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INTRODUCTION 
 

Invasion and metastasis are the important characteristics 

of gastrointestinal (GI) cancers, and leads to a  

poor prognosis [1, 2]. Surgery, radiotherapy, and 

chemotherapy are the predominant treatments for GI  

[3, 4]. Although comprehensive treatment may cure 

some patients with early-stage GI, most patients are 

diagnosed with advanced stage [5]. With the rapid 

development of medical immunology and molecular 

biology techniques, immunotherapy as a new treatment 

method has received extensive attention in the field of 

cancer therapy [6].  Immunotherapy  involves destroying  

 

tumor cells by activating and training the patient’s 

immune system to recognize tumor cells as targets [7, 8]. 

However, only 10% to 20% of the population can benefit 

from immunotherapy [9, 10]. Due to the heterogeneity of 

tumors, the current biomarkers for predicting prognosis 

have certain limitations. Therefore, this field requires 

new biomarkers as prognostic indicators to effectively 

enhance prognosis and individualized treatment. 

 

Epithelial-mesenchymal transition (EMT) is a multistage 

process in which epithelial cells develop into 

mesenchymal-like cells with a large number of distinct 

genetic and epigenetic alterations [11]. EMT also occurs 

www.aging-us.com AGING 2020, Vol. 12, No. 17 

Research Paper 

SNAI1 is a prognostic biomarker and correlated with immune 
infiltrates in gastrointestinal cancers 
 

Jiaying Fang2, Zan Ding1 
 
1The Institute of Metabolic Diseases, Baoan Central Hospital of Shenzhen, The Fifth Affiliated Hospital of Shenzhen 
University, Shenzhen 518102, Guangdong, China 
2Medical Department, Affiliated Huadu Hospital, Southern Medical University (People’s Hospital of Huadu), 
Shenzhen 518102, Guangdong, China 
 
Correspondence to: Zan Ding; email: dingzandz@126.com, https://orcid.org/0000-0002-4051-8037 
Keywords: gastrointestinal cancers, EMT, immune infiltration, biomarker 
Received: February 17, 2020 Accepted: June 4, 2020  Published: August 21, 2020 
 
Copyright: Fang and Ding. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 
 

ABSTRACT 
 

Epithelial-mesenchymal transition (EMT)-related genes play an important role in immunosuppression. 
However, the correlations of EMT-related genes to prognosis and tumor-infiltrating lymphocytes in different 
cancers remain unclear. TCGA, GEO databases were used to analyze the expression, prognosis, and immune 
infiltration of EMT markers in cancer. RT-qPCR, immunohistochemistry, and western blot were used to analysis 
the expression and prognosis of SNAI1 in gastrointestinal cancers. High SNAI1 expression was closely related 
with poorer overall survival in gastrointestinal cancers in TCGA cohort. High SNAI1 expression was closely 
related with poorer overall survival in gastrointestinal cancers, and was validated in GEO database. 
Simultaneously, high expression of SNAI1 correlates with clinical relevance of gastric cancer. Moreover, SNAI1 
expression was associated with tumor-infiltrating immune cells in gastrointestinal cancers. In addition, RT-
qPCR, immunohistochemistry, and western blot showed SNAI1 expression was higher in gastrointestinal 
cancers compared to the normal tissues. Finally, high SNAI1 expression was closely related with poorer overall 
survival and correlates with clinical relevance of gastrointestinal cancers in an independent validation cohort. In 
summary, the results approaches to suggest that SNAI1 can be used as a prognostic biomarker for determining 
prognosis and immune infiltration in gastrointestinal cancers. 

mailto:dingzandz@126.com
https://orcid.org/0000-0002-4051-8037


 

www.aging-us.com 17168 AGING 

in cancer, which endows invasive, metastatic, and 

immunosuppressive properties upon cancer cells that 

favor successful colonization of distal target organs [12]. 

The process of EMT is regulated by a variety of 

cytokines and transcription factors, among which the 

changes of migration and invasion are the most 

important characteristics of EMT, and the changes of 

EMT-related genes expression are the key to the 

formation of EMT [13]. These findings suggest the 

EMT-related genes play an important role in cancer 

progression, invasion, and metastasis. 

 

This study focused on six key EMT-related genes 

(CDH1 encoding E-cadherin, CDH2 encoding N-

cadherin, EMT-induced transcription factor: SNAI1, 

SNAI2, TWIST1, and VIM) [14]. Firstly, we detected 

the expression of EMT-related genes in human cancers. 

Secondly, we comprehensively analyze EMT-related 

genes correlation with prognosis of cancer and was 

validated in GEO database. Moreover, we detected the 

relationship of SNAI1 and tumor-infiltrating immune 

cells in gastrointestinal cancers. Finally, we used 

RT-qPCR, immunohistochemistry, and western blot to 

detect the expression of SNAI1 in gastrointestinal 

cancers and paired adjacent normal tissue, and SNAI1 

was validated as a marker in an independent 

gastrointestinal cancers validation sample cohort. 

 

RESULTS 
 

The six EMT-related genes expression in human 

cancers 

 

To analysis the expression of EMT-related genes in 

human cancers, the Oncomine database was used to 

analysis the EMT-related genes mRNA levels in human 

cancers. Specifically, as shown in Figure 1A, the SNAI1 

expression was higher in colorectal cancer, esophageal 

cancer, gastric cancer, and kidney cancer. To further 

analysis EMT markers in human cancers, we compare 

the expression level of EMT-related genes in TCGA 

dataset (Supplementary Figure 1A–1E). Specifically, as 

shown in Figure 1B, compared with normal tissues, the 

SNAI1 expression was significantly higher in bladder 

 

 
 

Figure 1. The six EMT markers expression levels in different types of human cancers. (A) Increased or decreased six EMT markers 

in datasets of different cancers compared with normal tissues in the Oncomine database. (B) SNAI1 expression levels in different tumor types 
from TCGA database were determined by TIMER (*P < 0.05, **P <0.01, ***P < 0.001). (C–E) Correlation of SNAI1 expression and immune 
subtypes (wound healing, IFN-gamma dominant, inflammatory, lymphocyte depleted, TGF-β dominant) in COAD (colon adenocarcinoma), 
READ (rectum adenocarcinoma), and STAD (stomach adenocarcinoma). 
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urothelial carcinoma (BLCA), colon adenocarcinoma 

(COAD), esophageal carcinoma (ESCA), head and  

neck squamous cell carcinoma (HNSC), kidney 

chromophobe (KICH), kidney renal clear cell carcinoma 

(KIRC), rectum adenocarcinoma (READ), stomach 

adenocarcinoma (STAD). However, SNAI1 expression 

was significantly lower in kidney renal papillary cell 

carcinoma (KIRP), liver hepatocellular carcinoma 

(LIHC), lung adenocarcinoma (LUAD), lung squamous 

cell carcinoma (LUSC), Prostate adenocarcinoma 

(PRAD), thyroid carcinoma (THCA), corpus Endo-

metrial Carcinoma (UCEC). 

 

Survival analysis of six EMT-related genes in cancers 

 

Next, to inspect whether six EMT-related genes were 

related with prognosis in cancer patients, GEPIA site was 

used to analysis the prognosis of genes in cancers by 

using the TCGA dataset (Supplementary Figures 2–7). 

Notably, high SNAI1 expression levels was closely 

related with poorer prognosis of overall survival (OS) in 

STAD (p=0.002), COAD (p=0.013), ESCA (p=0.031), 

KIRP (p=0.045), LGG (p<0.001), LUAD (p=0.026), 

LUSC (p<0.001), MESO (p=0.007), OV (p=0.048), and 

THYM (p=0.001) (Figure 2A, 2B and Supplementary 

Figure 4). Simultaneously, high SNAI1 expression levels 

was moderate closely related with poorer prognosis of 

OS in READ (p=0.093) (Figure 2C). Therefore, we focus 

on SNAI1 expression and prognosis in gastrointestinal 

cancers. 

 

Next, to inspect whether SNAI1 expression was related 

with subtype of gastrointestinal cancers, we divide 

gastrointestinal cancers into five subtypes (CIN, EBV, 

HM-SNV, HM-indel) [15]. We found high SNAI1 

expression was significantly related with subtype of 
 

 
 

Figure 2. Kaplan-Meier survival curves comparing the high and low expression of SNAI1 in gastrointestinal cancers in the TCGA 
dataset and GEO dataset. (A–C) Survival curves of overall survival in COAD (colon adenocarcinoma), READ (rectum adenocarcinoma), and 

STAD (stomach adenocarcinoma) in TCGA cohorts. (D–F) Survival curves of OS, FP, and PFS in six STAD cohorts (GSE29013, GSE31210, 
GSE31908, GSE43580, GSE50081, GSE8894). (G–I) Survival curves of OS and DSS in two CRC cohorts (GSE17536, GSE39582). 
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STAD (p=0.008) and COAD (p=0.008), and moderate 

closely related with READ (p=0.096) (Figure 1C–1E). 

To validate the prognostic potential of SNAI1 in STAD, 

we used Kaplan-Meier plotter database to validate the 

prognostic potential of SNAI1 in STAD. Interestingly, a 

cohorts including GSE62254, GSE14210, GSE15459, 

GSE22377, GSE29272, and GSE51105 indicated that 

high SNAI1 expression was closely related with poorer 

prognosis in STAD (OS HR = 2.09, 95% CI =1.73 to 

2.52, P<0.001; FP HR = 2.06, 95% CI =1.68 to 2.52, 

P<0.001; PFS HR = 2.46, 95% CI = 1.97 to 3.08, 

P<0.001) (Figure 2D–2F). Moreover, two cohorts 

including GSE17536, GSE39582 indicated that high 

SNAI1 expression was closely related with poorer 

prognosis in CRC (OS HR = 1.50, 95% CI =1.03 to 

2.18, P=0.035) (Figure 2G–2I). 

 

High expression of SNAI1 correlates with clinical 

relevance of STAD 

 

Next, we examined the associationship between the 

SNAI1 expression and clinical relevance of STAD. As 

shown in Table 1, high SNAI1 expression was closely 

related with poorer prognosis in female (OS HR = 2.24, 

P<0.001; PFS HR =1.91, P = 0.002) and male (OS HR 

= 2.27, P <0.001; PFS HR =2.43, P<0.001). Moreover, 

high SNAI1 expression was closely related with poorer 

OS and PFS in stage 1 (OS HR = 3.63, P=0.011; PFS 

HR =2.88, P = 0.023), stage 2 (OS HR = 2.03, P=0.021; 

PFS HR =1.93, P = 0.030), stage 3 (OS HR = 1.98, 

P<0.001; PFS HR =2.06, P <0.001), and stage 4 (OS 

HR = 2.06, P<0.001; PFS HR =2.30, P <0.001) of 

STAD, and poorer OS and PFS in TNM stage. 

Furthermore, high SNAI1 expression was closely 

related with poorer prognosis in the lauren classification 

(OS HR = 1.89, P<0.001; PFS HR =2.33, P <0.001), 

moderate differentiation (OS HR = 1.94, P=0.046; PFS 

HR =2.27, P =0.011), negative (OS HR = 1.98, 

P<0.001; PFS HR =2.02, P <0.001) and positive (OS 

HR = 2.14, P<0.001; PFS HR =2.36, P <0.001) HER-2 

status (Table 1). These results suggest that high SNAI1 

expression can impact the prognosis in STAD with 

lymph node metastasis, and SNAI1 is an independent 

prognostic marker but can also predict the 

clinicopathological features of STAD. 

 

SNAI1 expression was correlated with tumor-

infiltrating lymphocytes (TILs) 

 

TILs are an independent predictor in cancers [16, 17]. 

Therefore, TIMER database was used to infer the 

relations between abundance of TILs and expression of 

SNAI1. The relationship between SNAI1 expression 

and TILs in different types of cancer was shown in 

Supplementary Figure 8. Specifically, SNAI1 expres-

sion was negative closely related with infiltrating levels 

of tumor purity and B cell in STAD, and positively 

closely related with macrophages in STAD. Moreover, 

SNAI1 expression was negative closely related with 

infiltrating levels of tumor purity and B cell in COAD, 

and positively closely related with CD4+T cells, 

macrophages, dendritic cells, and neutrophils in COAD. 

Finally, SNAI1 expression was negative closely related 

with infiltrating levels of B cell and CD8+ T cells in 

READ, and positively closely related with CD4+T cells 

and dendritic cells in READ (Figure 3A–3C). 

 

Next, to examine which TILs was related with 

gastrointestinal cancers, TISIDB database was used to 

infer the relations between abundance of 28 TILs and 

expression of SNAI1. The landscape of relationship 

between SNAI1 expression and TILs in different types 

of cancer was shown in Figure 4A. The relations 

between abundance of 28 TIL types and expression of 

SNAI1 in gastrointestinal cancers was significant 

correlated (Figure 4B–4R and Supplementary Figure 9). 

Next, we detected the associations between SNAI1 

expression and immune subtypes in gastrointestinal 

cancers, and we divided the cells into six immuno-

phenotypes (C1: wound healing, C2: IFN-gamma 

dominant, C3: inflammatory, C4: lymphocyte depleted, 

C5: immunologically quiet, C6: TGF-β dominant) [20]. 

Specifically, SNAI1 expression was correlated with 

immune subtypes (wound healing, IFN-gamma 

dominant, inflammatory, lymphocyte depleted, TGF-β 

dominant) in STAD and COAD, but not in READ 

(Figure 4S–4U). These results suggest that SNAI1 

expression was associated with tumor-infiltrating 

immune cells in gastrointestinal cancers. 

 

Validation SNAI1 in gastrointestinal cancers 

 

To further validate SNAI1 in gastrointestinal cancers, 

RT-qPCR was used to detect the SNAI1 mRNA 

expression in STAD, CRC, and paired adjacent normal 

tissue (PANT). Compared with the PANT group, the 

SNAI1 mRNA level was significantly higher in the CRC 

and GC group (Figure 6A, 6C). Next, we measured the 

SNAI1 protein level by immunohistochemistry and 

western blot, and the result showed compared with the 

PANT group, the SNAI1 level was significantly higher in 

the CRC and GC group (Figures 5A, 5B and 6A, 6C). 

Additionally, Kaplan–Meier and Cox’s proportional 

hazards regression model survival analysis revealed that 

patients with high expression levels of SNAI1 had shorter 

overall survival in CRC (HR = 1.71, 95% CI = 1.28 to 

2.94, P = 0.023) and GC (HR = 1.68, 95% CI = 1.23 to 

2.57, P = 0.022) (Figure 6B, 6D). Simultaneously, high 

expression of SNAI1 correlates with clinical relevance of 

CRC and GC (Table 2). To verify the relationship 

between SNAI1 and the diverse immune infiltrating cells, 

we focused on the correlations between SNAI1 and 
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Table 1. Correlation of SNAI1 mRNA expression and clinical prognosis in gastric cancer with different 
clinicopathological factors by Kaplan-Meier plotter (GSE62254, GSE14210, GSE15459, GSE22377, GSE29272, 
GSE51105). 

Clinicopathological 

characteristics 

Overall survival (n = 882) Progression-free survival (n = 646) 

N Hazard ratio P N Hazard ratio P 

SEX 

Female 244 2.24 (1.46–3.35) 1.0e-04 201 1.91 (1.25–2.91) 0.002 

Male 567 2.27 (1.81–2.83) 1.5e-13 438 2.43 (1.90–3.11) 2.7e-13 

STAGE 

1 69 3.63 (1.26–10.46) 0.011 60 2.88 (0.78–10.63) 0.023 

2 145 2.03 (1.10–3.74) 0.021 131 1.93 (1.05–3.55) 0.030 

3 319 1.98 (1.42–2.76) 3.6e-05 186 2.06 (1.38–3.07) 3.2e-05 

4 152 2.06 (1.40–3.03) 2.0e-04 141 2.30 (1.54–3.43) 2.9e-05 

STAGE T 

2 253 2.18 (1.42–3.34) 2.6e-05 239 1.93(1.27–2.92) 0.002 

3 208 2.06 (1.40–3.04) 1.7e-04 204 1.80 (1.23–2.63) 0.002 

4 39 2.40 (1.03–5.58) 0.036 39 5.66 (2.22–14.41) 5.5e-05 

STAGE N 

0 76 2.80 (1.17–6.70) 0.016 72 2.63 (1.11–6.24) 0.023 

1 232 2.45 (1.61–3.71) 1.3e-05 222 2.12 (1.44–3.14) 1.2e-05 

2 129 2.67 (1.66–4.31) 2.7e-05 125 2.44 (1.54–3.84) 7.9e-05 

3 76 2.76 (1.59–4.79) 1.8e-05 76 2.38 (1.38–4.10) 0.001 

1+2+3 437 2.15 (1.65–2.80) 7.9e-09 423 1.90 (1.47–2.45) 5.0e-07 

STAGE M 

0 459 2.09 (1.58–2.76) 1.5e-07 443 1.85 (1.41–2.41) 4.6e-06 

1 58 2.13 (1.11–4.08) 0.020 56 1.81 (0.97–3.36) 0.059 

LAUREN CLASSIFICATION 

Intestinal 336 2.78 (2.02–3.82) 5.0e-11 263 2.32 (1.61–3.34) 3.3e-06 

Diffuse 248 1.89 (1.34–2.65) 2.0e-04 231 2.33 (1.47–3.69) 2.0e-04 

DIFFERENTIATION 

Poor 166 1.25 (0.84–1.87) 0.277 121 1.60 (1.02–2.53) 0.041 

Moderate 67 1.94 (1.00–3.75) 0.046 67 2.27 (1.19–4.34) 0.011 

PERFORATION 

No 169 1.70 (1.13–2.58) 0.011 58 2.35 (1.20–4.62) 0.011 

TREATMENT 

Surgery alone 393 1.71 (1.28–2.28) 2.5e-05 375 1.51 (1.14–2.00) 0.004 

5 FU based adjuvant 158 1.66 (1.13–2.45) 0.009 153 1.68 (1.14–2.48) 0.008 

Other adjuvant 80 2.55 (1.02–6.40) 0.039 80 2.34 (1.01–5.43) 0.042 

HER2 STATUS 

Negative 641 1.98 (1.58–2.49) 2.0e-09 408 2.02 (1.54–2.65) 2.2e-07 

Positive 425 2.14 (1.57–2.91) 7.7e-07 233 2.36 (1.65–3.39) 1.4e-06 

 

immune marker sets of various immune cells in 

gastrointestinal cancers. We analyzed the correlations 

between SNAI1 expression and immune marker genes  

of different immune cells, included CD8+ T cell,  

T cell (general), B cell, monocyte, tumor-associated 

macrophage (TAM), M1 macrophage, M2 macrophage, 

neutrophils, natural killer cell, dendritic cell, T helper cell 

(Th) 1, Th2, follicular helper T cell (Tfh), Th17, 

regulatory T cell (Treg), and T cell exhaustion. It is only 

when SNAI1 is related to all the markers of an immune 

cell that we think that SNAI1 is related to immune cells. 

The results revealed the SNAI1 expression level was 
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significantly correlated with M2 macrophage in STAD, 

and was significantly correlated with monocyte, TAM, 

M2 macrophage, dendritic cell, Th1, and treg in CRC 

(Table 3). Correlation results between SNAI1 and 

TILsare similar to those in TCGA database (Figure 4B–

4R and Supplementary Figure 9). These findings suggest 

that SNAI1 may regulate M2 macrophage in gastro-

intestinal cancers. 

 

DISCUSSION 
 

Due to advances in treatment, the mortality rate of 

tumors has been declining in recent years, a large part 

of which is due to immunotherapy. Immunotherapy 

represented by anti-PD-1/PD-L1 monoclonal antibody 

drugs and CAR-T cell therapy has attracted much 

attention, and encouraging results have continued. Both 

of them are essentially the ability of human autoimmune 

system to recruit and activate human core immune 

guardian-T cells to identify and clear cancer cells 

through antigen-antibody response [18]. However, not 

every patient responds to this treatment, especially in 

gastrointestinal cancers [19]. Therefore, there is an 

urgent need to clarify and identify new immune-related 

therapeutic targets. High throughput technology has 

been widely employed to investigate gene expression in 

numerous tumors, providing a novel method to identify 

significant genes and explore on tumor progression and 

initiation. 

 

Here, we report that the expression and prognosis of six 

key EMT-related genes in cancer, and found high 

SNAI1 expression was closely related with poorer 

overall survival in gastrointestinal cancers, and was 

validated in GEO database. Simultaneously, high 

expression of SNAI1 correlates with clinical relevance 

of gastric cancer. Moreover, SNAI1 expression was 

associated with tumor-infiltrating immune cells in 

gastrointestinal cancers. In addition, RT-qPCR, immuno-

histochemistry, and western blot showed SNAI1 

expression was higher in gastrointestinal cancers 

compared to the normal tissues. Finally, high SNAI1 

expression was closely related with poorer overall 

survival and correlates with clinical relevance of 

gastrointestinal cancers in an independent validation 

cohort. 

 

 
 

Figure 3. Correlation of SNAI1 expression with immune infiltration level in COAD (colon adenocarcinoma), READ (rectum 
adenocarcinoma), and STAD (stomach adenocarcinoma). (A) SNAI1 expression is significantly negatively related to tumor purity  

and infiltrating levels of B cells and has significant positive correlations with infiltrating levels of macrophages in STAD, other than CD8+ T 
cells, CD4+ T cell, neutrophils, and dendritic cells. (B) SNAI1 expression is significantly negatively related to tumor purity and infiltrating 
levels of B cells and has significant positive correlations with infiltrating levels of CD4+ T cell, macrophages, neutrophils, and dendritic cells 
in COAD, other than CD8+ T cells. (C) SNAI1 expression has no significant correlations with tumor purity, macrophages, and neutrophils  
in READ. 
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E-cad is a Ca2+-dependent transmembrane glycoprotein 

closely related to intercellular adhesion [20]. Studies 

have found that the expression of E-cad is down-

regulated or even completely lost in the malignant 

progression of epithelial tumors, which leads to the 

weakening of adhesion between tumor cells and the 

transformation from benign and non-invasive to 

malignant and invasive phenotypes [21]. In the study of 

clinical samples of human gastric cancer, Rosivatz et al. 

found that the down-regulation of E-cad expression was 

closely related to the up-regulation of transcription 

factors Snail, Twist, and SIP1 [22], while Wang et al. 

also found high expression of transcription factors such 

as Snail, Twist and Slug in immortalized gastric 

epithelial cell line Ges-1 and human gastric cancer cell 

lines MGC-803, BGC-823 and SGC-7901, which were 

negative for E-cad expression [23]. These transcription 

factors can bind to the E-box element in the promoter 

 

 
 

Figure 4. Correlation of SNAI1 expression with immune cells in cancer. (A) The landscape of relationship between SNAI1 expression 

and TILs in different types of cancer (red is positive correlated and blue is negative correlated). (B–R) SNAI1 expression was positively closely 
related with infiltrating levels of CD56bright, CD56dim, macrophage, mast, MDSC, neutrophil, NK, NKT, pDC, tcm_CD4, tcm_CD8, Tfh, Tgd, 
Th1, Treg in stomach cancer, and was negatively correlated with infiltrating levels of act_CD4, Imm_B in stomach cancer. (S–U) Correlation of 
SNAI1 expression and immune subtypes (wound healing, IFN-gamma dominant, inflammatory, lymphocyte depleted, TGF-β dominant) in 
COAD (colon adenocarcinoma), READ (rectum adenocarcinoma), and STAD (stomach adenocarcinoma). 
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sequence of E-cad gene and inhibit the transcription of 

E-cad gene. In this study high SNAI1 expression was 

found in 8 types of cancer (Figure 1B). 

 

Snail, a zinc finger protein, was initially thought to 

affect EMT, mainly by inhibiting the expression of E-

cad, but it was later found that its mechanism of 

promoting EMT was also related to its down-regulation 

of epithelial cell characteristic markers (such as 

claudins, occludins and cytokeratins) and up-regulation 

of stromal cell characteristic markers (such as fibro-

nectin and vitrinectin) [24]. SNAI1 has a certain value 

in evaluating the disease progression and survival 

prognosis of patients with gastric cancer. Its expression 

level in gastric cancer is significantly correlated with 

tumor size, degree of differentiation, clinical stage, 

lymph node and distant metastasis, and the overall 

survival rate of gastric cancer patients with high 

expression of SNAI1 is significantly lower than that of 

patients with low expression of SNAI1 [25]. In cell 

experiment, it was also found that up-regulation and 

inhibition of SNAI1 expression could enhance and 

inhibit the migration and invasion ability of gastric 

cancer cells in vitro, respectively [26, 27]. In addition, 

studies have found that cyclooxygenase-2 COX-2) can 

regulate the expression of E-cad in gastric cancer by 

affecting nuclear factor κB and SNAI1 pathway, which 

is also one of the mechanisms of COX-2 regulating the 

invasion and metastasis of gastric cancer [28]. All these 

suggest that snail plays an important role in the invasion 

and metastasis of gastrointestinal cancers. 

 

EMT gives cells the ability to transfer and invade, 

including stem cell characteristics, reduces apoptosis 

and aging, and promotes immunosuppression [29]. NF-

κB up-regulates the transcription of SNAI1 gene by 

binding to the promoter region of EMT gene [30]. 

Related studies have shown that NF-κB can also prevent 

the apoptosis of epithelial cells with deteriorating 

tendency in inflammation-related tumors [31]. In 

addition, the synergistic effect of NF-κB and STAT3 

also promotes the generation and metastasis of 

inflammation-related tumors. STAT3 can not only 

activate NF-κB, but also induce EMT by regulating 

SNAI1 to inhibit the activity of E-cadherin promoter 

[32]. Simultaneously, it is believed that the occurrence 

 

 
 

Figure 5. The distribution of SNAI1 in cancer. (A, B) Representative IHC images of SNAI1 expression in normal stomach tissues, stomach 

cancer tissues(A), normal tissues, and colorectal cancer tissues (B). 
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of EMT in gastrointestinal cancer cells is the result of 

the interaction between the acting factors in the tumor 

microenvironment and gastrointestinal cancer cells. The 

acting factors transfer the extracellular signal into the 

cell by binding to the specific receptors on the cell 

surface, and activate the nuclear transcription factors  

of SNAI1 through intracellular TGF-β, Wnt, phosphati-

dylinositol 3-kinase/protein kinase B and other signal 

transduction pathways. Regulate the expression of 

downstream genes and the transformation of epithelial 

cells into stroma, and eventually mediate the 

transformation of normal epithelial cells into gastro-

intestinal cancer cells [33]. 

GI cancers microenvironment plays a critical role in 

controlling the cancer cell fate, treatment and prognosis. 

However, the role of EMT in reshaping tumor 

microenvironment (TME) is unclear. Tumor-associated 

macrophage is the main type of host immune cells in 

TME. They regulate tumor colonization and progression 

by regulating tumor invasion, local tumor immunity and 

angiogenesis. Hsieh et al. reported that EMT 

transcription factor Snail directly activates the 

transcription of miR-21, resulting in miR-21-rich tumor-

derived exosome. The exosomes containing miR-21 

were phagocytized by CD14+ human monocytes, thus 

inhibiting the expression of M1 markers and increasing 

 

 
 

Figure 6. Expressions of SNAI1 is positive correlated in CRC (colorectal cancer) and GC (gastric cancer). (A) SNAI1 mRNA and 

protein levels are shown for the CRC and paired adjacent normal tissue (PANT). (B) Kaplan–Meier analysis of overall survival based on SNAI1 
mRNA levels in 200 cases of CRC patients. (C) SNAI1 mRNA and protein levels are shown for the GC and paired adjacent normal tissue (PANT). 
(D) Kaplan–Meier analysis of overall survival based on SNAI1 mRNA levels in 240 cases of GC patients. 
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Table 2. Univariate and multivariate analyses of clinicopathological characteristics, SNAI1 with overall survival in 
independent validation cohort. 

Parameters 
Univariate analysisa Multivariate analysisb 

HR (95% Cl) P value HR (95% Cl) P value 

CRC (n=200)     

Gender(male vs. female) 1.024 (0.681–1.547) 0.925 NA NA 

Age (y, >60 vs ≤60) 1.192 (0.835–1.927) 0.346 NA NA 

TNM stage (III and IV vs. I and II) 2.101(1.218–3.709) 0.002 1.914(1.165–3.226) 0.009 

Pathologic M stage (M1 vs. M0) 3.127(1.852–4.467) 0.003 2.519(1.248–3.814) 0.024 

Vascular invasion (negative vs. 

positive) 
2.300(1.113–3.671) 0.014 1.562(0.779–3.530) 0.136 

SNAI1 (≥median vs. < median) 1.708 (1.276–2.937) 0.023 1.449 (1.091–2.279) 0.038 

GC (n=240)     

Gender(male vs. female) 1.447 (0.919–2.152) 0.453 NA NA 

Age (y, >60 vs ≤60) 1.237 (0.797–2.294) 0.674 NA NA 

TNM stage (III and IV vs. I and II) 1.669(1.192–2.547) <0.001 1.436(1.023–2.067) 0.007 

Pathologic M stage (M1 vs. M0) 1.514 (1.038–2.027) <0.001 1.336 (1.023–1.933) 0.012 

Vascular invasion (negative vs. 

positive) 
1.742 (1.228–2.368) <0.001 1.502 (1.043–2.388) 0.008 

SNAI1 (≥median vs. < median) 1.680 (1.234–2.574) 0.022 1.581 (1.126–2.256) 0.038 

aThe data were subjected to Cox’s proportional hazards regression model. Bold italics indicate statistically significant values  
(P < 0.05), 
bMultivariate analysis used stepwise addition and removal of clinical covariates found to be associated with survival in 
univariate models (P < 0.05) and final models include only those covariates that were significantly associated with survival 
(Wald statistic, P < 0.05). Bold italics indicate statistically significant values (P < 0.05). 
 

Table 3. Correlation analysis between SNAI1 expression and markers expression of immune cells. 

Immune cells Gene markers 
STAD CRC 

Cor P Cor P 

CD8+ T cell CD8A -0.084 0.091 0.171 * 

CD8B 0.163 *** 0.065 0.321 

T cell (general) CD3D -0.122 0.017 0.154 0.014 

CD3E -0.089 0.071 0.210 *** 

CD2 -0.089 0.074 0.221 *** 

B cell CD19 -0.072 0.152 0.111 0.060 

CD79A -0.094 0.059 0.148 0.025 

Monocyte CD86 0.124 0.018 0.500 *** 

CD115 (CSF1R) 0.192 *** 0.473 *** 

TAM CCL2 0.300 *** 0.573 *** 

CD68 0.132 0.038 0.451 *** 

IL10 -0.028 0.580 0.510 *** 

M1 Macrophage INOS (NOS2) -0.056 0.260 -0.141 0.019 

IRF5 0.052 0.300 0.170 * 

COX2(PTGS2) 0.200 *** 0.231 *** 

M2 Macrophage CD163 0.243 *** 0.423 *** 

VSIG4 0.222 *** 0.470 *** 

MS4A4A 0.141 *** 0.480 *** 

Neutrophils CD66b (CEACAM8) 0.140 *** 0.052 0.392 

CD11b (ITGAM) 0.089 0.071 0.481 *** 

CCR7 -0.024 0.632 0.200 *** 
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Natural killer cell KIR2DL1 -0.025 0.621 0.172 * 

KIR2DL3 -0.013 0.800 0.160 * 

KIR2DL4 -0.046 0.354 0.110 0.064 

KIR3DL1 -0.058 0.244 0.086 0.161 

KIR3DL2 -0.052 0.288 0.158 * 

KIR3DL3 0.002 0.971 0.053 0.382 

KIR2DS4 0.091 0.134 0.185 0.113 

Dendritic cell HLA-DPB1 -0.054 0.276 0.300 *** 

HLA-DQB1 -0.082 0.098 0.183 ** 

HLA-DRA -0.091 0.068 0.322 *** 

HLA-DPA1 -0.053 0.284 0.293 *** 

BDCA-1(CD1C) -0.018 0.722 0.211 *** 

BDCA-4(NRP1) 0.366 *** 0.561 *** 

CD11c (ITGAX) 0.143 * 0.454 *** 

Th1 T-bet (TBX21) -0.053 0.281 0.221 *** 

STAT4 -0.034 0.500 0.264 *** 

STAT1 0.029 0.562 0.264 *** 

IFN-γ (IFNG) -0.074 0.133 0.233 *** 

TNF-α (TNF) 0.243 *** 0.389 *** 

Th2 GATA3 0.017 0.742 0.367 *** 

STAT6 -0.045 0.364 -0.036 0.557 

STAT5A 0.074 0.133 0.242 *** 

IL13 0.098 0.049 0.240 *** 

Tfh BCL6 0.194 *** 0.499 *** 

IL21 -0.110 0.032 0.123 0.053 

Th17 STAT3 0.200 *** 0.261 *** 

IL17A 0.017 0.738 -0.153 0.015 

Treg FOXP3 0.058 0.244 0.364 *** 

CCR8 0.063 0.223 0.383 *** 

STAT5B 0.144 * 0.345 *** 

TGFβ (TGFB1) 0.444 *** 0.566 *** 

T cell exhaustion PD-1 (PDCD1) -0.003 0.959 0.205 *** 

LAG3 -0.066 0.183 0.072 0.232 

CTLA4 0.010 0.831 0.300 *** 

TIM-3 (HAVCR2) 0.087 0.081 0.474 *** 

GZMB -0.052 0.304 -0.02 0.757 

STAD: Stomach adenocarcinoma; CRC: Colorectal cancer; TAM: Tumor-associated macrophage; Th: T helper cell; Tfh: 
Follicular helper T cell; Treg: Regulatory T cell; Cor, R value of Spearman’s correlation; *P < 0.01; **P < 0.001; ***P < 0.0001. 
 

the expression of M2 markers [34]. Faget et al. reported 

that high expression of SNAI1 reduces T cell homing, 

changes angiogenesis, leads to hypoxia, and blocks anti-

PD1 immunotherapy. Therefore, SNAI1 accelerates the 

progression of the disease and increases the infiltration 

of neutrophils in the tumor to maintain the harmful 

tumor microenvironment [35]. At the same time, CD47 

is the direct target of SNAIL1. By using CD47 to block 

the genetic targeting of SNAI1, the phagocytosis of 

EMT-activated cells can be rescued [36]. Hence, the 

important aspect of our study is to emphasize the role of 

SNAI1 in immune cell infiltration and immune escape in 

GI cancers. Specifically, SNAI1 expression was negative 

closely related with infiltrating levels of tumor purity 

and B cell in STAD, and positively closely related with 

macrophages in STAD. Moreover, SNAI1 expression 

was negative closely related with infiltrating levels of 

tumor purity and B cell in COAD, and positively closely 

related with CD4+T cells, macrophages, dendritic cells, 

and neutrophils in COAD. Finally, SNAI1 expression 

was negative closely related with infiltrating levels of B 

cell and CD8+ T cells in READ, and positively closely 

related with CD4+T cells and dendritic cells in READ. 

Therefore, the cross-talk between SNAI1 and tumor 

microenvironment might be an important mechanism  

for the development and progression of GI cancers. 
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Nevertheless, more functional and mechanism 

experiments are needed for further verification. 

 

In summary, we applied integrated bioinformatics 

approaches to suggest that high SNAI1 was closely 

related with prognosis and immune infiltrating levels in 

gastrointestinal cancer. Therefore, SNAI1 can be used 

as a prognostic biomarker for determining prognosis 

and immune infiltration in gastrointestinal cancer, 

which might provide a novel direction to explore the 

pathogenesis of gastrointestinal cancer 

 

MATERIALS AND METHODS 
 

Data source and processing 

 

Using TIMER (Tumor Immune Estimation Resource, 

https://cistrome.shinyapps.io/timer/) site to analysis 

the expression of EMT markers in cancers, the  

mRNA profiling information is from TCGA (The 

Cancer Genome Atlas, https://cancergenome.nih.gov/) 

database [37]. We also Oncomine database 

(https://www.oncomine.org/resource/login.html) to 

analysis the expression of SNAI1 in cancers [38]. 

Bayes test was used to select EMT markers with a 

change >=2 fold and a P value cutoff of 0.05 was 

defined as statistically significant. 

 

Survival analysis 

 

GEPIA (Gene Expression Profiling Interactive 

Analysis, http://gepia.cancer-pku.cn/) site was used to 

analysis the prognosis of EMT markers in cancers  

by using the TCGA dataset [39]. A Cox P-value  

< 0.05 was defined as statistically significant. 

Moreover, we also used Kaplan-Meier plotter database 

(http://kmplot.com/analysis/index.php?p=service&canc

er=gastric) to validate the prognosis of SNAI1 in 

gastrointestinal cancers [40]. Kaplan-Meier plotter can 

assess the effect of 54,675 genes on survival using 

10,461 cancer samples. These samples include 5,143 

breast, 1,816 ovarian, 2,437 lung, and 1,065 gastric 

cancer samples on the HGU133 Plus 2.0 array with a 

mean follow-up of 69, 40, 49, and 33 months, 

respectively. The hazard ratio (HR) with 95% confidence 

intervals (CI) and log-rank p-value were estimated. 

 

Immune infiltration 

 

To revealed the immune infiltration of SNAI1 in 

gastrointestinal cancers, we used TISIDB (tumor-

immune system interactions and drugbank, 

http://cis.hku.hk/TISIDB/index.php) database to infer 

the relations between abundance of tumor-infiltrating 

lymphocytes (TILs) and expression of SNAI1. The 

immune-related signatures of 28 TIL types from 

Charoentong’s study, which can be viewed in the 

download page. The relative abundance of TILs was 

inferred by using genomic variation analysis based on 

gene expression profiles [41]. 

 

Patients 

 

A total of 440 gastrointestinal cancers patients (200 

CRC patients, 240 GC patients) from January 2009 to 

December 2018, were consecutively recruited in analyses, 

with clinical information. The clinicopathological 

characteristics were showed in Table 4. 

 

Immunohistochemistry 

 

200 colorectal cancer tissues, 240 gastric cancer tissues 

and corresponding adjacent tissues were collected to 

explore the expression of SNAI1 in the tissue samples 

by using immunohistochemical staining (IHC). IHC 

staining was performed according to the manufacturer’s 

instructions. Tissue samples were fixed in 10% formalin 

embedded in paraffin and cut into slices (4μm). The 

frozen tissue sections were dewaxed in xylene and 

rehydrated in descending grades of ethanol. Endo-

genous peroxidase activity was blocked by 0.3% H2O2. 

After heat-induced antigen retrieval, the sections were 

blocked with 10% rabbit serum for 10min. 

Subsequently, the sections were incubated with primary 

antibodies against SNAI1 (1:200) overnight at 4°C, and 

incubated with an anti-rabbit secondary antibody 

(1:2,000) for 30 min at 37°C. After that, the sections 

were visualized with DAB for 10 min at 37°C and 

counterstained with hematoxylin for 30 sec at 37°C, 

followed by dehydration with gradient ethanol and 

sealing with neutral gum. 

 

Quantitative reverse transcription polymerase chain 

reaction (qRT‑ PCR) assays 

 

Total RNA from cells or tissues was isolated using 

TRIzol (Invitrogen, Canada) reagent, the specific 

operation is carried out with reference to the 

instructions for the operation of the kit. RNA (1 μg) was 

converted into cDNA using the RevertAid First Strand 

cDNA Synthesis Kit (Takara, China). qRT-PCR was 

performed using SYBR Green Mixture (Takara, China) 

in the ABI StepOne-Plus System (ABI7500, USA). 

Target gene expression was normalized against 

GAPDH. The primer sequences are 5′-

CACCTCCAGACCCACTCAGAT-3′ (sense) and 5′-

CCTGAGTGGGGTGGGAGCTTCC-3′ (antisense) 

 

Western blot 

 

Using the kit to measure protein concentration. An 

equal amount of protein is added to the gel. The protein 

https://cistrome.shinyapps.io/timer/
https://cancergenome.nih.gov/
https://www.oncomine.org/resource/login.html
http://gepia.cancer-pku.cn/
http://kmplot.com/analysis/index.php?p=service&cancer=gastric
http://kmplot.com/analysis/index.php?p=service&cancer=gastric
http://cis.hku.hk/TISIDB/index.php
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Table 4. Clinicopathologic parameters of patients with CRC and GC in validation cohort. 

Clinicopathologic CRC (n=200) GC (n=240) 

Gender   

Male 122 169 

Female 78 71 

Age   

60 years or younger 62 125 

Older than 60 years 138 115 

TNM stage   

I 29 28 

II 83 77 

III 65 103 

IV 23 37 

Pathologic M stage   

M0 167 203 

M1 23 32 

Lymphovascular invasion   

Negative 163 194 

Positive 37 46 

 

was resolved on SDS-PAGE under denatured reducing 

conditions and transferred to nitrocellulose membranes. 

The membranes were blocked with 5% non-fat dried 

milk at room temperature for 30 min and incubated with 

primary antibodies. The membranes were washed and 

incubated with horseradish peroxidase-conjugated 

secondary antibody. Scanning with the Odyssey two-

color infrared fluorescence imaging system. 
 

Statistical analyses 
 

The expression of EMT-related genes in cancer was 

using TIMER and Oncomine database. The survival 

curve was generated by GEPIA, PrognoScan, and 

Kaplan Meier diagrams. One-Way ANOVA was used to 

compare the expression level of SNAI1 in tumor and 

normal tissues. To control FDR, the p-value was set to 

less than 0.05. If any independent value is lost, the 

whole sample is excluded from statistical analysis. 

Above all, statistical analysis was performed in R 

version 3.5. p-values < 0.05 were considered 

statistically significant. 
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Supplementary Figure 1. The five EMT markers expression levels in different types of human cancers in TCGA dataset. 
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Supplementary Figure 2. Kaplan-Meier survival curves comparing the high and low expression of CDH1 in different types of 
human cancers in TCGA dataset. 
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Supplementary Figure 3. Kaplan-Meier survival curves comparing the high and low expression of CDH2 in different types of 
human cancers in TCGA dataset. 



 

www.aging-us.com 17191 AGING 

 



 

www.aging-us.com 17192 AGING 

 



 

www.aging-us.com 17193 AGING 

 
 

Supplementary Figure 4. Kaplan-Meier survival curves comparing the high and low expression of SNAI1 in different types of 
human cancers in TCGA dataset. 
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Supplementary Figure 5. Kaplan-Meier survival curves comparing the high and low expression of SNAI2 in different types of 
human cancers in TCGA dataset. 
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Supplementary Figure 6. Kaplan-Meier survival curves comparing the high and low expression of TWIST1 in different types 
of human cancers in TCGA dataset. 
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Supplementary Figure 7. Kaplan-Meier survival curves comparing the high and low expression of VIM in different types of 
human cancers in TCGA dataset. 
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Supplementary Figure 8. Correlation of SNAI1 expression with tumor-infiltrating lymphocytes in different types of human 
cancers in TCGA dataset. 
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Supplementary Figure 9. Correlation of SNAI1 expression with 28 TILs in different types of human cancers in TCGA dataset. 


