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Low SOX12 Expression Is Correlated With
Poor Prognosis in Patients With Gastric
Cancer
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Abstract
Background: SRY-related HMG box-12, which is associated with the prognosis of cancer, has been frequently described.
However, both SRY-related HMG box-12 expression and its relationship with clinicopathological variables and patient survival
have not been defined in gastric cancer. The aim of our study was to examine the prognostic value of SRY-related HMG box-12
expression in patients with gastric cancer. Methods: In this study, we determined SRY-related HMG box-12 expression in 79
primary gastric cancer tissues and 79 matched adjacent nontumor tissues by immunohistochemistry and then calculated the
survival rate using the Kaplan-Meier method. Cox proportional hazard regression model was used to analyze predictors of gastric
cancer. Western blot and quantitative real-time polymerase chain reaction were used to investigate the difference in SRY-related
HMG box-12 expression between normal gastric epithelial cells and gastric cancer cells at the protein level and RNA level,
respectively. Results: SRY-related HMG box-12 was downregulated in gastric cancer tissues. Low SRY-related HMG box-12
expression was significantly associated not only with lymph node metastasis (P ¼ .027) and TNM stage (P ¼ .021) but also with
disease-specific survival in patients with gastric cancer. Multivariate analysis demonstrated TNM stage was an independent factor
predicting poor survival (P ¼ .034). Conclusions: Low SRY-related HMG box-12 expression is associated with poor clinical
outcomes in gastric cancer.
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Introduction

Gastric cancer (GC) is the most common malignancies in the

world.1 Although there are surgical treatment and chemother-

apy, the prognosis of GC remains poor, especially for metas-

tasis GC.2 Therefore, it is important to identify new molecules

that predict tumor progression and patient survival.

SRY-related HMG box-12 (SOX12) is a member of the

SOX gene family with highly conserved high mobility group

sequences.3 The SOX proteins are important transcription fac-

tors that can maintain the self-renewal and proliferation of

embryonic stem cells and various tissue stem cells.4,5 Recent

studies indicated that SOX proteins are the leading cause and

direct stimulus of invasion, proliferation, and metastasis of

tumors, contributing to the high mortality caused by advanced

cancers.6,7 For instance, the association between SOX gene

expression and the prognosis of various patients with cancer

has been reported, including SOX2,8,9 SOX4,10 SOX13,11 SOX
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6,12 and SOX 7.13 Likewise, the relationship between SOX12

expression and the prognosis of patients with cancer has also

been reported in breast cancer,14 hepatocellular carcinoma,15

lung cancer,16 and colorectal cancer.17 However, it is worth

noting that the prognostic value of SOX12 expression in dif-

ferent cancers is highly inconsistent: In colorectal cancer, low

SOX12 expression has been shown to be associated with poor

prognosis, but in breast cancer, hepatocellular carcinoma, and

lung cancer, a positive correlation between high SOX12

expression and poor survival has been reported. These results

support the idea that the prognostic value of SOX12 expression

in cancers may be organ specific. Yet the role of SOX12

expression in the prognosis of patients with GC is still uncer-

tain. Therefore, we conducted the study to explore the prog-

nostic value of SOX12 expression in patients with GC.

Materials and Methods

Ethics Statement

Ethical approval for the present study was obtained from the

Research Ethics Committee of China Medical University,

China. All patients providing tumor tissue as well as adjacent

nontumor tissues had signed a consent form before surgery to

allow for this research to be undertaken.

Tissue Samples and Follow-Up

A total of 79 cases of matched GC and normal tissue samples

(3-7 cm away from the tumor margin) were obtained from the

First Affiliated Hospital of China Medical University ranging

from January 2009 to December 2012. No patients had

received any preoperative treatment .The group was composed

of 58 men and 21 women with a mean age of 60 + 15 (range,

22-95) years. All patients-derived specimens were collected

and archived under protocols approved by the Institutional

Review Boards of the First affiliated Hospital China Medical

University. The diagnosis was confirmed by at least 2 pathol-

ogists, and the stage was based on pathological outcomes

according to the 7th American Joint Committee on Cancer

guidelines. Patients with advanced GC received adjuvant che-

motherapy after surgery, but no patients received postoperative

radiotherapy. Follow-up of the 79 patients was conducted until

death or the cutoff date (June 29, 2015). The median of follow-

up was 46 months. Disease-specific survival of patients with

GC was defined as the time from the initial surgery to the death

for cancer-related causes.

Immunohistochemical Methodology

Tissue blocks were fixed in 10% buffered formalin, embedded

in paraffin, and serially sectioned at 5-mm thickness. Endogen-

ous peroxidase activity was suppressed by 10-minute incuba-

tion with 3% hydrogen peroxide. The slides were then blocked

with 5% bobovine serum albumin (BSA) (Boster Bioengineer-

ing, Wuhan, China). The tissue sections were treated with pri-

mary antibodies against SOX12 (Sigma, Shanghai, China) in a

dilution of 1:200 and then incubated overnight in a humidified

chamber at 4�C. The sections were visualized with 3,30-diami-

nobenzidine and counterstained with hematoxylin for micro-

scopic examination.18

Evaluation of Immunohistochemical Staining

Immunoreactivity was evaluated independently by 2 research-

ers who were blinded to patient outcomes. The evaluation was

based on the staining intensity and extent of staining. Staining

intensity was scored as 0 (negative), 1 (weak), 2 (moderate),

and 3 (strong). The scoring system was as follows: 0, no pos-

itive cells; 1-3, positive cells with yellowish, light-brown, and

dark-brown staining, respectively. The percentage of positive

cells was scored as follows: 0, no positive cells; 1, �10%
positive cells; 2, 11% to 50% positive cells; 3, >50% positive

cells. Expression of SOX12 was scored by multiplying the

percentage of positive tumor cells and the staining intensity

and ranged from 0 to 9.19

Cell Culture

Normal gastric epithelial cell line (GES-1) and 3 human gastric

cancer cell lines (SGC-7901 and AGS) were obtained from the

Institute of Biochemistry and Cell Biology at the Chinese

Academy of Sciences (Shanghai, China). Gastric epithelial cell

line was maintained in Dulbecco modified Eagle medium with

10% fetal bovine serum. Both SGC-7901 and AGS were main-

tained in RPMI 1640 medium with 10% fetal bovine serum.

Cell lines were cultured at 37�C in a humidified atmosphere of

5% CO2.

Western Blot

Whole-cell extracts were prepared by lysing cells with Radio

Immunoprecipitation Assay lysis buffer with a proteinase inhi-

bitor cocktail (Sigma-Aldrich; Merck KGaA, Darmstadt, Ger-

many). Protein concentrations were quantified using a Pierce

Protein Assay kit (Thermo Fisher Scientific, Inc, Waltham,

Massachusetts). Protein lysates (20 mg) were separated by

sodium dodecyl sulfate polyacrylamide gel electrophoresis,

and target proteins were detected by Western blot analysis with

antibodies against SOX12 (1:500 dilution; Sigma) and b-actin

(1:5000) as a control.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted from the cells. Reverse transcription

of 1 mg RNA was performed using the RT reagent Kit (Takara,

Dalian, China). Quantitative real-time polymerase chain reac-

tion (PCR) was performed using SYBR Green Premix Ex Taq

(Takara). The sequence of the primer pairs are as follows:

SOX12 forward, 50-CCGAGCGGCCACATCAAGAG-30;
SOX12 reverse, 50-GCCACTGGTCCATGATCTTCCG-30.
Glyceraldehyde-3-phosphate dehydrogenase was used as a ref-

erence gene. The experiment was repeated 3 times.
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Statistical Analysis

Statistical analysis was performed using SPSS version 22 soft-

ware. The w2 test or Fisher exact test was used to analyze the

difference in SOX12 expression between adjacent nontumor

tissues and GC tissues and the relationship between SOX12

expression in GC and clinicopathological variables. According

to the immunohistochemical score of cancer and para-cancer

tissue, the receiver operating characteristic (ROC) curve was

made, and the cutoff value was found. The survival rates were

calculated by the Kaplan-Meier method, and the differences

between the survival curves were examined by the log-rank

test. Prognostic factors were assessed in univariate and multi-

variate analyses using Cox proportional hazards regression

models. Only the significant prognostic factors in the univari-

ate analyses were included to the multivariate analysis. All the

other data were analyzed using Student t test. All P values were

based on the 2-sided statistical analysis, and P < .05 was con-

sidered to be statistically significant in difference.

Results

Expression of SOX12

SOX12 was expressed in both primary GC tissues and matched

adjacent nontumor tissues (Figure 1). In 79 GC tissues, the

immunohistochemical score of SOX12 was 3.55 + 1.863. In

79 matched adjacent nontumor tissues, the score was 6.70 +
1.449. According to the immunohistochemical score of cancer

and matched adjacent nontumor tissues, the ROC curve was

made, and the cutoff value was found (cutoff value¼ 5). So, we

classified a pattern of SOX12 expression ranging from high

expression (scored as �5) to low expression (scored as �5;

Figure 2). Then, the differential expression of SOX12 between

GC tissues and normal tissues was statistically analyzed. As

shown in Figure 1, SOX12 was lowly expressed in GC tissues

when compared to the paired nontumor tissues. We found that

in 79 pairs of GC tissues and adjacent nontumor tissues, the

high expression rate of SOX12 in cancer tissues was 77.22%
(61/79), which was significantly lower than 93.67% (74 /79) in

adjacent tissues. The difference in SOX12 staining between

adjacent nontumor tissues and GC tissues was statistically sig-

nificant (P ¼ .006).

Subsequently, we analyzed the protein and messenger RNA

(mRNA) expression of SOX12 between 1 normal GES-1 and 2

GC cell lines (AGS and SGC-7901) by analyzing Western blot

and quantitative real-time PCR. In concordance with our immu-

nohistochemistry results, we found that expression levels of

SOX12 mRNA and protein in GC cell lines were significant

lower than the expression levels in the GES-1 (Figure 3A and B).

Correlation Between SOX12 Expression and
Clinicopathological Variables in Patients With GC

To investigate the clinicopathological significance of SOX12

in GC, we analyzed the potential correlations between SOX12

expression and the clinicopathological characteristics of

patients with GC. As shown in Table 1, low SOX12 expression

was significantly correlated with the lymph node metastasis

(P ¼ .027) and TNM stage (P ¼ .021) but not significantly

associated with age, invasive depth, vascular invasion, and

histological type.

Figure 1. Representative of SRY-related HMG box-12 (SOX12)

expression in adjacent nontumor tissues and primary gastric cancer

tissues detected by immunostaining with anti-SOX12 antibody (�200

or �400) .The evaluation was based on the staining intensity and

extent of staining. Staining intensity was scored as 0 (negative), 1

(weak), 2 (moderate), and 3 (strong). A and B, Staining status of

adjacent nontumor tissues (strong staining). C and D, Staining of

SOX12 in gastric cancer tissues (negative). E and F, Staining

of SOX12 in gastric cancer tissues (strong staining). G and H, Staining

of SOX12 in gastric cancer tissues (medium staining). I and J,

Staining of SOX12 in gastric cancer tissues (weak staining).
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Survival Analysis

We then performed a Kaplan-Meier survival analysis to

assess whether SOX12 expression in GC tissues could be

used as a prognostic factor for patients with GC. As shown

in Figure 4, the disease-specific survival in patients with

high SOX12 expression was shown to be significantly

greater than that of patients with low SOX12 expression

(P ¼ .025; Figure 4).

To further determine the prognostic value of SOX12 expres-

sion in GC, univariate and multivariate analyses were per-

formed. On univariate analysis, SOX12 expression (P ¼
.025), lymph node metastasis (P ¼ .001), T stage (P ¼ .003),

and TNM stage (P < .001) were all demonstrated to be prog-

nostic factors. Multivariate analysis demonstrated that TNM

stage was independent prognostic factor (P ¼ .034; Table 2).

Figure 3. Expression of SRY-related HMG box-12 (SOX12) in gastric

cancer cell lines. Western blot analysis (A) and quantitative real-time

polymerase chain reaction (PCR) analysis (B) of SOX12 expression in

1 gastric epithelial cell line (GES-1) and 2 gastric cancer cell lines

(AGS and SGC-7901). SOX12 was downregulated in AGS and SGC-

7901 cell lines compared to GES-1 cell line. Data of quantitative real-

time PCR analysis were presented in gastric cancer cell lines relative

to GES-1.

Table 1. Relationship Between SOX12 Expression and Clinicopatho-

logical Variables in Patients With Gastric Cancer.

Characteristics

SOX12 Expression

P ValueLow (%) High (%)

Age, years .518

�60 11 (22.0) 39 (78.0)

�60 7 (24.1) 22 (75.9)

Sex .552

Male 12 (20.7) 46 79.3)

Female 6 (28.6) 15 (71.4)

Histological type .582

Differentiated 9 (23.1) 30 (76.9)

Undifferentiated 9 (22.5) 31 (77.5)

Lymph node metastasis .027

N1 0 (0.0) 12 (100)

N2 4 (23.5) 13 (76.5)

N3 9 (42.9) 13 (57.1)

N0 4 (14.3) 24 (85.7)

Invasive depth .543

T1, T2 5 (15.2) 28 (84.8)

T3, T4 13 (28.3) 33 (71.7)

Vascular invasion .317

Negative 12 (17.6) 56 (82.4)

Positive 8 (42.1) 11 (57.9)

TNM stage .021

I, II 4 (11.1) 32 (88.9)

III, IV 14 (32.6) 29 (67.4)

Abbreviation: SOX12, SRY related HMG box-12.

Figure 4. Kaplan-Meier postoperative survival curve for disease-

specific survival of patients with gastric cancer.

Figure 2. SRY-related HMG box-12 (SOX12) expression level

receiver operating characteristic (ROC) curve.
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Discussion

The abnormal expression of SOX12, which has a close associ-

ation with the development, progression, metastasis, and

prognosis of cancer, has been frequently reported.20-22 How-

ever, both SOX12 expression and its association with clinico-

pathological findings and the reported 5-year survival rate

have not been defined in GCs. In this study, we found that

SOX12 was downregulated in GC tissues compared to adja-

cent nontumor tissues. Our Western blot and quantitative real-

time PCR analyses also confirmed this result in gastric cell

lines. In addition, we found that low expression of SOX12 was

associated with the presence of lymph node metastasis and

advanced TNM stage. Survival analysis showed that low

expression of SOX12 was significantly associated with poor

disease-specific survival in patients with GC. These results

suggest that downregulation of SOX12 may lead to poor prog-

nosis in patients with GC.

In the current study, we found low SOX12 expression was

significantly associated with lymph node metastasis and

advanced TNM stage. Previous work has suggested that

SOX12 may serve as a metastasis suppressor by affecting Wnt

signaling in colon cancer.17 Therefore, given the versatility

of SOX12 and the critical role of Wnt in tumorigenesis, we

speculate that the tumor suppressor role of SOX12 in GC can

be ascribed to this mechanism. In the future work, the

metastasis suppressor characteristics of Wnt signaling should

be examined for GC in the context of low SOX12 expression.

Although there has been an agreement that the functions of

SOX12 differ in different cancers, conflict observations were

reported. For instance, Huang et al showed that survival rate of

patients with hepatocellular carcinoma having higher SOX12

expression was significantly shorter than patients with lower

SOX12 expression.15 On the contrary, Duquet et al demon-

strated that survival rate of patients with colon cancer having

lower SOX12 expression was significantly shorter than patients

with higher SOX12 expression.17 The discrepancies may arise

from different organs involved in the studies: the observations

of Huang et al were mainly made in hepatocellular carcinoma,

whereas in the study of Duquet et al, the role of SOX12 was

studied in colon cancer. Therefore, to unequivocally illustrate

the specific role of SOX12 in GC, we think it more appropriate

to directly investigate the prognostic value of SOX12

expression in patients with GC. Consequently, in our study,

Cox proportional hazard regression model was used to analyze

predictors of GC. Our results clearly show the survival rate of

patients with GC having lower SOX12 expression was signif-

icantly shorter than patients with higher SOX12 expression.

Interestingly, the results obtained by Du et al23 are contrary

to our results. This difference may be caused by a series of

factors, such as experimental reagents, experimental popula-

tion, and so on. The specific reason remains to be further ver-

ified by experiments.

Conclusions

In summary, in this study, we showed that SOX12 was down-

regulated in GC tissues and correlated with poor prognosis in

patients with GC. Our finding implies that SOX12 could be a

potential prognostic marker in patients with GC.
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