
Abstract. Background: Sex-determining region Y-box 9
(SOX9) is an important transcription factor for the development
and differentiation of cells and their organization. In the present
study, the clinical significance of SOX9 expression in
oesophageal squamous cell carcinoma was examined. Materials
and Methods: SOX9 expression in surgical specimens of
primary tumours were immunohistochemically investigated in
175 patients with oesophageal squamous cell carcinomas.
Results: SOX9 was expressed (moderately or strongly) in 62.9%
of samples. Expression of SOX9 was significantly positively
correlated with depth of invasion, advanced stage, lymphatic
and venous invasion, and poor prognosis. Univariate analysis
showed that depth of invasion, lymph node metastasis, distant
metastasis, stage, lymphatic invasion, venous invasion, and
SOX9 expression were prognostic factors. Multivariate analysis
indicated that depth of invasion and stage were independent
prognostic factors, but SOX9 expression was not. Conclusion:
SOX9 expression is related to prognosis in patients with
oesophageal squamous cell carcinoma, although it is not an
independent prognostic factor.

Oesophageal squamous cell carcinoma (ESCC) is one of the
most aggressive carcinomas of the gastrointestinal tract (1).
There have been many studies of the effects of various
biological factors on the malignant potential of ESCC. Sex-
determining region Y-box 9 (SOX9) is an important
transcriptional factor for the development and differentiation
of cells and their organization (2). Recently, there have been

reports of a correlation between SOX9 expression and
clinical outcomes in some cancer types, including
gastrointestinal tract cancer (3-9). The aims of this
retrospective study were to examine the expression of SOX9
protein in surgical specimens from patients with ESCC
treated with radical surgery and to evaluate whether such
expression is useful for predicting their outcome.

Materials and Methods

Study groups. The study included 175 consecutive patients with
ESCC who underwent curative surgery at Kagoshima University
Hospital between 1996 and 2006. The patients ranged in age from
43 to 87 years (mean=63.3 years). All patients underwent
oesophagectomy with lymph node dissection. None underwent
endoscopic mucosal resection, palliative resection, preoperative
chemotherapy, or radiotherapy, and none of them had synchronous
or metachronous cancer in other organs. Specimens of cancer tissues
and non-cancerous adjacent tissue were collected from the patients
after informed consent had been obtained, in accordance with the
institutional guidelines of our hospital. The specimens were
classified according to the International Union against Cancer
tumour-node-metastasis (TNM) system (10). All M1 classifications
were due to distant lymph node metastases. All patients were
followed-up after discharge with a radiographic examination every
1-3 months, computed tomography every 3-6 months, and
ultrasonography every 6 months. Follow-up data were available for
all patients, with a median follow-up period of 43 months (range=2-
181 months). 

Immunohistochemistry. Tumour samples were fixed with 10%
formaldehyde in phosphate-buffered saline (PBS), embedded in
paraffin, and sectioned into 4-μm-thick slices. After
deparaffinization of the sections, endogenous peroxidase was
blocked by immersing the slides in a 0.3% hydrogen peroxidase–
methanol solution for 30 minutes at room temperature. For staining
with SOX9 antibodies, sections were pre-treated with citrate buffer
for 10 min at 100˚C in a microwave oven. The sections were
washed three times with PBS for 5 min, and then blocked by
treatment with PBS containing 3% skim milk for 30 min at room
temperature. The blocked sections were incubated overnight at 4˚C
with primary antibody: SOX9 (AB5535, Merck Millipore,
Darmstadt Germany), diluted with PBS 1:500 before staining with
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a streptavidin-biotin peroxidase kit (Nichirei, Tokyo, Japan). The
sections were washed three times in PBS for 5 min, and the immune
complex was visualized by incubating the sections with
diaminobenzidine tetrahydrochloride. They were rinsed briefly in
water, counterstained with haematoxylin, and mounted. The normal
oesophageal epithelium tissues were used as the positive control,
and negative controls were generated by replacing the primary
antibodies with PBS. 

Immunohistochemistry was independently evaluated by two
investigators (N.H. and H.O.). To evaluate SOX9 expression, 10 fields
of the tumour were selected, and expression was evaluated in 1,000
tumour cells (100 cells/field) using high-power (×200) microscopy.
For nuclear expression of SOX9, immunostaining of each section was
scored on a 4-tiered scale for intensity: absent: 0% (Figure 1A), weak:
less than 5% (Figure 1B), moderate: 5-50% (Figure 1C), and strong:
51-100% (Figure 1D). The protein expression was defined as positive
when the intensity was moderate or strong. 

Statistical analysis. Statistical analysis of group differences was
performed using the chi-squared test and the t-test. The Kaplan–Meier
method was used for survival analysis, and differences in survival
were estimated using the log-rank test. The prognostic factors were
examined by univariate and multivariate analyses (Cox proportional
hazards regression model). The p-values in this study are from two-
sided tests, and a p-value of less than 0.05 was considered significant.
All statistical analyses were performed using the SPSS Statistics
Software Package (SPSS Inc., Chicago, IL, USA).

Results 

SOX9 expression in ESCC. SOX9 expression was absent in
20.6% (36 cases), weak in 16.6% (29 cases), moderate in
30.9% (54 cases), and strong in 32.0% (56 cases). Thus,
positive expression of SOX9 was detectable in nuclear
regions in 62.9% of all patients (Figure 1, Table I).

Relationship between SOX9 expression and clinicopathological
findings. SOX9 expression was significantly associated with
depth of tumour invasion (pT), stage, lymphatic invasion, and
venous invasion (Table I). Tumours with positive expression
of SOX9 invaded deeper, were of a more advanced stage, with
more frequent lymphatic or venous invasion (p=0.0003,
0.0003, 0.018 and 0.005, respectively) than those that were
negative for SOX9 expression. 

Relationship between prognosis and SOX9 expression by
univariate and multivariate analyses of survival. The
postoperative survival rate was significantly better in patients
with negative SOX9 expression than in those with positive
SOX9 expression. (p=0.008; Figure 2). Univariate analysis
showed the following factors to be significantly related to
poorer postoperative survival: depth of tumour invasion,
lymph node metastasis, distant metastasis, stage, lymphatic
invasion, venous invasion, and SOX9 expression. Multivariate
regression analysis indicated that depth of tumour invasion
and stage were independent prognostic factors (Table II).

Discussion

SOX9 was first identified as a key regulator of cartilage and
male gonadal development (11). Mutation or abnormal
expression of the SOX gene contributes to many diseases,
such as campomelic dysplasia and autosomal sex reversal
(2). Recently, there have been reports of a correlation
between SOX9 expression and clinical outcome in some
cancer types. SOX9 was found to be up-regulated in several
tumour types, such as carcinomas of the lung, prostate,
pancreas, liver, biliary tract, colorectum, and stomach (3-9).
Among gastrointestinal types of cancer, SOX9 protein was
detected as being strongly expressed in colorectal carcinoma
(34%) (8) and gastric carcinoma (34%) (9). In the present
series, strong SOX9 expression was seen in 32% of ESCCs,
in accordance with other types of gastrointestinal cancer. 

Concerning the significance of SOX9 expression in
digestive tract cancer, several studies have examined SOX9
expression and various clinicopathological parameters and
prognosis as follows. In pancreatic carcinoma, SOX9
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Table I. Relationships between sex-determining region Y-box 9 (SOX9)
expression and clinicopathological factors in patients with oesophageal
squamous cell carcinoma.

Characteristic                        Total           SOX9-        SOX9-        p-Value
                                                                positive      negative
                                                                (n=110,       (n=65, 
                                                                 62.9%)        37.1%)

Age, years
  Mean±SD                         63.3±8.8      63.0±9.2     63.7±8.1      0.64
Gender, n 
  Male                                162              102               60                0.92
  Female                              13                  8                  5                  
pT, n 
  pT1, 2                               74                35               39                0.0003
  pT3, 4                             101                75               26                  
pN, n 
  pN0                                   65                35               30                0.058
  pN1                                 110                75               35                  
pM, n 
  pM0                                130                79               51                0.33
  pM1                                  45                31               14                  
Stage, n 
  I, II                                    74                35               39                0.0003
  III, IV                             101                75               26                  
Histology, n 
  Well, moderate               145                92               53                0.72
  Poor                                  30                18               12                  
Lymphatic invasion, n 
  Negative                           49                24               25                0.018
  Positive                           126                86               40                  
Venous invasion, n 
  Negative                           58                28               30                0.005
  Positive                           117                82               35                  



expression was significantly associated with distant
metastasis and worse survival (5); in hepatocellular
carcinoma, SOX9 expression was significantly associated
with higher tumour stage and grade, and lower 5-year overall
survival (6); in cholangiocarcinoma, SOX9 expression was
significantly associated with biliary infiltration and poor
survival (7); in colorectal carcinoma, SOX9 expression was
found to be related to tumour histological type and worse
overall survival (8); and in gastric carcinoma, SOX9
expression was significantly associated with tumour
invasion, lymph node metastasis, and advanced stage (9).

In the present study, SOX9 expression was significantly
associated with depth of tumour invasion, advanced stage,
lymphatic and venous invasion, and poor overall survival.
Taken together, SOX9 may be related to malignant properties
such as proliferation, invasion, metastasis, and worse
prognosis of digestive tract cancer. 

Recent studies showed that SOX9 controls cell fate during
the development of a broad range of tissues generally,
inhibits apoptosis and promotes proliferation, invasion, and
metastasis of human cancer cells (12, 13). The mechanisms
underlying these phenomena were explained as follows.
Firstly, SOX9 is required for tumour formation in a

WNT/beta-catenin signalling-dependent manner, which then
promotes cancer stemness and inhibits differentiation.
Secondly, SOX9 controls adhesion and extracellular matrix
and cytoskeleton remodelling. Finally, SOX9 promotes
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Figure 1. Nuclear expression of sex-determining region Y-box 9 (SOX9) protein in oesophageal squamous cell carcinoma. A: Negative nuclear
expression of SOX9. B: Weak nuclear expression of SOX9. C: Moderate nuclear expression of SOX9. D: Strong nuclear expression of SOX9. Original
magnification, ×200.

Figure 2. Overall postoperative survival curves according to nuclear
expression of sex-determining region Y-box 9 (SOX9) protein. Survival
was significantly poorer for patients with SOX9-positive disease
compared to those who had SOX9-negative disease (p=0.008). 



oncogene-expressing cells to develop into invasive tumours
(13). In patients with ESCC in the present study, SOX9
expression had prognostic value that correlated with tumour
invasion, in accordance with the latest research data. 

In conclusion, SOX9 expression had a prognostic value in
univariate analysis that correlated with tumour invasion,
although it was not an independent prognostic factor in
multivariate analysis. Evaluation of SOX9 expression might
be partially useful for determining malignant properties in
patients with ESCC.
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Table II. Univariate and multivariate analyses of survival in patients with oesophageal squamous cell carcinoma.

Factor                                         Comparison                  Univariate p-Value         Hazard ratio         95% Confidence interval         Multivariate p-Value

pT                                           pT1, 2 vs. pT3, 4                       <0.001                         0.370                         0.181-0.758                                0.007
pN                                              pN0 vs. pN1                           <0.001                         1.386                         0.509-3.777                                0.523
pM                                             pM0 vs. pM1                          <0.001                         0.573                         0.326-1.009                                0.054
Stage                                         I, II vs. III, IV                         <0.001                         0.319                         0.116-0.879                                0.027
Lymphatic invasion            Negative vs. positive                    <0.001                         0.931                         0.297-2.920                                0.902
Venous invasion                 Negative vs. positive                    <0.001                         0.667                         0.297-2.920                                0.225
SOX9                                  Negative vs. positive                      0.010                         0.934                         0.546-1.598                                0.806

SOX9: Sex-determining region Y-box 9.


