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Abstract. Sox7 is a tumor suppressor gene that plays an 
important role in the inhibition and progression of cancer. In 
the present study, we sought to investigate Sox7 expression 
in gastric cancer (GC) and its association with the Wnt/β-
catenin signaling pathway. We also wished to determine its 
clinicopathological significance and prognostic implications. 
Sox7 expression and its effects on the Wnt/β-catenin signaling 
in vitro were assessed by reverse transcription-polymerase 
chain reaction using the AGS, MKN-45 and GES-1 gastric 
cell lines. We also used immunohistochemistry on paraffin-
embedded tissue samples and western blot analysis on fresh 
tissue samples from patients with GC. The results revealed that 
Sox7 expression was significantly lower in the GC samples 
than in distal normal tissues, which was in accordance with our 
results obtained from our in vitro experiments on the cell lines. 
However, the expression levels of β-catenin were significantly 
higher. Sox7 and β-catenin expression significantly correlated 
with the depth of invasion, lymph node metastasis, distant 
metastasis and the TNM stage. Patient samples that were Sox7-
negative correlated with a significantly shorter survival time. 
Multivariate survival analysis revealed that Sox7 and β-catenin 
had an independent effect on the survival of GC patients. Sox7 
and β-catenin expression in GC had a negative liner correlation 
with each other. Our findings suggest that Sox7 plays an impor-
tant role in inhibiting tumorigenesis and progression, and may 
be a potential marker for predicting the prognosis of patients 
with GC.

Introduction

Stomach cancer is one of the common malignancies world-
wide and is the second most frequent cause of cancer-related 
mortality. The ratio of males to females with stomach cancer 
is approximately 2:1, with the highest incidence of gastric 
cancer (GC) occurring in East Asia, with approximately 
70 cases per 100,000 individuals annually (1). A number 
of factors have been associated with an increased risk of 
stomach cancer, including Helicobacter pylori infection, a high 
consumption of salt-preserved food, smoking and air pollu-
tion. Several strategies have been implemented to reduce the 
severity of GC; however, the final treatment outcomes have not 
met expectations. At the time of diagnosis of GC, the majority 
cases already at the advanced stages of tumorigenesis (2).

Damage to the genome alters the expression of proteins that 
are associated with various essential cellular functions. This 
results in an enhanced malignancy, particularly in the case 
of GC. This has been well-known for many years; however, 
the identification of effective biomarkers for the detection or 
the targeted therapy of cancer remains incomplete. The sex-
determining region of Y-chromosome (SRY)-related high 
mobility-group box (Sox) genes belong to the high mobility 
group (HMG) protein family. These genes encode proteins or 
transcription factors similar to the SRY gene product from a 
conserved region (3). Together with Sox17 and Sox18, Sox7 
belongs to the Sox F gene subfamily (4). Sox7 was first identi-
fied in zebrafish and rats (5,6), with transcriptional regulation 
carried out through the methylation of a CpG island at the start 
site of the gene (7,8). Previous studies have demonstrated that 
the Sox genes can regulate a number of processes, including 
gut, B cell, muscle and cardiovascular system develop-
ment (9-11); they also participate in a number of biological 
processes in a variety of tumors. The expression of Sox7 has 
been found to be significantly downregulated in many cancer 
tissues and cell lines. Sox7 has also been strongly associated 
with the Wnt/β-catenin signaling pathway, tumor prognosis and 
the clinicopathological characteristics of cancer (7,8,12-17).

The Wnt/β-catenin signaling pathway regulates a variety 
of cellular process, such as cell fate, proliferation, survival, 
behavior and migration (18). In this pathway, β-catenin is 
a key effector that regulates Wnt/β-catenin targets. It is 
commonly found that the accumulation of β-catenin leads to 
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the aberrant activation of the Wnt/β-catenin pathway in human 
cancers (19-21). However, to date, there are no studies focusing 
on Sox7 expression in GC, apart from a few studies investigating 
the association between Sox7 expression and the Wnt/β-catenin 
signaling pathway in GC. In the present study, we focused on 
the association between the molecular pathology of GC and 
survival. Moreover, we investigated the expression levels of 
Sox7 and β-catenin in GC tissues, normal mucosal tissues and 
cell lines. We also explored the possible association between 
Sox7 and β-catenin expression levels and clinicopathological 
characteristics of patients with GC.

Materials and methods

Patients and specimens. The patients included in our study 
had been diagnosed with GC and had undergone surgical 
treatment (n=258) at the General Department of Chinese 
People's Liberation Army (PLA) General Hospital (Beijing, 
China) between January 2003 and December 2008. None of 
the patients had undergone chemotherapy or radiotherapy 
prior to surgical treatment, nor had they suffered from other 
synchronous malignancies. Tumors were evaluated by the 
pathological tumor node metastasis (pTNM) staging system 
according to the criteria of the American Joint Committee on 
Cancer (7th edition) and The Japan Gastric Cancer Association 
(JGCA) guidelines. Data relating to the clinicopathological 
characteristics of patients and tumors were collected from 
hospital records. Follow-up data were collected from the data-
base available in our department. The follow-up time began on 
the day of the primary tumor operation, while the end-point 
of the overall survival (OS) analysis was the time of death of 
the patient or our last follow-up session. Paraffin-embedded 
primary GC specimens from 258 patients were obtained, and 
80 distal normal gastric tissues were randomly selected as the 
normal controls. Another 60 pairs of freshly frozen GC tissue 
samples and matched normal mucosal tissue samples adja-
cent to the carcinoma were collected from patients following 
the above-mentioned criteria. These patients had undergone 
surgical excision at the General Surgery Department of PLA 
General Hospital from January 2012 to June 2013; the samples 
were stored at -80˚C until use in western blot analysis. Our 
study was conducted with the approval of the Chinese PLA 
General Hospital Research Ethics Committee.

Cell culture. The human GC cell lines, AGS and MKN-45, and 
the human normal gastric mucosa cell line, GES-1 (obtained 
from ATCC, Manassas, VA, USA) were cultured in RPMI 1640 
medium (Gibco-BRL, Gaithersburg, MD, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco-BRL), 100 U/ml 
penicillin and 100 µg/ml streptomycin, at 37˚C/5% CO2.

Reverse transcription-polymerase chain reaction (RT-PCR) . 
Total RNA was extracted using TRIzol reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA) according to a standard 
proteinase K method. Reverse transcription to produce cDNA 
was conducted using a reverse transcription kit (Applied 
Biosystems, Foster City, CA, USA). We used specific primers 
and aliquots (2 µl) of the cDNA as templates, to amplify 
fragments of Sox7 (5'-TAAATCAGGGGCCGGGTCG-3' and 
5'-CTTCCACGACTTTCCCAGCA-3'), β-catenin (5'-ATTG 

AAGCTGAGGGAGCCAC-3' and 5'-TCCTGGCCATATCC 
ACCAGA-3') and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH; 5'-AGAAGGCTGGGGCTCATTTG-3' and 5'-AGG 
GGCCATCCACAGTCTTC-3') as an internal control. The 
thermal cycling conditions we used involved a denaturation 
step at 95˚C for 10 min, then 30 cycles at 95˚C for 30 sec, 58˚C 
for 60 sec and 72˚C for 30 sec, with a final extension step at 
72˚C for 5 min after the 30th cycle.

Immunohistochemistry (IHC). Sections (5 µm thick) were 
cut from paraffin blocks and IHC was conducted using 
avidin-biotin-peroxidase complex kits (Vector Laboratories,  
Burlingame, CA, USA), according to the instructions provided 
by the manufacturer. The sections were subsequently incu-
bated with polyclonal rabbit anti-human Sox7 (1:250 dilution; 
R&D Systems, Minneapolis, MN, USA) and polyclonal rabbit 
anti-human β-catenin antibodies (1:250; R&D Systems) 
at room temperature overnight, in a humidified chamber. 
Diaminobenzidine (Vector Laboratories) was used as the 
chromogen and the slides were counterstained with Mayer's 
hematoxylin. All sections were examined and scored by two 
independent investigators, who were blinded with regard to the 
sample groups. We analyzed both the intensity and the extent of 
positive staining, as previously described (22,23). Intensity was 
graded as follows: 0, no staining; 1, mild intensity; 2, moderate 
intensity; 3, severe intensity. The extent of staining was scored 
as follows: 0, no positive staining; 1, 1-25% of carcinoma cells 
was positive; 2, 25-50% was positive; 3, >50% was positive. The 
final score for a section was generated by combining the two 
values for the intensity and extent of staining. A score of ≤1 
was considered negative, while a score between 2 and 6 was 
considered positive.

Protein extraction and western blot analysis. The tissue 
samples or cells were homogenized in extraction buffer 
(100 mM Trizma pH 7.5, 10 mM EDTA, 100 mM NaF, 10 mM 
sodium pyrophosphate, 10 mM sodium orthovanadate, 2 mM 
phenylmethanesulfonyl fluoride and 0.01 mg/ml aprotinin) at 
4˚C for 15 min. Following homogenization, Triton X-100 was 
added to a final concentration of 1% (v/v), and the samples were 
incubated for 30 min at 4˚C and then centrifuged (13,000 x g; 
20 min; 4˚C). The concentration of total protein in each 
sample was determined using bovine serum albumin (BSA) as 
a standard. Equal amounts of protein from each sample were 
diluted in Laemmli buffer containing dithiothreitol (DTT; 
1 M) and separated by electrophoresis on polyacrylamide 
gels (SDS-PAGE). The proteins were then transferred onto 
nitrocellulose membranes, which were blocked with 5% skim 
milk. The membranes were incubated at room temperature 
overnight with the appropriate antibodies [anti-human Sox7 
(R&D Systems), anti-human β-catenin (R&D Systems) and 
anti-human β-actin (Sigma St. Louis, MO, USA)] diluted in a 
basal solution containing 3% skim milk. The membranes were 
then incubated with the appropriate corresponding secondary 
antibody (1:15,000) conjugated to horseradish peroxidase 
(HrP) at room temperature for 1 h. After a final wash, the 
signals were visualized using an ECL Western Blotting 
System kit (GE Healthcare, Little Chalfont, Buckinghamshire, 
UK). Signals and band intensities were quantified by optical 
densitometry using ImageJ 1.37 software.
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Statistical analysis. The correlation between various clinico-
pathological characteristics of the patients with GC and Sox7 
gene expression was analyzed using χ2 or Fisher's exact tests. 
The association between Sox7 and β-catenin expression levels 
was examined using Spearman's rank correlation coefficient or 
Pearson's correlation coefficient. The paired-samples t-test was 
used to assess the differences in the relative expression of Sox7 
and β-catenin proteins in GC and normal mucosal tissues. The 

5-year OS rate was calculated using the Kaplan-Meier method. 
The difference between curves was analyzed using the log-
rank test. Multivariate survival analysis was based on the Cox 
proportional hazard model. A P-value <0.05 was considered 
to indicate a statistically significant difference. All statistical 
analyses were performed using SPSS version 17.0 software 
(SPSS Inc., Chicago, IL, USA).

Results

Sox7 and β-catenin expression in the GC cell lines. Sox7 
expression levels were lower in the tumor cell lines compared 
with the GES-1 cells, whereas β-catenin was overexpressed in 
the tumor cell lines (Fig. 1A). The western blot analysis results 
for the Sox7 and β-catenin proteins in the cell lines revealed a 
similar trend (Fig. 1B). The difference in the expression levels 
was statistically significant (P<0.05).

IHC analysis of Sox7 and β-catenin expression in tissues. 
Sox7 expression was downregulated to a greater extent in 
the GC tissues compared with the normal mucosal tissues. 
Sox7 protein expression was weak or absent in 119 of the GC 
samples; in the remaining 139 samples, Sox7 was mainly 

Figure 1. Sox7 and β-catenin expression in vitro. (A) RT-PCR analysis revealed 
that Sox7 was expressed at lower levels in the AGS and MKN-45 cells gastric 
cancer compared the GES-1 normal gastric mucosa cells. (B) Western blot 
analysis revealed that Sox7 was expressed at lower levels in the AGS and 
MKN-45 levels compared the GES-1 cells.

Figure 2. Immunohistochemistry (IHC). Sox7 expression was frequently downregulated and correlated with β-catenin expression in the gastric cancer (GC) 
samples. Sox7 was expressed mainly in the nucleus, and to a lesser extent in the cytoplasm. β-catenin was present in the nucleus, cytoplasm and cell membrane. 
(A) Sox7 was expressed mainly in the nucleus, and in the cytoplasm to a lesser extent, of distal normal gastric mucosal tissue samples (magnification, x100); 
(B) β-catenin expression was absent in distal normal gastric mucosal tissue samples (x100); (C and D) Sox7 was weakly expressed at sites where β-catenin expres-
sion was significantly upregulated in GC (x100); (E and F) Sox7 expression was upregulated at sites where β-catenin expression was absent in GC samples (x100). 
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expressed in the nucleus, and, to a lesser extent, in the cyto-
plasm. The prevalence of Sox7 expression was 86.3% (69/80) 

in the distal normal mucosa samples, that is to say, much 
higher than that in the cancerous tissue samples. Staining 

Table I. Association of Sox7 and β-catenin expression with clinicopathological characteristics of gastric cancer patients.

 Sox7  β-catenin
 -------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------
Variables Positive Negative P-value Positive Negative P-value

Gender
  Male   71   80 0.488   82   69 0.645
  Female   55   52    55   52
Age, years
  ≤45    31   33 0.286   33   31 0.921
  45-60    53   44    51   46
  >60   42   55    53   44
Tumor site
  Upper    34   39 0.651   42   31 0.594
  Middle    45   40    42   43
  Low   47   53    53   47
Tumor size
  ≤4 cm    52   52 0.759   51   53 0283
  >4 cm   74   80    86   68
Lauren classification
  Intestinal    94 101 0.672 102   93 0.555
  Diffuse    23   25    25   23
  Mixed     9     6    10     5
Histological type
  Adenocarcinoma 102 114 0.239 115 101 0.919 
  Other   24   18    22   20
Differentiation grade
  Well-Moderate 74   90 0.115 101   63 0.001
  Poor   52   42    36   58
Depth of invasion
  T1    22     7 0.001     5   24 0.001
  T2   38   33    31   40
  T3   53   58    67   44
  T4   13   34    34   13
Lymph node metastasis
  N0   52   22 0.001   27   47 0.004
  N1    43   55    54   44
  N2    26   40    42   24
  N3     5   15    14     6
Distant metastasis
  M0 120 118 0.079 121 117 0.012
  M1    6   14    16     4
TNM stage
  I   36   10 0.001     7   39 0.001
  II   63   70    76   57
  III   22   39    39   22
  IV     5   13    15     3

A value of P<0.05 was considered to indicate a statistically significant difference.
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was mainly observed in the nucleus or cytoplasm (Fig. 2A 
and C). By contrast, β-catenin was overexpressed in the GC 
tissues (137/258) and weakly expressed or absent in the normal 
mucosa (56/80) (Fig. 2B and D). β-catenin was observed in the 
nucleus, cytoplasm and cellular membrane. At sites where Sox7 
was expressed, β-catenin was weakly expressed or absent and, 
where β-catenin was expressed, Sox7 was absent (Fig. 2C-F).

Significant positive associations were observed between 
Sox7 expression and the differentiation grade (P=0.001), depth 
of invasion (P=0.001), lymph node metastasis (P=0.001) and 
pTNM stage (P=0.001; Table I). The expression of β-catenin 
showed a significant correlation with the differentiation grade 
(P=0.001), depth of invasion (P=0.001), lymph node metastasis 
(P=0.004), distant metastasis (P=0.012) and pTNM stage 
(P=0.001; Table I). There was a significant association between 
the downregulated Sox7 expression and the high-level β-catenin 
expression (P=0.001; Table II). An analysis of the association 

between Sox7 and β-catenin expression by IHC revealed a 
significant negative correlation (R=-0.698, P=0.001; Table II).

Western blot analysis of Sox7 and β-catenin expression in 
tissue samples. Sox7 protein expression was detected in 
29 tumor and 58 normal mucosal tissue specimens (Fig. 3A). 
The mean relative expression level of Sox7 was 0.57±0.29 in the 
tumor samples and 1.23±0.31 in the normal samples (Fig. 3B). 
β-catenin protein expression was detected in 94.7% (56/60) 
of the tumor specimens and in 66.7% (40/60) of the normal 
mucosal tissue samples (Fig. 3A). The mean relative expres-
sion levels of β-catenin were 1.25±0.53 in the tumor samples, 
and 0.77±0.43 in the normal mucosal tissues (Fig. 3B). The 
relative expression level of Sox7 protein in the tumor samples 
was significantly lower (P<0.05) than that in the matched 
distal normal mucosal tissues, whereas β-catenin expression 
was significantly higher (P<0.05; Fig. 3B).

Table II. Correlation between Sox7 and β-catenin expression in gastric cancer.

 Sox7 χ2  test Correlation analysis
 ------------------------------------------ ------------------------------------------------------ ---------------------------------------------------
β-catenin + - χ2 P-value R P-vlaue

+   22 115 125.614 0.001 -0.698 0.001
- 104   17

R, correlation coefficient. A value of P<0.05 was considered to indicate a statistically significant difference.

Figure 3. Western blot analysis of Sox7 expression in fresh-frozen tissues and its correlation with β-catenin expression levels. (A) Western blot analysis revealed 
that Sox7 was upregulated in the normal tissue samples, and that Sox7 suppressed the expression of β-catenin in normal tissue samples. (B) Sox7 and β-catenin 
expression levels were significantly different between the two groups (*,**P<0.05). (C) Correlation between Sox7 and β-catenin relative expression levels in gastric 
cancer. Protein levels were relative to β-actin. There was a significant negative linear correlation between Sox7 and β-catenin protein expression (P<0.001, 
R=-0.698). N, normal samples; T, tumor samples.
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Association between Sox7 and β-catenin expression. IHC 
staining revealed a correlation between Sox7 and β-catenin 
expression. We conducted a linear regression analysis of our 
western blot analysis results and found a negative correlation 
between the relative expression levels of Sox7 and β-catenin 
protein in the GC samples (Y=-0.167X+0.78, P<0.001; Fig. 3C).

Survival analysis. The OS time for patients that were 
Sox7-negative was significantly shorter (mean, 49.7±2.6 months) 
than that for Sox7-positive cases (78.5±3.0 months; log-rank 
test, P<0.001; Fig. 4). The overall 5-year survival rate for 

the Sox7-negative group (40.9%) was lower than that of the 
Sox7-positive group (69.2%; log-rank =35.99, P=0.001). Sox7 
expression was found to be an independent prognostic factor 
(P=0.001) by the Cox proportional hazard model. Other 
independent prognostic factors were the Lauren classification, 
lymph node metastasis, pTNM stage and β-catenin expression 
(all P<0.05; Table III).

Discussion

In order to develop sensitive and specific therapies against GC, 
molecular biomarkers must be determined (24). Abnormal 
expression levels of members of the Sox gene family usually 
correlate with malignant and metastatic tumors (16,25). Based 
on our findings, we suggest that Sox7 plays an important role 
in the inhibition of carcinogenesis and the progression of GC. 
The results from a previous study demonstrated that Sox7 
mRNA levels were increased in the MKN-45 cell line (13). 
In the present study, we found that Sox7 expression was 
decreased in the GC cell lines. Our findings were confirmed 
by IHC analyses of GC tissues, suggesting that normal expres-
sion levels of Sox7 play an important role in suppressing 
carcinogenesis. Similar results have been reported for prostate, 
colorectal, endometrial, lung and breast cancer (7,8,14,16,17). 
In our study, Sox7 expression negatively correlated with the 
depth of invasion, lymph node metastasis, distant metastasis 
and pTNM stage. These findings suggest that Sox7 expression 
levels are associated with the malignancy of GC and possibly 
play a potential role in predicting the progression of GC.

Previous findings have suggested that Sox genes are 
widespread and play potential roles in regulating the Wnt/β-
catenin signaling pathway during development (26). A 
number of studies have demonstrated that the Wnt/β-catenin 
pathway, in which β-catenin is a key regulator, is involved in 
the carcinogenesis, progression and prognosis of a variety of 

Table III. Cox regression analysis of prognostic factors in gastric cancer.

 95% CI for HR
 ----------------------------------------
Prognostic variables B SE Wald test P-value HR Lower Upper

Gender -0.166 0.168 0.979 0.322 0.847 0.609 1.177
Age 0.126 0.106 1.432 0.231 1.135 0.923 1.396
Tumor site -0.115 0.099 1.360 0.243 0.891 0.734 1.082
Tumor size -0.167 0.170 0.965 0.326 0.846 0.607 1.180
Lauren classification 0.384 0.173 4.931 0.026 1.469 1.046 2.061
Histology type -0.334 0.279 1.429 0.232 0.716 0.414 1.238
Differentiation grade -0.095 0.194 0.241 0.623 0.909 0.622 1.329
Depth of invasion 0.250 0.143 3.059 0.080 1.284 0.970 1.698
Lymph node metastasis 0.365 0.155 5.541 0.019 1.441 1.063 1.953
Distant metastasis 0.173 0.367 0.222 0.638 1.189 0.579 2.440
TNM stage 0.536 0.253 4.486 0.034 1.709 1.041 2.805
Sox7 expression -0.404 0.205 3.888 0.049 0.668 0.447 0.998
β-catenin expression 0.442  0.211 4.395 0.036 1.556 1.029 2.352

B, partial regression coefficient; CI, confidence interval; HR, hazard ratio; SE, standard error; Wald value statistic for (B/SE)2; P<0.05, 
statistically significant.

Figure 4. Kaplan-Meier survival analysis of Sox7 status (n=256). The blue 
line indicates Sox7-negative patients. The green line indicates Sox7-positive 
patients with GC (log-rank =35.99, P=0.001). 
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malignancies, GC in particular (27-30). Mutations in β-catenin 
are involved in regulating the occurrence of tumors. Our results 
demonstrate that β-catenin is often present in GC tissues, 
positively correlating with the differentiation grade, depth of 
invasion, lymph node metastasis, distant metastasis and pTNM 
stage. These findings further indicate that the Wnt/β-catenin 
pathway plays an important role in the progression of GC.

A motif in the Sox7 protein enables it to bind to β-catenin, 
enabling their interaction (31). Previous studies have indicated 
that the regulation of the Wnt/β-catenin signaling pathway by 
Sox7 results in the disruption of the transcriptional functions 
of the β-catenin/TCF/LEF-1 complex (12). Sox7 has been 
reported to be an independent checkpoint for β-catenin func-
tion in prostate and colon epithelial cells (8). In this study, we 
investigated the association between Sox7 and β-catenin using 
IHC. β-catenin was present in the majority of Sox7-negative 
tissues; at most Sox7-positive sites, β-catenin was absent. We 
speculated that there was a negative correlation between Sox7 
and β-catenin, which was confirmed by the linear regression 
analysis of our western blot analysis results. We therefore 
suggest that the interaction between Sox7 and β-catenin 
plays an important role in carcinogenesis and the progression 
of GC. Previous research suggests that the methylation of a 
CpG island plays a major role as a transcriptional regulator of 
the Sox7 gene (8,16,32); therefore, we hypothesized that the 
regulation of β-catenin signaling by targeting or upregulating 
Sox7 expression may prevent carcinogenesis and control the 
progression of GC (33).

Previous similar studies have demonstrated that the expres-
sion of Sox7 in lung and prostate cancer is associated with 
the prognosis or survival of patients (16,17,32). In our study, 
Kaplan-Meier survival analysis suggested that the reduced 
expression of the Sox7 gene was associated with the poor 
prognosis of GC patients. Sox7-negative GC patients showed a 
significantly shorter OS compared with Sox7-positive patients, 
suggesting that the downregulated expression of Sox7 contrib-
utes to the malignancy of the tumor. It may also play a role 
as a potential biomarker for identifying GC cases with a poor 
prognosis.

In conclusion, our data demonstrate that the expression of 
Sox7 is lower in GC cell lines compared with their normal 
counterparts. We found that Sox7 expression levels in human 
tissues were similar to those observed in GC tissues, while the 
opposite was observed for β-catenin levels. We also observed 
a negative correlation between Sox7 and β-catenin expression 
levels, indicating that Sox7 is possibly associated with the 
Wnt/β-catenin signaling pathway. Sox7 may be a potential 
indicator for predicting the clinical outcome of GC patients. 
We believe that our findings can significantly contribute to our 
understanding of the molecular mechanisms of GC carcino-
genesis and progression.
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