458 0.852 0.559-1.299
Age

<60 1.000 Ref. 1.000 Ref.

>60 0.747 1.048 0.789-1.392 0.786 0.958 0.704-1.304
Smoking history

Never or light 1.000 Ref. 1.000 Ref.

Heavy 0.155 1.251 0.919-1.703 0.409 1.150 0.825-1.604
Drinking history

Never or light 1.000 Ref. 1.000 Ref.

Heavy 0917 1.016 0.751-1.375 0.946 0.989 0.713-1.371
Tumor site

Cervical 1.000 Ref. 1.000 Ref.

Upper thoracic 0.389 0.638 0.229-1.774 0.234 0.509 0.167-1.549

Middle thoracic 0.118 0.489 0.200-1.200 0.101 0.442 0.167-1.172

Lower thoracic 0.366 0.658 0.266-1.629 0.244 0.557 0.208-1.492
Tumor length

<4 cm 1.000 Ref. 1.000 Ref.

>4 cm 0.646 1.071 0.799-1.437 0413 1.145 0.828-1.582
Differentiation

Well 1.000 Ref. 1.000 Ref.

Moderate 0.462 0.861 0.577-1.284 0.780 1.063 0.691-1.636

Poor 0.741 1.077 0.694-1.670 0.335 1.261 0.786-2.024
T stage

T1 1.000 Ref. 1.000 Ref.

T2 0.701 1.157 0.550-2.435 0.948 0.976 0.469-2.030

T3 0.633 1.214 0.548-2.688 0.999 1.001 0.458-2.185

T4 0.301 1.766 0.601-5.194 0.607 1.332 0.446-3.978
N stage

NO 1.000 Ref. 1.000 Ref.

NI 0.019 1.988 1.118-3.534 0.004 2.407 1.315-4.405

N2 0.001 3.357 1.612-6.993 0.009 2.824 1.298-6.147

N3 0.049 4.029 1.001-16.224 0.029 4.642 1.169-18.432
pTNM stage

I 1.000 Ref. 1.000 Ref.

I 0.321 1.491 0.677-3.286 0.399 1415 0.632-3.171

I 0.031 2.552 1.290-7.319 0.037 2.537 1.274-7.365
Adjuvant treatment

None 1.000 Ref. 1.000 Ref.

Radiotherapy 0.064 0.646 0.455-1.016 0.072 0.641 0.438-1.038

Chemotherapy 0.563 1.183 0.669-2.092 0437 0.776 0.409-1.472

CRT 0.081 0.658 0.411-1.052 0.075 0.584 0.354-1.062
PAX9

Negative 1.000 Ref. 1.000 Ref.

Positive 0.004 0.641 0.472-0.869 0.014 0.673 0.491-0.922

DEFS, disease free survival; OS, overall survival; T, tumor; N, node; PAX9, paired box 9; TNM, tumor node metastasis; ESCC, esophageal
squamous cell carcinoma; CRT, chemoradiotherapy; CI, confidence interval; Ref., Reference.
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Figure 2. Kaplan-Meier analysis of PAX9 expression in 229 patients with
esophageal squamous cell carcinoma who underwent surgery. Negative
PAX9 expression was significantly associated with (A) poor disease-free
survival (P<0.001 vs. PAX9 positive) and (B) poor overall survival (P=0.001
vs. PAXO positive). PAXO, paired box 9.

vary largely in patients with the same pathological diagnosis
and radiotherapy dose, and this remains to be elucidated.
Tumor-associated factors that contribute to the efficacy of
radiotherapy include oxygen status, proliferative potential and
capacity to repair radiation damage. However, there remains
a lack of understanding of the differences in ESCC patient
responses to radiotherapy. The findings of the present study
may additionally aid the generation of a rational strategy for
targeted therapy in PAX9-positive ESCC patients.
Biomarkers have been utilized for predicting tumori-
genesis, progression and prognosis (44,45). In ESCC,
PAX9 downregulation may influence the cell cycle via by
maintaining tumor cells in the G, stage and that may cause
cells to be more resistant to cellular radiosensitivity. Cells
in the G, and M phases of the cell cycle are sensitive to
ionizing radiation, whereas those in the G, phase are resis-
tant (46). Studies on PAX9 expression in other tumor types
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Figure 3. Kaplan-Meier analysis of PAX9 expression in 119 patients with
esophageal squamous cell carcinoma who received adjuvant therapy
following surgery. Negative PAX9 expression was significantly associated
with (A) poor disease-free survival and (B) poor overall survival. P<0.001 vs.
PAX9 positive. PAX9, paired box 9.

have been published over the last 10 years. For example,
Lee et al revealed that PAX9 inhibition causes the induction
of apoptosis with enhanced cleavage of caspase-3 and poly
ADP-ribose polymerase, increased expression levels of Bax
and reduced expression levels of Bcl-2 in oral squamous cell
carcinoma. In addition, cells transfected with PAX9 siRNA
and cells infected with adenovirus-mediated expression of
dominant-negative c-myb have been reported to display cell
cycle arrest at the G, phase (30). The findings of the present
study may support this mechanism.

PAX9 has been demonstrated to be involved in numerous
signaling pathways, including the Janus kinase/signal
transducers and activators of transcription (JAK/STAT),
wingless-type MMTYV integration site family (Wnt), bone
morphogenetic protein (BMP) and phosphatidylinositol
3-kinase/protein kinase B (PI3K/Akt) pathways. However,
the involvement of PAX9 in carcinogenesis is not likely to
be limited to these signaling pathways. PAX9 may serve
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Figure 4. Kaplan-Meier analysis of 121 patients with esophageal squamous
cell carcinoma with PAXO positivity who did or did not receive postoperative
radiotherapy. Patients who did not receive radiotherapy were significantly
associated with (A) poor disease-free survival (P=0.011 vs. with radio-
therapy) and (B) poor overall survival (P=0.009 vs. with radiotherapy).
PAXO, paired box 9.

different roles via different mechanisms in various tumor
tissues. In the mothers against DPP homolog (Smad) 3
and Smad4 signaling pathways, PAX9 serves an important
role in the suppression of microRNA-450b-5p by trans-
forming growth factor-p1 (36). In a study conducted by
Kendall et al (29), PAX9 was identified as a lung cell lineage
addiction oncogene, representing a fundamental tumor
survival mechanism with important therapeutic implications;
in addition to thyroid transcription factor 1 (TTF1) and NK2
homeobox 8 (NKX2-8), PAX9 serves a role in the mainte-
nance of squamous cell carcinoma tumor cells that exhibit
the 14q13.3 amplification, which is a recurrent amplicon
in lung cancer. The amplification of these genes frequently
results in the promotion of lung cancer and cell proliferation.
Hsu et al demonstrated that this three-gene signature is asso-
ciated with genes and pathways involved in embryonal tissue
development (JAK/STAT, Wnt, BMP and Hedgehog) and
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lung development (mitogen activated protein kinase, PI3 K
and JAK/STAT) (47). The majority of the adenocarcinoma
samples exhibited a higher probability of PAX9 and TTF1
activation relative to SCC cells. In addition, the specific
patterns of coactivation of developmental transcription
factors (PAX9, TTF-1 and NKX2-8) were independent of
KRAS or epidermal growth factor mutational events. PAX9
activation was associated with cisplatin sensitivity. However,
the specific mechanism of action of PAX9 requires further
investigation.

ESCC has been widely considered a genetic disease
resulting from synergistic action of tumor suppressor
genes/oncogenes, and there is interconnectivity between
multiple signaling pathways. High-throughput technologies,
including cDNA microarrays, proteomics, transcriptomics,
genome-wide association studies and microRNA arrays,
have allowed access to a host of cancer genomes, thereby
increasing understanding of cancer-associated pathobiology
and signaling networks. Combined analysis of the activity
spectra and proteomics data revealed that the primary
signaling pathways involved in ESCC were mitogen-acti-
vated protein kinase, Wnt and Akt pathways, which led to
the identification of regulatory networks, cross-transcription
factors, microRNAs and target genes (44,48,49). Driven by
heritable and somatic alterations in DNA, ESCC displays
genetic and epigenetic alterations, including DNA meth-
ylation, histone deacetylation, chromatin remodeling, gene
imprinting and noncoding RNA regulation, which underpin
carcinogenesis, progression and metastasis. Protein-based
biomarkers are possibly more appropriate biomarkers than
DNA- or RNA-based markers. Therefore, proteomic markers
are closer and more relevant to disease state initiation and
progression (50).

The present study has some limitations. The number of
cases assessed was limited. Despite its preliminary nature,
the present study suggests that PAX9 is an independent
prognostic factor for ESCC. More studies involving a larger
number of samples are required to further confirm these
results. In addition, the patients selected for the present study
were post-operative. The selection of non-surgery patients
with observable and measurable tumors may be beneficial to
investigate the association between PAX9 expression and the
short-term curative effects of radiotherapy. In vitro and in vivo
experiments are required to ascertain the predictive value of
PAXO9 in radiation sensitivity in ESCC.

In the present study, low expression levels of PAX9 were
significantly associated with poor survival in ESCC patients
following surgery. PAX9 may be an independent prognostic
factor for ESCC patient survival. Additionally, PAX9 may
serve as a possible predictor of radiation sensitivity, which may
assist clinicians in developing a rational approach to personal-
ized treatment for ESCC patients. However, the role of PAX9
in ESCC requires further investigation.
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