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ABSTRACT

Epitheliakmesenchymal transition (EMT}related genes play an important role in immunosuppressior
However, the correlations of EMTrelated genesto prognosisand tumor-infiltrating lymphocytesin different
cancersremain unclear. TCGAGEOdatabaseswere usedto analyzethe expression,prognosis,and immune
infiltration of EMTmarkersin cancer.RFqPCRimmunohistochemistry,and western blot were usedto analysis
the expressionand prognosisof SNAILin gastrointestinal cancers.High SNAIlexpressionwas closelyrelated
with poorer overall survival in gastrointestinal cancersin TCGAcohort. High SNAIlexpressionwas closely
related with poorer overall survival in gastrointestinal cancers, and was validated in GEO database
Simultaneously high expressionof SNAIl1correlateswith clinical relevanceof gastriccancer.Moreover, SNAI:
expressionwas associatedwith tumor-infiltrating immune cells in gastrointestinal cancers.In addition, RT
gPCR,immunohistochemistry, and western blot showed SNAI1 expression was higher in gastrointestina
cancerscomparedto the normal tissues.Finally,high SNAlIlexpressionwas closelyrelated with poorer overall
survivaland correlateswith clinicalrelevanceof gastrointestinalcancersn anindependentvalidation cohort. In
summary,the resultsapproacheso suggestthat SNAIlcanbe usedasa prognosticbhiomarker for determining
prognosisand immuneinfiltration in gastrointestinalcancers.

INTRODUCTION t umor cell s by activating
immune system to recognize tumor cells as tafge®).
However, only 10% to 20% of the population can benefit

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

Invasion and metastasis are the important characteristics
of gastrointestinal (GI) cancers, and leads to a

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

chemotherapy are the predominant treatments for Gl

[3, 4]. Although comprehensive éatment may cure
some patients with earlstage GIl, most patients are
diagnosed with advanced stadg]. With the rapid
development of medical immunology and molecular

biology techniques, immunotherapy as a new treatment

method has received extensive ditamin the field of
cancer therap}6]. Immunotherapyinvolves destroying

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 tresitn

Epitheliakmesenchymal transition (EMT) is a multistage
process in which epithelial cells develop into
mesenchymdlike cells with a large number of distinct

genetic and epigenetic alteratiqid]. EMT also occurs
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in cancer, which endows invasive, metastatic, and RT-gPCR, immunohistochemistry, and western blot to
immunosuppressive properties upon cancer cells that detect the expression of SNAIL in gastrointestinal

favor successful colonization of distal target orgd23. cancers and paired adjacent normal tissue, and SNAI1
The process of EMT is regulated by a variety of was validated as a mar in an independent
cytokines and transcription factors, among chhithe gastrointestinal cancers validation sample cohort.

changes of migration and invasion are the most

important characteristics of EMT, and the changes of RESULTS

EMT-related genes expression are the key to the

formation of EMT [13]. These findings suggest the The six EMT-related genes expression in human
EMT-related genes play an important role in cancer cancers

progression, invasion, and metastasis.

To analysis the expression of EM@&lated genes in

This study focused on six key EMElated genes human cancers, the Oncomine database veasl Wo
(CDH1 encoding Ecadherin, CDH2 encoding -N analysis the EMTrelated genes mRNA levels in human
cadherin, EMTinduced transcription factor: SNAI1, cancers. Specifically, as shown in Figure 1A, the SNAI1
SNAI2, TWIST1, and VIM)[14]. Firstly, we detected expression was higher in colorectal cancer, esophageal
the expression of EMTelated genes in human cancers.  cancer, gastric cancer, and kidney cancer. To further
Secondly, we comprehensively analyze ElTated analysis EMT markers in humannzrs, we compare

genes correlation with prognosis of cancer and was the expression level of EMielated genes in TCGA
validated in GEO database. Moreover, we detected the dataset (Supplementary Figureilk). Specifically, as
relationship of SNAI1 andumorinfiltrating immune shown in Figure 1B, compared with normal tissues, the
cells in gastrointestinal cancers. Finally, we used SNAI1 expression was significantly higher in bladder
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Figure 1. The six EMTMarkers expression levels in different types of human cancé&sincreased or decreased six EMT markers

in datasets of different cancers compared with normal tissues in the Oncomine dataBaS&IAIL expression levels in different tumor types

from TC@ database were determined by TIMER (*P < 0.05, **P <0.01, ***P < 0.@QHE).Correlation of SNAI1 expression and immune
subtypes (wound healing, IFddmma dominant, inflammatory, lymphocyte depleted, JGF R2 YA Y yG0 Ay [/ h! 5 602f 2
READOrectum 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 rehelear cell carcinoma
(KIRC), rectum adenocarcinoma (READ), stomach
adenocarcinoma (STAD). However, SNAI1 expression
was significantly lower in kidney renal papillary cell
carcinoma (KIRP), liver hepatocellulacarcinoma
(LIHC), lung adenocarcinoma (LUADJung squamous
cell carcinoma (LUSC), Prostateadenocarcinoma
(PRAD), thyroid carcinoma (THCA), corpus Enrdo
metrial Carcinoma (UCEC).

Survival analysis of six EMT-related genes in cancers
Next, to inspect whether six EMElated 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 Figureg).2
Notably, high SNAI1 expression levelsaw closely
related with poorer prognosis of overall survival (OS) in
STAD (p=0.002), COAD =0.013), ESCA 1§=0.031),
KIRP (p=0.045), LGG §<0.001), LUAD (©=0.026),
LUSC (p<0.001), MESO [§=0.007), OV p=0.048), and
THYM (p=0.001) (Figure 2A, 2B and Supplentary
Figure 4). Simultaneously, high SNAI1 expression levels
was moderate closely related with poorer prognosis of
OS in READ (=0.093) (Figure 2C). Therefore, we focus
on SNAIL1 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 significtlp related with subtype of
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Figure 2. KaplaMeier survival curves comparing the high and low expression of SNAIL in gastrointestinal cancers in the TCGA
dataset and GEO datasgi®cO Survival curves of overall survival in COAD (cati@mocarcinoma), READ (rectum adenocarcinoma), and
STAD (stomach adenocarcinoma) in TCGA coh@¢§) Survival curves of OS, FP, and PFS in six STAD cohorts (GSE29013, GSE31210,
GSE31908, GSE43580, GSE50081, GSE@8RBu(fvival curves of OS and S88/0 CRC cohorts (GSE17536, GSE39582).
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STAD (p=0.008) and COAD =0.008), and moderate
closely related with READpEO0.096) (Figure 1CL1E).

To validate the prognostic potential of SNAI1 in STAD,
we used KaplaiMeier plotter databasto validate the
prognostic potential of SNAI1 in STAD. Interestingly, a
cohorts including GSE62254, GSE14210, GSE15459,
GSE22377, GSE29272, and GSE51105 indicated that
high SNAIL1 expression was closely related with poorer
prognosis in STAD (OS HR = 2.095% 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% Cl = 1.97 to 3.08,
P<0.001) (Figure 2D2F). Moreover, two cohorts
including GSE17536, GSE39582 indicated that high
SNAI1 expression was closely related with po
prognosis in CRC (OS HR = 1.50, 95% CI =1.03 to
2.18,P=0.035) (Figure 2@&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 Tablel, high SNAI1 expression was closely
related with poorer prognosis in female (OS HR = 2.24,
P<0.001; PFS HR =1.9F = 0.002) and male (OS HR
= 2.27,P <0.001; PFS HR =2.43<0.001). Moreover,
high SNAI1 expression was closely related witdoger
OS and PFS in stage 1 (OS HR = 3.B30.011; PFS
HR =2.88,P = 0.023), stage 2 (OS HR = 2.0%;0.021;
PFS HR =1.93P = 0.030), stage 3 (OS HR = 1.98,
P<0.001; PFS HR =2.0&? <0.001), and stage 4 (OS
HR = 2.06,P<0.001; PFS HR =2.30P <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 = 1.89P<0.001; PFS HR =2.33 <0.001),
moderate differentiation (OS HR = 1.9270.046; PFS
HR =227, P =0.011), negative (OS HR = 1.98,
P<0.001; PFS HR =2.0R <0.001) and positive (OS
HR = 2.14,P<0.001; PFS HR =2.3® <0.001) HER2
status (Tablel). 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 predictior cancerg16, 17].
Therefore, TIMER database was used to infer the
relations between abundance of TILs and expression of
SNAIL. The relationship between SNAI1 expression
and TILs in different types of cancer was shown in
Supplementary Figure &pecifically, SNAI1 expres
sion was negative closely related with infiltratiteyels

of tumor purity and B cell in STAD, and positively
closely related with macrophages in STAloreover,
SNAILl expression was negative closely related with
infiltrating levels of tumor purity and B teén 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 closelyetated with CD4+T cells
and dendritic cells in READ (Figuréd33C).

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 SNAIL. The landscapé relationship
between SNAIL1 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 4B1R and Supplenmgary 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 (C1l: wound healing, C2: Hgdmma
dominant, C3: inflammatory, C4: lymphocytepleted,

C5: immunologically quiet, C6: TGB d o mi[28lant )
Specifically, SNAI1 expression was correlated with
immune subtypes (wound healing, Hgdmma
dominant, inflammatory, lymphocyte depleted, TBF
dominant) in STAD and COAD, but not in READ
(Figure 434U). These results suggest that SNAI1
expression was associated with tusrdiltrating
immune cells in gastrointestinal cancers.

Validation SNAI1 in gastrointestinal cancers

To further validate SNAI1 in gastrointestinal cars,
RT-gPCR was used to detect the SNAIL mRNA
expression in STAD, CRC, and paired adjacent normal
tissue (PANT). Compared with the PANT group, the
SNAIL 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, KaplaiMe i e r and Cox0s
hazards regression model survival analysis revealed that
patients with higlexpression 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).ifultaneously, high
expression of SNAIL correlates with clinical relevance of
CRC and GC (Table2). To verify the relationship
between SNAI1 and the diverse immune infiltrating cells,
we focused on the correlations betweSNAI1 and
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Table 1. Correlation of SNAI1 mRNA expression and clinical prognosis in gastric cancer with different
clinicopathological factors by Kaplakleier plotter (GSE62254, GSE14210, GSE15459, GSE22377, GSE29272,
GSES51105).

Clinicopathological Overall survival (n = 882 Progressionfree survival (n = 646)
characteristics N Hazard ratio P N Hazard ratio P
SEX

Female 244 2.24 (1.463.35) 1.0e04 201 1.91 (1.252.91) 0.002

Male 567 2.27 (1.812.83) 1.5e13 438 2.43 (1.903.11) 2.7el13
STAGE

1 69 3.63 (1.2610.46) 0.011 60 2.88(0.7810.63) 0.023

2 145 2.03 (1.103.74) 0.021 131 1.93 (1.053.55) 0.030

3 319 1.98 (1.422.76) 3.6e05 186 2.06 (1.383.07) 3.2e05

4 152 2.06 (1.403.03) 2.0e04 141 2.30 (1.543.43) 2.9e05
STAGE T

2 253 2.18 (1.423.34) 2.6e05 239 1.93(1.272.92) 0.002

3 208 2.06 (1.403.04) 1.7e04 204 1.80 (1.232.63) 0.002

4 39 2.40 (1.035.58) 0.036 39 5.66 (2.2214.41) 5.5e05
STAGE N

0 76 2.80 (1.176.70) 0.016 72 2.63 (1.116.24) 0.023

1 232 2.45 (1.613.71) 1.3e05 222 2.12 (1.443.14) 1.2e05

2 129 2.67 (1.664.31) 2.7e05 125 2.44 (1.543.84) 7.9e05

3 76 2.76 (1.594.79) 1.8e05 76 2.38 (1.384.10) 0.001

1+2+3 437 2.15 (1.652.80) 7.9e09 423 1.90 (1.472.45) 5.0e07
STAGE M

0 459 2.09 (1.582.76) 1.5e07 443 1.85(1.412.41) 4.6e06

1 58 2.13(1.114.08) 0.020 56 1.81 (0.973.36) 0.059
LAUREN CLASSIFICATION

Intestinal 336 2.78 (2.023.82) 5.0ell 263 2.32(1.613.34) 3.3e06

Diffuse 248 1.89 (1.342.65) 2.0e04 231 2.33(1.473.69) 2.0e04
DIFFERENTIATION

Poor 166 1.25(0.84i1.87) 0.277 121 1.60 (1.022.53) 0.041

Moderate 67 1.94 (1.003.75) 0.046 67 2.27 (1.194.34) 0.011
PERFORATION

No 169 1.70 (1.132.58) 0.011 58 2.35(1.204.62) 0.011
TREATMENT

Surgery alone 393 1.71 (1.282.28) 2.5e05 375 1.51 (1.142.00) 0.004

5 FU based adjuvant 158 1.66 (1.132.45) 0.009 153 1.68 (1.142.48) 0.008

Other adjuvant 80 2.55 (1.026.40) 0.039 80 2.34 (1.015.43) 0.042
HER2 STATUS

Negative 641 1.98 (1.582.49) 2.0e09 408 2.02 (1.542.65) 2.2e07

Positive 425 2.14(1.5712.91) 7.7e07 233 2.36 (1.653.39) 1.4e06

immune marker sets of various immune cells in neutrophils, natural killer cell, dendritic cell, T helper cell
gastrointestinal cancers. We analyzed the correlations (Th) 1, Th2, follicular helper T cell (%), Th1l7,
between SNAIL1 expression and immune marker genes regulatory T cell (Treg), and T cell exhaustion. It is only

of different immune cells, included CD8+ T cell, when SNAI1 is related to all the markers of an immune
T cell (general), B cell, monocyte, turmassociated cell that we think that SNAIL is related to immune cells.
macrophage (TAM), M1 macrophggM2 macrophage, The results revealed the SNAI1 expression level was
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significantly correlagdd with M2 macrophage in STAD,
and was significantly correlated with monocyte, TAM,
M2 macrophage, dendritic cell, Thl, and treg in CRC
(Table 3). Correlation results between SNAI1 and
TILsare similar to those in TCGA database (Figuré 4B
4R and SupplementaFigure 9). These findings suggest
that SNAIL 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 immunothgug. Immunotherapy
represented by arBD-1/PD-L1 monoclonal antibody
drugs and CART 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 actte human core immune
guardianT cells to identify and clear cancer cells
through antigerantibody responsgl8]. However, not
every patient responds to this treatment, especially in
gastrointestinal cancergl9]. Therefore, there is an

urgent need to cldy and identify new immuneelated
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 SNAIL correlates with clinical relevance
of gastric cancer. Moreover, SNAI1 expression was
associated with tumaenfiltrating immune cells in
gastrointestinal cancers. In addition,-BFCR, immune
histochemistry, and western blot showed SNAIL1
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 cames in an independent validation
cohort.
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E-cad is a C&-dependent transmembrane glycoprotein
closely related to interdelar adhesion[20]. Studies
have found that the expression ofc&d 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 benig and norinvasive to
malignant and invasive phenotyd@4]. In the study of
clinical samples of human gastric cancer, Rosivatz et al.
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found that the dowanegulation of Ecad expression was
closely related to the wpmegulation of transcription
factors Sni, Twist, and SIP122], while Wang et al.
also found high expression of transcription factors such
Twist and Slug in immortalized gastric
epithelial cell line Ged4 and human gastric cancer cell
lines MGG803, BGG823 and SG&901, which were
negative for Ecad expressiof23]. These transcription
factors can bind to the-Box element in the promoter
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Figure 4. Correlation of SNAI1 expression with immune cells in carigeThe landscape of relationship between SNAI1 expression
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COAD (colon adenocarcinoma), READ (rectum adenocarcinoma), and STAD (stomach adenocarcinoma).

R2YAYIl yio

www.agingus.com

17173

AGING



sequence of £ad gene and inhibit the transcription of
E-cad gene. In this study high SNAI1 expression was
found in 8 typesof 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 dowegulation

of epithelial cell characteristic markers (such as
claudins,occludins and cytokeratins) and-tggulation

of stromal cell characteristic markers (such as fibro
nectin and vitrinectin[24]. SNAI1 has a certain value

in evaluating the disease progression and igalrv
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 cancepatients with high
expression of SNAIL is significantly lower than that of
patients with low expression of SNAIR5]. In cell
experiment, it was also found that-rggulation and
inhibition of SNAI1 expression could enhance and
inhibit the migration andinvasion ability of gastric

A Normal

cancer cells in vitro, respective]g6, 27]. In addition,
studies have found that cyclooxygen2s€0X-2) can
regulate the expression ofdad in gastric cancer by
affecting nuclear factor
is also me of the mechanisms of C@Xregulating the
invasion and metastasis of gastric carjééf. All these
suggest that snail plays an important role in the invasion
and metastasis of gastrointestinal cancers.

oB

EMT gives cells the abty to transfer and invade,
including stem cell characteristics, reduces apoptosis
and aging, and promotes immunosuppresgi®h NF

8 B -nequlates the transcription of SNAI1 gene by
binding to the promoter region of EMT gen&0].

Related studies have@wnthatNFe B can al so p
the apoptosis of epithelial cells with deteriorating
tendency in inflammationelated tumors[31]. In

addition, the synergistic effect of \NWNB  and STAT
also promotes the generation and metastasis of
inflammationrelated timors. STAT3 can nhot only
activate NFs B, but also induce E
SNAI1 to inhibit the activity of Ecadherin promoter

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

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

cancer tissues(A), normal tissues, and colorectal cancer tisBles (
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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 spedif receptors on the cell
surface, and activate the nuclear transcription factors
of SNAI1 through intracellular TGB, Wn't ,
dylinositol 3kinase/protein kinase B and other signal
transduction pathways. Regulate the expression of
downstream genesand the transformation of epithelial
cells into stroma, and eventually mediate the
transformation of normal epithelial cells into gastro
intestinal cancer cell83].

a 81 one—way ANOVA p <0.001
(@)}
o PANT CRC
S - —
? 6 - - ~—
Q
Qo
x
(0
T 41
<
Z
w
g
52
()
o
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8 " — e G
) - - - -
(]
®
Q.
)
= 4+
<
Z
[72]
2
S 21
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Gl 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. Tumassociated
macrophage is the main type of host immune cells in
TME. They regulate tumor colonization and progression
by pehukating tumor invasion, local tumor immunity and
angiogenesis. Hsieh et al. reported that EMT
transcription factor Snail directly activates the
transcription of miR21, resulting in miR21-rich tumor
derived exosome. The exosomes containing -21iR
were plagocytized by CD14+ human monocytes, thus
inhibiting the expression of M1 markers and increasing

B
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Figure 6. Expressions of SNAI1 is positive correlated in CRC (colorectal cancer) and GC (gastriqA)asigarl. mRNA and
protein levels are shown fahe CRC angaired adjacent normal tissU@®ANT).B) KaplaigMeier analysis of overall survival based on SNAI1
mMRNA levels in 200 cases of CRC patigDtSNAI1L mRNA and protein levels are shown for the G@aretl adjacent normal tisSU®ANT).

(D) KaplargMeier analysis of overall survival based on SNAIL mRNA levels in 240 cases of GC patients.

www.agingus.com

17175

AGING



Table 2. Univariate and multivariate analyses of clinicopathological characteristics, SNAI1 with overall survival in
independent validation cohort.

Parameters Univariate analysist Multivariate analysis®

HR (95% CI) P value HR (95% CI) P value
CRC (n=200)
Gender(male vs. female) 1.024 (0.6811.547) 0.925 NA NA
Age (y, >60 vs C 1.192(0.8351.927) 0.346 NA NA
TNM stage (Ill and IV vs. | and 1) 2.101(1.2183.709) 0.002 1.914(1.1653.226) 0.009
Pathologic M stage (M1 vs. MO) 3.127(1.8524.467) 0.003 2.519(1.2483.814) 0.024
;’g:i‘t:i‘\’/'ea)r invasion (negative vs. 2.300(1.1183.671) 0.014 1.562(0.7793.530) 0.136
SNAI'1 (Omedian v 1.708 (1.2762.937) 0.023 1.449 (1.0912.279) 0.038
GC (n=240)
Gender(male vs. female) 1.447 (0.9192.152) 0.453 NA NA
Age (v, >60 vs C 1.237 (0.79v2.294) 0.674 NA NA
TNM stage (lll and IV vs. 1 and II) 1.669(1.1922.547) <0.001 1.436(1.0282.067) 0.007
Pathologic M stage (M1 vs. MO) 1.514 (1.0382.027) <0.001 1.336 (1.0281.933) 0.012
Xg;‘t’i‘\‘/gr invasion (negative vs. 1.742 (1.2282.368) <0.001 1.502 (1.0482.388) 0.008
SNAI'1 (Omedian v 1.680 (1.2342.574) 0.022 1.581 (1.1262.256) 0.038
a4 KS RIFEGF ¢SNB 4dzo2SOGSR G2 /2EQ& LINBLRNIA2YlFf KITISNRa NB
(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 < 05). Bold italics indicate statistically significant values (P <.0.05)

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

| I G K STAD CRC
mmune cells ene markers Cor P Cor
CD8+ T cell CDB8A -0.084 0.091 0.171 *
CD8B 0.163 el 0.065 0.321
T cell (general) CD3D -0.122 0.017 0.154 0.014
CD3E -0.089 0.071 0.210 ok
CDh2 -0.089 0.074 0.221 ok
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 *rx
CD115(CSF1R) 0.192 i 0.473 i
TAM CCL2 0.300 el 0.573 el
CD68 0.132 0.038 0.451 ok
IL10 -0.028 0.580 0.510 ok
M1 Macrophage INOS (NOS2) -0.056 0.260 -0.141 0.019
IRF5 0.052 0.300 0.170 *
COX2(PTGS2) 0.200 ok 0.231 ok
M2 Macrophage CD163 0.243 rrx 0.423 *rx
VSIG4 0.222 ok 0.470 ok
MS4A4A 0.141 ok 0.480 ok
Neutrophils CD66b (CEACAMS) 0.140 ok 0.052 0.392
CD11b (ITGAM) 0.089 0.071 0.481 ok
CCRY -0.024 0.632 0.200 ok
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Natural killer cell KIR2DL1 -0.025
KIR2DL3 -0.013

KIR2DL4 -0.046

KIR3DL1 -0.058

KIR3DL2 -0.052

KIR3DL3 0.002

KIR2DS4 0.091

Dendritic cell HLA-DPB1 -0.054
HLA-DQB1 -0.082

HLA-DRA -0.091

HLA-DPA1 -0.053

BDCA-1(CD1C) -0.018

BDCA-4(NRP1) 0.366

CD11c (ITGAX) 0.143

Thi T-bet (TBX21) -0.053
STAT4 -0.034

STAT1 0.029

IFN-o (I FNG -0.074

TNF-U ( TNF) 0.243

Th2 GATA3 0.017
STAT6 -0.045

STAT5A 0.074

IL13 0.098

Tth BCL6 0.194
IL21 -0.110

Th1l7 STAT3 0.200
IL17A 0.017

Treg FOXP3 0.058
CCRS8 0.063

STAT5B 0.144

TGFb (TGF 0.444

T cell exhaustion PD-1 (PDCD1) -0.003
LAG3 -0.066

CTLA4 0.010

TIM-3 (HAVCR2) 0.087

GZMB -0.052

0.621 0.172 *
0.800 0.160 *
0.354 0.110 0.064
0.244 0.086 0.161
0.288 0.158 *
0.971 0.053 0.382
0.134 0.185 0.113
0.276 0.300 rx
0.098 0.183 o
0.068 0.322 ok
0.284 0.293 rx
0.722 0.211 b
*k% 0561 *k%

* 0.454 ok
0.281 0.221 rx
0.500 0.264 ok
0.562 0.264 b
0.133 0.233 ok

*kk 0.389 *k%k
0.742 0.367 b
0.364 -0.036 0.557
0.133 0.242 ok
0.049 0.240 rx

*kk 0499 *k*k
0.032 0.123 0.053

*kk 0. 261 *k%k
0.738 -0.153 0.015
0.244 0.364 b
0.223 0.383 ek

* 0.345 ok

*kk 0566 *k%k
0.959 0.205 ok
0.183 0.072 0.232
0.831 0.300 ok
0.081 0.474 *rx
0.304 -0.02 0.757

STAD: Stomach adenocarcinoma; CRC: Colorectal cancer; TAM:absowated macrophage; Th: T helper cell; Tth:

Follicular helper DSt £ T

the expression of M2 marke}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 bthe disease and increases the infiltration
of neutrophils in the tumor to maintain the harmful
tumor microenvironmenft35]. At the same time, CD47

is the direct target of SNAIL1. By using CD47 to block
the genetic targeting of SNAIL, the phagocytosis of
EMT-activated cells can be rescug8bl. Hence, the
important aspect of our study is to emphasize the role of
SNAIL in immune cell infiltration and immune escape in
Gl cancers. Specifically, SNAI1 expression was negative

¢NBIY wS3IdzA | G2NE ¢

OStftT /2NE w @FfdsSS 27

closely related with infiltratingevels of tumor purity

and B cell in STAD, and positively closely related with
macrophages in STAD. Moreover, SNAI1l expression
was negative closely related with infiltrating levels of
tumor purity and B cell in COAD, and positively closely
related with CD4¥ 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 crogslk between SNAI1 and tumor

microenvironment might be an important mechanism

for the development and progression of Gl 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 prodgsos
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/timgr/site to analysis
the expression of EMT markers in cancers, the
MRNA profiling information is from TCGA (The
Cancer Genome Atlasittps://cancergenome.nih.gyv/
database [37]. We also Oncomine database
(https://www.oncomine.org/resource/login.hjml  to
analysis the expression of 8M in cancers[3g].
Bayes test was used to select EMT markers with a
change >=2 fold and & value cutoff of 0.05 was
defined as statistically significant.

Survival analysis

GEPIA (Gene Expression Profiling Interactive
Analysis, http://gepia.cancepku.cnj site was used to
analysis the prognosis of EMT markers in cancers
by using the TCGA datasdt39]. A Cox P-value

< 0.05 was defined as statistically significant.
Moreover, we also used Kaplhteier plotterdatabase
(http://kmplot.com/analysis/index.php?p=service&canc
er=gastri¢ to validate the prognosis of SNAIL1 in
gastrointestinal cancefdQ]. KaplarnMeier 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 followup of 69, 40, 49, and 33 months,
respectively. The hazard ratio (HR) with 95% confidence
intervals (CI) and logank pvalue were estimated.

Immune infiltration

To revealed the immune infiltration of SNAIL 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 twmnfittrating

lymphocytes (TILs) and expression of SNAI1. The
immunerelated signatures of 28 TIL types from

Charoentongos study,
download page. The relative abundance of TILs was
inferred by using genomic variation analysis based on
gene expression profil¢41].

Patients

A total of 440 gastrointestihacancers patients (200
CRC patients, 240 GC patients) from January 2009 to
December 2018, were consecutivedgruitedin analyses,
with clinical information. The clinicopathological
characteristics were showed in Table

Immunohistochemistry

200 coloectal cancer tissues, 240 gastric cancer tissues
and corresponding adjacent tissues were collected to
explore the expression of SNAIL in the tissue samples
by using immunohistochemical staining (IHC). IHC
staining was performed according to the manufactures
instructions. Tissue samples were fixed in 10% formalin
embedded in paraffin and
frozen tissue sections were dewaxed in xylene and
rehydrated in descending grades of ethanol. Endo
genous peroxidase activity was blocked by .8,0,.
After heatinduced antigen retrieval, the sections were
blocked with 10% rabbit serum for 210min.
Subsequentlythe sections were incubated with primary
antibodies against SNAI1 (1:200) overnight at 4°C, and
incubated with an antabbit secondary rdibody
(1:2,000) for 30 min at 37°C. After thahe 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 (QRTAPCR) 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 kitt RN ( 1 € g)
converted into cDNA using the RevertAid First Strand
cDNA Synthesis Kit (Takara, China). gFACR was
performed using SYBR Green Mixture (Takara, China)
in the ABI StepOnéPlus System (ABI7500, USA).
Target gene expression was normalized agains
GAPDH. The pri mer
CACCTCCAGACCCACTCAGAT3 Nj
CCTGAGTGGGGTGGGAGCTTCE Nj

(sense)

Western blot

Using the kit to measure protein concentration. An
equal amount of protein is added to the gel. The protein
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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

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

Il 83 77

Il 65 103

v 23 37
Pathologic M stage

MO 167 203

M1 23 32
Lymphovascular invasion

Negative 163 194

Positive 37 46

was resolved on SBBAGE under denatured reducing FUNDING

conditions and transferred to nitrocellulose membranes.

The membranes were blocked with 5% +ian dried This work was received no funding

milk at room temperature for 30 min and incubated with

primary antibodies. le membranes were washed and REFERENCES

incubated with horseradish peroxidasmjugated

secondary antibody. Scanning with the Odyssey-two 1.

color infrared fluorescence imaging system.
Statistical analyses
The expression of EMTelated genes in cancer was

using TIMER and Oncomine database. The survival
curve was generated by GEPIA, PrognoScan, and

KaplanMeier diagrams. On#Vay ANOVA was used to 3.

compare the expression level of SNAI1 in tumor and
normal tissues. To control FDR, tipevalue was set to
less than 0.05. Ifany independent value is lost, the
whole sample is excluded from statistical analysis.
Above all, statistical analysis was performed in R
version 3.5. pvalues < 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. Kaplavieier 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. Kaplavieier survival curves comparing the high and low expressa@CDH?2 in different types of
human cancers in TCGA dataset.
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