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to 2015. Kaplan—-Meier (KM) curves were used to compare 5-year overall survival (OS),
and Cox regression was used for univariate and multivariate analyses. Gene expression
profiles were obtained from TCGA database, and differentially expressed genes (DEGs)
were screened. Functional enrichment analysis, protein interaction and survival analysis
will be further carried out. Genes of interest were verified by the Human Protein Atlas,
immunohistochemistry, and encyclopedia of Cancer Cell Lines (CCLE). The relationship
between genes of interest and immune cell infiltration was also analyzed by Tumor
Immune Estimation Resource (TIMER).

Results: Compared with ITGC patients, SRC patients were more likely to be female,
tended to be younger, and have a greater tumor distribution in the middle and lower
stomach (p < 0.01). SRCs showed a significantly better prognosis than ITGCs (p
< 0.01) in early gastric cancer (EGC), while the prognosis of SRCs was significantly
worse than ITGCs (p < 0.05) in advanced gastric cancer (AGC). A total of 256
DEGs were screened in SRCs compared to ITGCs, and the enrichment analysis and
protein interactions revealed that differential genes were mainly related to extracellular
matrix organization. Thrombospondin1 (THBS1) and serpin peptidase inhibitor, clade
E, member 1 (SERPINE1) are significantly differentially expressed between SRC and
ITGC, which has been preliminarily verified by immunohistochemistry and open-source
databases. THBS1 and SERPINE1 are also associated with multiple immune cell
infiltrates in gastric cancer.

Conclusions: There were significant differences in the clinicopathological features
and prognosis between SRC and ITGC. These results suggest that SRC and ITGC
may be two distinct types of tumors with different pathogeneses. We found many
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codifferentially expressed genes and important pathways between SRC and ITGC.
THBS1 and SERPINE1 were significantly differentially expressed in the two types of
gastric cancer, and may have potentially important functions.

Keywords: signet-ring cell carcinoma, intestinal-type gastric cancer, clinical stages, prognostic factor, genomic

profile

INTRODUCTION

With the advancements to the standard treatment of Helicobacter
pylori (HP), the overall incidence of gastric cancer is declining
(1). However, the incidence of signet-ring cell carcinoma (SRC)
is increasing each year (2). SRC is a subtype of gastric cancer
with a large amount of mucus (3) and is generally considered
to have a poor prognosis (4, 5). In recent years, some studies
in Asia have shown that the prognosis of SRC is closely related
to clinical stage (6-13). SRC has a good prognosis in the early
stage and a relatively worse prognosis in the advanced stage.
Only a few western studies have analyzed SRC vs. non-signet ring
cell carcinoma (NSRC), but the preliminary conclusion is not
consistent with that of Eastern countries (14, 15). Intra-tumor
heterogeneity may lead to unexpected bias; hence, the need to
compare SRC with intestinal-type gastric carcinoma (ITGC).
Meanwhile, the expression characteristics of SRC at the gene level
have not been specifically and clearly explained. The purpose of
this study was to investigate the prognostic significance of SRC
and ITGC based on the Surveillance, Epidemiology, and End
Results (SEER) database and the gene expression characteristics
of both types of cancer based on The Cancer Genome Atlas
(TCGA) database.

METHODS

Clinical Data

Clinical data were obtained from 18 SEER registries, and records
from 2004 to 2007 were analyzed for this study. Data used
for analysis included age, sex, race, tumor location, surgical
treatment, pathological stage, lymph node metastasis status, and
survival status. SRC is defined as adenocarcinoma in which more
than 50% of the tumor consists of isolated or small groups
of malignant cells containing intracytoplasmic mucin (3). Early
gastric cancer (EGC) is defined as a tumor limited to the mucosa
or submucosa, regardless of lymph nodal status (16). Advanced
gastric cancer (AGC) is defined as tumor invasion beyond the
submucosa. The International Classification of Diseases (ICD)
code 8490/3 was used to identify SRC patients, while the codes
8140/3, 8144/3, 8210/3, 8211/3, 8260/3, 8261/3, 8262/3, and
8283/3 were used for ITGC patients. For the 57,200 patients
with SRC and ITGC, the exclusion criteria were as follows:
unknown surgery status (n = 32,341), unknown staging (n
= 908), unknown differential (n = 1,481), race, tumor size,
unknown tumor location (n = 4,250), survival time < 1 month
(n = 1,031), <18 years old (n = 4), M1 (n = 1,662) (Figure 1).
The final analysis patients (N = 16,123) were divided into
three groups according to the WHO histological type: well-to-
moderately differentiated adenocarcinoma (WMD, n = 6,107),

poorly differentiated adenocarcinoma (PD, n = 6,518), and SRC
(n = 3,498).

RNA Sequencing Data

The RNA sequencing data of SRC and ITGC patients were
obtained from the TCGA database. The inclusion criteria of
gastric cancer samples were as follows: (i) gene expression
profiling of SRC and ITGC were available in the dataset; (ii) the
ICD code 8490/3 was used to identify SRC patients, while the
codes 8144/3, 8211/3, and 8260/3 were used for ITGC patients.
Finally, 12 SRC patients and 150 ITGC patients were enrolled in
this study. Our workflow for the bioinformatics analysis of TCGA
databases is illustrated in Figure 2.

Genome Sequencing Data Analysis

The RNA sequencing results of enrolled patients were
obtained from TCGA data portal (https://tcga-data.nci.
nih.gov/tcga/). They were normalized and processed with
TCGADbiolinks of R software (17). The TCGAbiolinks principle
of differential analysis was first used to convert the count
matrix into an edgeR object (18), and then it assigned the
same discrete estimate to each gene. Then, a pairwise test
was used to identify the differential expression patterns
between SRC and ITGC. Finally, the error detection rate
(FDR) correction was used to obtain the output and identify
differentially expressed genes (DEGs). The parameters set for the
differential expression analysis were FDR < 0.05 with |Log,FC|
> 1.

Analysis and Validation of Interest Genes
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses and protein-
protein interaction (PPI) analysis were then performed using
Metascape (http://metascape.org) (19). Kaplan-Meier (KM)
plots of the genes of interest were constructed. The overall
survival (OS) was analyzed, and the log-rank test was performed.
Pearson’s test was used for pairwise gene expression correlation
analysis of the genes of interest. A p < 0.05 was considered to
be significant.

Immunohistochemical methods were used to verify the
genes of interest in postoperative pathological tissues of
gastric cancer in our hospital. The pathological tissues were
obtained from postoperative specimens from Peking University
Third Hospital and included SRC and ITGC tissues. These
samples were evaluated by an independent pathologist. Tissues
(5mm thick) were deparaffinized and treated with 3% H,O,;-
CH3O0H for 15min to block endogenous peroxidase. Samples
were submerged in a pH 6.0 or 9.0 buffer in a pressure
cooker for antigen retrieval and then incubated at 37°C
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Patients diagnosed with signet ring cell
gastric carcinoma and non-signet ring cell
gastric carcinoma(N=62,556)

Removal of patients with no surgical
performed (n = 28,462)

Removal of patients with unknown AJCC
staging (n = 27,166)

Removal of patients with unknown tumor
size, tumor location (n = 21,646)

Removal of patients with survival time <
Tmonth and <18 years old (n = 20,568)

Removal of patients with distal
metastasis(M1) (N=18,569)

FIGURE 1 | Flow diagram of selected cases in the surveillance, epidemiology, and end results database.

for 2h with antibodies against thrombospondin 1 (Abcam, incubated with horseradish peroxidase (HRP)-conjugated IgG
ab1823, 1:50) and PAIl1 (Abcam, abl25687, 1:50). After = (ZSGB—Bio, PV-6000) at room temperature for 30 min and
washing with phosphate-buffered saline (PBS), the sections were  then stained with a 3,3N-diaminobenzidine tetrahydrochloride
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Transcriptomic profiles (TCGA)

12 SRC & 150 ITGC

Differentially expressed gene analysis in
TCGA profiles

(|Log2FC| > 1, FDR < 0.05)

Gene dramatically up/down regulated
(TCGAbiolinks)

256 differentially expressed genes

119 up-regulated / 137 down-regulated

Gene annotation (Metascape)

GO&KEGG enrichiment analysis
Protein-protein interaction

FIGURE 2 | Flow diagram of transcriptomic profiles in The Cancer Genome Atlas database.

(DAB) detection system kit (ZSGB-Bio, ZLI-9018). Protein
expression and localization were detected under light microscopy
and analyzed by Nikon Diagram Program (NDP) view
(version 2.6.8).

We used the Human Protein Atlas and Encyclopedia of
Cancer Cell Lines (CCLE) databases to verify the expression
of genes of interest in pathological tumor tissues and tumor
cell lines. We also use Tumor Immune Estimation Resource
(TIMER) (http://cistrome.org/TIMER) (20) to further explore
the clinical effects of differential genes and different immune
invasions infiltrates.

Statistical Analysis

Continuous variables and categorical variables were compared by
t-test and chi-square analysis, respectively. The KM method was
used to calculate the survival rate, and then the survival curves
were compared by the log-rank test. Univariate and multivariate
analyses were performed by the Cox regression risk model. All
data analyses were performed by SPSS version 24.0.

This study conforms to the Strengthening the reporting of
cohort studies in surgery (STROCSS) criteria (21). Because all the
original data come from open-source databases, ethical review
is unnecessary.
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TABLE 1 | Comparison of clinicopathological characteristics in early gastric cancer.

SRC WMD pi1 PD p2
75,417.7% 240,056.2% (SRC&WMD) 111,726.1% (SRC&PD)

Age (Mean + SD) 63.4 +13.5 70.6 +£10.6 <0.01 68.9 +11.2 <0.01
<60 years old 29,038.5% 42,817.8% 24,421.8%
>60 years old 46,461.5% 197,282.2% 87,378.2%

Gender <0.01 <0.01
Male 35,947.6% 1569,766.5% 70,763.3%

Female 39,552.4% 80,333.5% 41,036.7%

Size (Mean + SD) 22.8+194 22.3+18.7 0.541 26.3+19.8 <0.01
<2cm 43,858.1% 139,658.2% 54,849.1%
>2cm 31,641.9% 100,441.8% 56,950.9%

Race 0.412 0.423
White 49,365.4% 162,567.7% 0.239 70,763.3% 0.349
Black 8,911.8% 25,210.5 0.324 14,212.7% 0.543
American Indian 60.8% 150.6% 0.612 70.6% 0.657
Asian/Pacific Islander 16,622% 50,821.2% 0.623 26,123.4% 0.489

Location <0.01 <0.01
Upper 12,416.4% 95,539.8% <0.01 38,334.3% <0.01
Middle 29,238.7% 56,723.6% <0.01 32,328.9% <0.01
Lower 30,240.1% 79,633.2% <0.01 36,232.4% <0.01

Whole 364.8% 823.4% 0.093 494.4% 0.671
pN <0.01 <0.01
N- 60,480.1% 209,687.3% <0.01 83,474.7% <0.01
N+ 15,019.9% 30,412.7% <0.01 28,325.3% <0.01

SRC, signet ring cell carcinoma; WMD, well-to-moderately differentiated adenocarcinoma; PD, poorly differentiated adenocarcinoma; SD, standard deviation.

RESULTS

Clinicopathological Characteristics

The clinicopathologic characteristics of patients with EGC and
AGC are shown in Tables 1, 2, respectively. Of the 16,123 gastric
cancer patients, 4,271 patients (26.5%) had EGC, and 11,852
patients (73.5%) had AGC. There was a statistically significant
difference (p < 0.01) in histological type between the EGC
patients and the AGC patients.

In patients with EGC, SRC was more common in younger
patients and female patients than WMD (age: p < 0.01; sex: p
< 0.01) and PD (age: p < 0.01; sex: p < 0.01). There was no
significant difference in tumor size between the SRC and the
WMD, but tumor size was smaller in SRC than PD (p < 0.01).
Furthermore, there were more middle and lower third tumor
locations and less upper third locations in SRC (p < 0.01). The
SRC patients had less lymph node metastasis (LNM) than PD (p
< 0.01) patients and more LNM than WMD (p < 0.01) patients.

In patients with AGC, SRC was more common in younger,
female patients, and the tumor size was larger than that of WMD
(age: p < 0.01; sex: p < 0.01; size: p < 0.01) and PD (age: p <
0.01; sex: p < 0.01; size: p < 0.01). There were more Asian/Pacific
islanders in the SRC group than in the WMD group (p = 0.016).
SRCs were more frequently located in the middle and lower
third of the stomach than WMDs (p < 0.01) and PDs (p <
0.01), and SRCs presented a more diffuse infiltration growth
pattern (p < 0.01). In the tumor stage (T) and lymph node

(N) stage, the proportion of SRC patients with stage T4 and N3
disease was higher than that of WMD (p < 0.01) and PD (p <
0.01) patients.

Survival

The median follow-up was 35 months. The KM curves for
different clinical stages are shown in Figure 3. In general, the
OS of WMD was significantly better than that of SRC and PD
(p < 0.01), and there was no significant difference between SRC
and PD.

Notably, when the patients were divided into EGC and
AGC by pathological stage, SRC showed a significantly
better prognosis than both WMD and PD in EGC (p
< 0.01). However, this result was reversed in AGC; that
is, SRC demonstrated a significantly worse prognosis than
WMD (p < 0.01) and PD (p = 0.041). Regardless of
EGC or AGC, PD has a worse prognosis than WMD
(p < 0.01).

Mortality Predictors
We performed an unadjusted analysis of OS for EGC and AGC
and performed a multivariate analysis using Cox’s proportional
hazard model after adjustments for sex, age, race, location, tumor
size, and pathological stage.

In EGC, the univariate analysis showed that SRC was
associated with a reduction in mortality compared to WMD (HR:
0.702; 95% CI: 0.611-0.807; p < 0.01) and PD (HR: 0.628; 95%
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TABLE 2 | Comparison of clinicopathological characteristics in advanced gastric cancer.

SRC WMD P1 PD P2
2744,23.2% 3707,31.2% (SRC&WMD) 5401,45.6% (SRC&PD)

Age (Mean =+ SD) 62.2 +13.5 68.6 + 11.5 <0.01 67.8+12.4 <0.01
<60 years old 120,343.8% 87,523.6% 147,227.3%
>60 years old 154,1566.2% 283,276.4% 392,972.7%

Gender <0.01 <0.01
Male 148,354% 262,370.8% 359,966.6%

Female 126,146% 108,429.2% 180,233.4%

Size (Mean + SD) 56.2 + 36.3 47.0+24.6 <0.01 51.8+27.1 <0.01
<5cm 144,852.8% 237,063.9% 312,057.8%
>5cm 129,647.1% 133,736.1% 228,142.2%

Race 0.062 0.486
White 1857,67.7% 2541,68.5% 0.457 3696,68.4% 0.488
Black 350,12.8% 521,14.1% 0.127 686,12.7% 0.946
American Indian 23,0.8% 37,1% 0.462 29,0.5% 0.137
Asian/Pacific Islander 514,18.7% 608,16.4% 0.016 990,18.3% 0.654

Location <0.01 <0.01
Upper 56,720.7% 153,241.3% <0.01 196,336.3% <0.01
Middle 87,631.9% 86,923.4% <0.01 144,626.8% <0.01
Lower 97,635.6% 111,430.1% <0.01 162,130% <0.01

Whole 32,511.8% 1,925.2% <0.01 3,716.9% <0.01
pT <0.01 <0.01
T2 38,414% 95,725.8% <0.01 89,416.6% <0.01
T3 119,943.7% 195,452.7% <0.01 283,152.4% <0.01
T4 116,142.3% 79,621.5% <0.01 167,631% <0.01
pN <0.01 <0.01
NO 68,825.1% 1562,441.1% <0.01 147,627.3% 0.036
N1 83,230.3% 140,137.8% <0.01 207,638.4% <0.01
N2 62,722.8% 52,914.3% <0.01 113,921.1% 0.056
N3 59,721.8% 2,536.8% <0.01 71,013.1% <0.01

SRC, signet ring cell carcinoma; WMD, well-to-moderately differentiated adenocarcinoma; PD, poorly differentiated adenocarcinoma; SD, standard deviation.
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FIGURE 3 | Kaplan-Meier survival curves comparing overall survival in signet-ring cell carcinoma and non-signet-ring cell carcinoma are shown for (A) all stages, (B)
early gastric cancer, and (C) advanced gastric cancer.
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TABLE 3 | Univariate and multivariate analyses of prognostic factors for overall survival in early gastric cancer.

Univariate Multivariate
HR 95%Cl P HR 95%Cl P

Gender (Male) 1.226 1.111~1.353 <0.01 1.204 1.088~1.332 <0.01
Age (<60) 0.379 0.328~0.437 <0.01 0.363 0.313~0.42 <0.01
Race

White (vs. API) 1.547 1.363~1.756 <0.01 1.501 1.314~1.715 <0.01
Location

Middle (vs. Upper) 0.794 0.705~0.895 <0.01 0.828 0.729~0.94 <0.01

Lower (vs. Upper) 0.817 0.730~0.913 <0.01 0.86 0.761~0.972 <0.01
Histology

SRC (vs. ITGC) 0.677 0.5692~0.775 <0.01 0.826 0.719~0.949 <0.01

SRC (vs. WMD) 0.702 0.611~0.807 <0.01 0.859 0.744~0.992 0.039

SRC (vs. PD) 0.628 0.539~0.730 <0.01 0.767 0.657~0.896 <0.01
Tumor size (<2cm) 0.793 0.722~0.87 <0.01 0.893 0.811~0.984 0.022
pN (N-) 0.693 0.571~0.715 <0.01 0.647 0.575~0.727 <0.01

HR, hazard ratio; Cl, Confidence interval; SRC, signet ring cell carcinoma; WMD, well-to-moderately differentiated adenocarcinoma; PD, poorly differentiated adenocarcinoma; ITGC,

intestinal-type gastric carcinoma; API, Asian/Pacific Islander.

TABLE 4 | Univariate and multivariate analyses of prognostic factors for overall survival in advanced gastric cancer.

Univariate Multivariate
HR 95% CI P HR 95% CI P

Gender (Male) 1.021 0.976~1.068 0.366 1.013 0.967~1.061 0.589
Age (<60) 0.710 0.676~0.745 <0.01 0.620 0.590~0.652 <0.01
Race

White (vs. API) 1.276 1.202~1.355 <0.01 1.292 1.216~1.374 <0.01
Location

Middle (vs. Upper) 0.877 0.829~0.928 <0.01 0.822 0.775~0.871 <0.01

Lower (vs. Upper) 0.969 0.919~1.022 0.245 0.904 0.855~0.956 <0.01
Histology

SRC (vs. ITGC) 1178 1.12~1.238 <0.01 1.126 1.068~1.188 <0.01

SRC (vs. WMD) 1.374 1.294~1.458 <0.01 1.259 1.182~1.182 <0.01

SRC (vs. PD) 1.058 1.002~1.116 0.041 1.058 1.001~1.119 0.048
Tumor size (<5cm) 0.805 0.771~0.841 <0.01 0.965 0.922~1.01 0.122
pT

T3 (vs. T2) 1.564 1.468~1.667 <0.01 1.343 1.258~1.433 <0.01

T4 (vs. T2) 2.274 2.127~2.430 <0.01 1.843 1.719~1.976 <0.01
pN

N1 (vs. NO) 1.519 1.437~1.605 <0.01 1.397 1.321~1.478 <0.01

N2 (vs. NO) 1.915 1.796~2.041 <0.01 1.731 1.620~1.849 <0.01

N3 (vs. NO) 2.789 2.601~2.992 <0.01 2.442 2.269~2.628 <0.01

HR, hazard ratio; Cl, Confidence interval; SRC, signet ring cell carcinoma; WMD, well-to-moderately differentiated adenocarcinoma, PD, poorly differentiated adenocarcinoma; ITGC,

intestinal-type gastric carcinoma; API, Asian/Pacific Islander.

CI: 0.539-0.730; p < 0.01), as shown in Table 3. Multivariate
analysis showed that SRC was an independent protective factor
for OS in EGC compared with WMD (HR: 0.859, 95% CI: 0.744-
0.992, p = 0.039) and PD (HR: 0.767, 95% CI: 0.657-0.896,
p < 0.01).

Meanwhile, in AGC, the univariate analysis showed that
SRC was associated with increased mortality compared

to WMD (HR: 1.374; 95% CI: 1.294-1.458; p < 0.01)
and PD (HR: 1.058; 95% CI: 1.002-1.116; p = 0.041),
as shown in Table4. Multivariate analysis showed that
SRC was an independent risk predictor for OS in AGC
compared with WMD (HR: 1.259, 95% CI: 1.182-1.182,
p < 0.01) and PD (HR: 1.058, 95% CI: 1.001-1.119,
p=0.048).
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FIGURE 4 | (A) Volcano map of differentially expressed genes. Bar graph of enriched terms across differentially expressed genes are shown for (B) up-regulate, (D)
down-regulate, and (C) network of enriched terms colored by cluster ID, each node represents an enriched term. Nodes that share the same cluster ID are typically
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Complex Detection (MCODE) algorithm has been applied to identify densely connected network components. Gene ontology enrichment analysis was applied to each
MCODE network for (E).

Gene Expression Signatures of SRC and

ITGC

We used the edgeR package (18) (|[Log;FC| > 1, FDR <
0.05) to identify DEGs. In total, 256 codifferentially expressed
genes (119 upregulated and 137 downregulated) were found
and are shown in volcano plots (Figure 4A). Further functional
annotation was performed on these 256 genes to determine the
meaningful biological processes in SRC. A bar graph of the
enriched terms across the differentially expressed genes is shown

in Figures 4B,D, and the network was visualized using Cytoscape
(22) (Figure 4C).

The results revealed that the biological processes primarily
associated with the upregulated genes included the NABA
core matrisome cellular divalent inorganic cation homeostasis,
the regulation of phospholipase activity and extracellular
matrix (ECM) organization. Furthermore, the downregulated
genes were associated with the antimicrobial humoral immune
response mediated by antimicrobial peptides and the formation
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FIGURE 6 | Survival analysis are shown for (A) THBS1, (B) SERPINE1, (C) FGF2, and (D) VTN.

of the cornified envelope. PPI enrichment analysis was performed
with the following databases: Search tool for the retrival
of interacting genes/proteins (STRING) (23), The Biological
General Repository for Interaction Datasets (BioGrid) (24),
OmniPath (25), and InWeb_IM (25). The molecular complex
detection (MCODE) algorithm (26) was used to cluster the
PPI network (Figures 5A-D) and GO enrichment analysis was
applied to each MCODE network (Figure 5E). We found that the
protein interactions were mainly related to the formation of the
cornified envelope, ECM organization, and keratinization.

There was an interaction between Thrombospondinl
(THBS1), serpin peptidase inhibitor, clade E, member
1 (SERPINEI1), VTN, and FGF2. We used the median
to classify high and low expression in terms of the
expression level (TPM, transcripts per million). The KM
method was used to calculate the survival rate between
them (Figure6), and then the survival curves were
compared by the log-rank test. We found that THBSI,
SERPINE], and VTN were statistically related to OS (p
< 0.05). The Pearson correlation coeflicient was used
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FIGURE 8 | THBS1 showed moderate to strong membranous staining in malignant tumor cells, with occasional cytoplasmic staining. SERPINE1 was negatively
expressed in all tumor tissues via The Human Protein Atlas.

for correlation analysis (Figure?7) based on the TPM of Validation of the Genes of Interest
the DEGs and showed that THBSI, SERPINEI, and FGF2  Differential gene expression analysis suggested that THBS1 and
were correlated. SERPINEL1 were significantly differentially expressed in the two
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types of gastric cancer, correlation analysis found a correlation
between the two genes, and prognostic analysis suggested that
THBS1 and SERPINE1 might have potential functions in SRC.
We performed gene validation in the Human Protein Atlas
and found that gastric cancers were partly positive for THBS1

(Figure 8).

In the CCLE database, THBS1 was found to be highly
expressed in many tumor cell lines but only moderately
expressed in gastric cancer (Figure9). Then, gastric cancer
cell lines were analyzed, and SERPINE1 and THBS1 were
found to be relatively higher in metastatic tumor cell
lines (Figure 10).
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For further confirmation of these genes at the protein level,
we performed immunohistochemical staining in human samples
(Figure 11). In EGC, there was no significant difference in the
expression of THBS1 and ITGC in two types of gastric cancer,
while in AGC, the expression of THBS1 and SERPINEI1 in SRC
was higher than that in ITGC (Table 5). In SRC, the expression
of THBS1 and SERPINE1 was significantly higher in AGC
than in EGC. In ITGC, the expression of THBSI in AGC was
significantly higher than that in EGC, while the expression of
SERPINEL1 in EGC was not significantly different from that in
AGC (Table 6).

Tumor Immune Infiltration Analysis
The TIMER was used to explore the immunological
microenvironment and identified correlations between levels
of immune infiltration and expressions of the THBS1 and
SERPINEL in gastric cancer (Figure 12).

Survival analysis showed that macrophages (p = 0.004)
and neutrophils (p = 0.033) were significantly associated with
gastric cancer. THBS1 expression was significantly positively

linked with immune infiltration of purity (r = —0.183, p <
0.001), CD8+ T cells (r = 0.25, p = 1.09 x 107%), CD4+
T cells (r = 0.334, p = 5.33 x 107!!), macrophages (r =
0.601, p = 1.07 x 10~%), neutrophils (r = 0.343, p = 1.11
x 1071, and DCs (r = 0.448, p = 1.07 x 107'°). The
SERPINEL1 expression was significantly positively linked with
immune infiltration of purity (r = —0.168, p = 0.001), B cells
(r = —0.111, p = 0.033), CD8+ T cells (r = 0.149, p = 0.004),
macrophages (r = 0.310, p = 1.05 x 10~?), neutrophils (r
= 0248, p = 1.29 x 107%), and DCs (r = 0.209, p = 5.02
x 107°).

DISCUSSION

In recent years, a growing number of studies in Asian countries
has shown that the prognosis of SRC depends on the pathological
grading and staging, with better outcomes in SRC than in NSRC
in EGC and a reversal in AGC (6-13). Previous studies using
the SEER database did not show significant differences between
SRC and NSRC (14, 15, 27). Gastric cancer is a mixture of

Frontiers in Surgery | www.frontiersin.org

13

March 2022 | Volume 9 | Article 819018


https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Ma et al. The Prognosis and Genomic Profiling of SRC

A B
(3
EGC = EGC w=
s
& g g " A':
— (L priet g
. - 2.
RN S TR XY
R RPN
PSR AN ; :
AGC AGC
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TABLE 5 | Expression of THBS1 and SERPINE1 in signet-ring cell carcinoma and TABLE 6 | Expression of THBS1 and SERPINE in early gastric cancer and

non-signet ring cell carcinoma. advanced gastric cancer.
SRC ITGC P EGC AGC P
+ - + - + - + -
EGC SRC
THBS1 5 26 4 19 0.902 THBS1 5 26 19 3 <0.01
SERPINE1 6 24 6 15 0.478 SERPINE1 6 24 17 5 <0.01
AGC ITGC
THBS1 19 3 13 9 0.042 THBS1 4 19 13 9 <0.01
SERPINE1 17 5 10 12 0.030 SERPINE1 6 15 10 12 0.252

SRC, signet ring cell carcinoma; ITGC, intestinal-type gastric carcinoma; EGC, early SRC, signet ring cell carcinoma; ITGC, intestinal-type gastric carcinoma; EGC, early
gastric cancer; AGC, advanced gastric cancer. gastric cancer; AGC, advanced gastric cancer.

various subtypes of tumors, and previous studies have shown that  difference lies in the sex distribution. Approximately half of
the clinical characteristics of different tumor types vary greatly =~ patients with SRC are female, even though gastric cancer is
(28-30). The cause of such results may be the heterogeneity  generally considered to be a predominantly male cancer (32).
of the tumor, which is induced by the different selection  Studies have shown that younger women have higher levels of
criteria. The currently recognized cause of intestinal-type gastric ~ estrogen receptors, so sex hormones may play a role in age
cancer is long-term chronic atrophic inflammation (31), the and sex differences (33, 34). Other studies have shown that
pathogenesis of other types of gastric cancer is unknown, and  more than 80.0% of SRCs express estrogen receptors and are
the clinicopathological characteristics and prognosis vary from  more likely to metastasize to the ovary, suggesting that SRCs
one type to another. This study selected only ITGC and SRC,  have a higher affinity for estrogen (35). SRCs exhibit more
excluding mucinous adenocarcinoma, mixed adenocarcinoma,  middle and lower third tumor locations than the upper locations
and other rare types. in the total population and are more likely to present with

Our results suggest that the clinical characteristics of  diffuse infiltrating gastric cancer in AGC. Some studies show
SRC differ significantly from those of intestinal-type gastric  that Mistl+ stem cells in the gastric isthmus can be transformed
adenocarcinoma. One difference is that SRC develops at an  into SRCs in the absence of E-cadherin (36), which may be
earlier age, approximately 7 years earlier than ITGC. The second ~ why SRCs are more frequently located in the middle third
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of the stomach. All of these findings reinforce the idea that
SRC and ITGC may be two completely different diseases (37,
38).

Herein, we believe that stage adjustment is necessary to
analyze the prognosis of SRC. SRC was associated with a better
prognosis in early gastric cancer but a worse survival in advanced
gastric cancer. These results may suggest that mutated genes
controlling SRC progression may play a role in later stages of the
disease. However, no studies have been conducted to elucidate
how the gene level causes a difference in clinicopathological
features between SRC and ITGC.

We identified 256 DEGs (119 upregulated and 137
downregulated) between SRC and ITGC in TCGA data,
which may help us further explore the key reasons for the
differential prognosis of the two types of gastric cancer. The
genes THBS1, SERPINE1, VTN, and FGF2 were identified
as genes of interest through functional enrichment analysis
and PPI analysis. GO enrichment analysis showed that they
were mainly related to biological processes such as wound
healing, cell chemotaxis, and ECM tissue. These biological
processes are at the core of our enrichment term network and

may be closely related to the characteristics of SRC. Further
survival analysis showed that THBS1, SERPINE1, and VTN
were significantly associated with the prognosis of gastric
cancer. Correlation analysis showed that THBS1, SERPINE,
and FGF2 were correlated. In our study, it was found that the
expression of THBS1 and SERPINE1 was significantly different
in SRC and ITGC, as well as in EGC and AGC. It is reasonable
to assume that THBS1 and SERPINEI may have potentially
important functions.

According to our study, SRC has more T4 and N3
distribution in pathological stages than ITGC; this may be
the reason why SRC shows more malignancy in AGC than
ITGC. Thrombospondinl is an extracellular glycoprotein that
has been shown to play a role in cell invasion and migration
(39). Some studies have confirmed that THBS-1 protein is
mainly located in myofibroblasts of the tumor stroma and is
significantly associated with lymph node metastasis of gastric
cancer (40). It has also been proven that FGF7/FGFR2 signaling
promotes the invasion and migration of gastric cancer by
upregulating THBS1 (41). Serpin peptidase inhibitor, clade
E, member 1 can prevent excessive proteolysis and maintain
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the integrity of the ECM, which is necessary for capillary
morphogenesis, cell migration, and tumor invasion (42). Studies
have shown that the IncRNA NKX2-1-AS1 can activate the
VEGFR-2 signaling pathway through SERPINEI to promote
tumor progression and angiogenesis in gastric cancer (43).
Tumor cell line validation also showed higher expression of
THBSI and SERPINEI in metastatic cancer cell lines. Given the
role of THBS1 and SERPINEL1 in tumor invasion and metastasis,
it may explain the higher degree of malignancy in advanced SRC
to some extent.

We also performed a correlation analysis of tumor-infiltrating
immune cells. In gastric cancer, macrophages and neutrophils are
significantly associated with prognosis. THBS1 and SERPINE1
were associated with multiple immune cell infiltrates, with the
correlation between THBS1 and macrophages up to 0.601 (p
= 1.07 x 107%7). Tumor-associated macrophages (TAM) are
important components of tumor microenvironment and regulate
tumor progression. TAM can secrete matrix metalloproteinase
(MMP), serine protease and cathepsin to mediate ECM
degradation and cell-ECM interaction to promote tumor cell
invasion and migration (44, 45).

There are some limitations in our study that must be
considered. First, although the use of a large database can
reduce the bias due to differences in patient distribution
to some extent, these data also limited our study because
perioperative chemotherapy, which is critical to prognosis,
was missing. The surgery type and the extent of lymph
node dissection (D1, D2) were not recorded in patients who
underwent surgical resection. Therefore, more cohort studies
should be conducted.

Second, two parts of this study were obtained from the SEER
database and TCGA database, and both are maintained by the
National Cancer Institute. Although the inclusion criteria for
the two parts of this study were basically the same, due to
the defects of the database itself, there was a huge difference
in the proportion of SRC and ITGC cases. Thus, it is not
appropriate for us to add other features to the grouping.
These deficiencies may have partially influenced the results, as
evidenced by the fact that CDHI1 (46) and CDSI1 expression
did not differ between two groups. Moreover, since the number
of SRCs in the TCGA database is too small, it is difficult to
conduct grouping for subsequent analysis of genes of interest.
Although our results were validated by immunohistochemistry,
more studies on the single-cell sequencing of SRC are needed.
Further mechanistic validation for the genes of interest will be
further implemented.

REFERENCES

1. Lee YC, Chiang TH, Chou CK, Tu YK, Liao WC, Wu MS, et al. Association
between helicobacter pylori eradication and gastric cancer incidence: a
systematic review and meta-analysis. Gastroenterology. (2016) 150:1113-
24.e5. doi: 10.1053/j.gastro.2016.01.028

2. Henson DE, Dittus C, Younes M, Nguyen H, Albores-Saavedra J. Differential
trends in the intestinal and diffuse types of gastric carcinoma in the

CONCLUSIONS

There were significant differences in the clinicopathological
features and prognosis between SRC and ITGC. These
results suggest that SRC and ITGC may be two distinct
types of tumors with different pathogeneses. We found
many codifferentially expressed genes and important
pathways between SRC and ITGC. THBSI and SERPINE1

were significantly differentially expressed in the two
types of gastric cancer, and may have potentially
important functions.

DATA AVAILABILITY STATEMENT

The original contributions presented in the
study are included in  the article/supplementary
material, further inquiries can be directed to the

corresponding author.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

JM analyses the data and statistics and drafted the manuscripts.
YM was responsible for literature search, manuscript
preparation, and contributed to some of the pictures. WE
LG, and XZ responsible for the design of the study, reviewed
the manuscript, provided feedback, and provided financial
support. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by grants from the National Natural
Science Foundation of China (No. 82003153), Beijing Municipal
Science and Technology Commission (No. Z131100004013036),
and National Multidisciplinary Cooperative Diagnosis and
Treatment Capacity Building Project for Major Diseases:
Comprehensive Diagnosis and Treatment of gastrointestinal
Tumors (No. A63445-24).

United States, 1973-2000: increase in the signet ring cell type. Arch Pathol Lab
Med. (2004) 128:765-70. doi: 10.5858/2004-128-765-DTITIA
3. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P,
et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology. (2020) 76:182-8. doi: 10.1111/his.13975
. Kim JP, Kim SC, Yang HK. Prognostic significance of signet
ring cell carcinoma of the stomach. Surg Oncol. (1994) 3:221-
7. doi: 10.1016/0960-7404(94)90037-X

Frontiers in Surgery | www.frontiersin.org

16

March 2022 | Volume 9 | Article 819018


https://doi.org/10.1053/j.gastro.2016.01.028
https://doi.org/10.5858/2004-128-765-DTITIA
https://doi.org/10.1111/his.13975
https://doi.org/10.1016/0960-7404(94)90037-X
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Ma et al. The Prognosis and Genomic Profiling of SRC
5. Piessen G, Messager M, Leteurtre E, Jean-Pierre T, Mariette C. Signet ring 24. Stark C, Breitkreutz BJ, Reguly T, Boucher L, Breitkreutz A, Tyers M.
cell histology is an independent predictor of poor prognosis in gastric BioGRID: a general repository for interaction datasets. Nucleic Acids Res.
adenocarcinoma regardless of tumoral clinical presentation. Ann Surg. (2009) (2006) 34(Database issue):D535-D9. doi: 10.1093/nar/gkj109
250:878-87. doi: 10.1097/SLA.0b013e3181b21c7b 25. Li T, Wernersson R, Hansen RB, Horn H, Mercer ], Slodkowicz G, et al.
6. Machara Y, Sakaguchi Y, Moriguchi S, Orita H, Korenaga D, Kohnoe S, et al. A scored human protein-protein interaction network to catalyze genomic
Signet ring cell carcinoma of the stomach. Cancer. (1992) 69:1645-50. doi: 10. interpretation. Nat Methods. (2017) 14:61-4. doi: 10.1038/nmeth.4083
1002/1097-0142(19920401)69:7 <1645::AID-CNCR2820690702>3.0.CO;2-X 26. Bader GD, Hogue CW. An automated method for finding molecular
7. Yokota T, Kunii Y, Teshima S, Yamada Y, Saito T, Kikuchi S, et al. complexes in large protein interaction networks. BMC Bioinformatics. (2003)
Signet ring cell carcinoma of the stomach: a clinicopathological comparison 4:2. doi: 10.1186/1471-2105-4-2
with the other histological types. Tohoku ] Exp Med. (1998) 186:121- 27. Lin CL, Zhu GW, Huang YJ, Zheng W, Yang SG, Ye JX. Operable
30. doi: 10.1620/tjem.186.121 gastric adenocarcinoma with different histological subtypes: cancer-specific
8. Kim DY, Park YK, Joo JK, Ryu SY, Kim YJ, Kim SK, et al. Clinicopathological survival in the United States. Saudi ] Gastroenterol. (2020) 26:46—
characteristics of signet ring cell carcinoma of the stomach. ANZ J Surg. (2004) 52. doi: 10.4103/sjg.S]G_406_19
74:1060-4. doi: 10.1111/§.1445-1433.2004.03268.x 28. Hoerr SO, Hazard JB, Bailey D. Prognosis in carcinoma of the stomach in
9. Chiu CT, Kuo CJ, Yeh TS, Hsu JT, Liu KH, Yeh CN, et al relation to the microscopic type. Surg Gynecol Obstet. (1966) 122:485-94.
Early signet ring cell gastric cancer. Dig Dis Sci. (2011) 56:1749- 29. Kawamura H, Kondo Y, Osawa S, Nisida Y, Okada K, Isizu H, et al. A
56. doi: 10.1007/s10620-010-1487-8 clinicopathologic study of mucinous adenocarcinoma of the stomach. Gastric
10. Kwon K]J, Shim KN, Song EM, Choi JY, Kim SE, Jung HK, Cancer. (2001) 4:83-6. doi: 10.1007/PL00011728
et al. Clinicopathological characteristics and prognosis of signet 30. Park JM, Jang YJ, Kim JH, Park SS, Park SH, Kim §]J, et al. Gastric cancer
ring cell carcinoma of the stomach. Gastric Cancer. (2014) histology: clinicopathologic characteristics and prognostic value. J Surg Oncol.
17:43-53. doi: 10.1007/s10120-013-0234-1 (2008) 98:520-5. doi: 10.1002/js0.21150
11. Chon HJ, Hyung WJ, Kim C, Park S, Kim JH, Park CH, et al. Differential 31. Hoffmann W. Current status on stem cells and cancers of the gastric
prognostic implications of gastric signet ring cell carcinoma: stage adjusted epithelium. Int ] Mol Sci. (2015) 16:19153-69. doi: 10.3390/ijms160819153
analysis from a single high-volume center in Asia. Ann Surg. (2017) 265:946—- 32. Sipponen P, Correa P. Delayed rise in incidence of gastric cancer in females
53. doi: 10.1097/SLA.0000000000001793 results in unique sex ratio (M/F) pattern: etiologic hypothesis. Gastric Cancer.
12. Kao YC, Fang WL, Wang RE Li AE Yang MH, Wu CW, et al (2002) 5:213-9. doi: 10.1007/s101200200037
Clinicopathological differences in signet ring cell adenocarcinoma 33. Matsui M, Kojima O, Kawakami S, Uehara Y, Takahashi T. The prognosis of
between early and advanced gastric cancer. Gastric Cancer. (2019) patients with gastric cancer possessing sex hormone receptors. Surg Today.
22:255-63. doi: 10.1007/s10120-018-0860-8 (1992) 22:421-5. doi: 10.1007/BF00308791
13. Huang KH, Chen MH, Fang WL, Lin CH, Chao Y, Lo SS, et al 34. Ryu WS, Kim JH, Jang Y], Park SS, Um JW, Park SH, et al. Expression of
The clinicopathological ~characteristics and genetic alterations of estrogen receptors in gastric cancer and their clinical significance. J Surg
signet-ring cell carcinoma in gastric cancer. Cancers (Basel). (2020) Oncol. (2012) 106:456-61. doi: 10.1002/js0.23097
12:2318. doi: 10.3390/cancers12082318 35. Yang XF, Yang L, Mao XY, Wu DY, Zhang SM, Xin Y. Pathobiological behavior
14. Taghavi S, Jayarajan SN, Davey A, Willis AL  Prognostic and molecular mechanism of signet ring cell carcinoma and mucinous
significance of signet ring gastric cancer. ] Clin Oncol. (2012) adenocarcinoma of the stomach: a comparative study. World ] Gastroenterol.
30:3493-8. doi: 10.1200/JC0O.2012.42.6635 (2004) 10:750-4. doi: 10.3748/wjg.v10.i5.750
15. CuiJ, Liang H, Deng ], Ding X, Wang X, Zhang L, et al. [Clinicopathological 36. Hayakawa Y, Ariyama H, Stancikova ], Sakitani K, Asfaha S, Renz
features and prognostic analysis of patients with signet ring cell BW, et al. Mistl expressing gastric stem cells maintain the normal
gastric carcinomal. Zhonghua Zhong Liu Za Zhi. (2015) 37:367-70. and neoplastic gastric epithelium and are supported by a perivascular
doi: 10.3760/cma.j.issn.0253-3766.2015.05.011 stem cell niche. Cancer Cell. (2015) 28:800-14. doi: 10.1016/j.ccell.2015.
16. Japanese Gastric Cancer Association. Japanese classification of 10.003
gastric  carcinoma: 3rd English edition. Gastric Cancer. (2011) 37. Hohenberger P, Gretschel S. Gastric cancer. Lancet. (2003) 362:305-
14:101-12. doi: 10.1007/s10120-011-0041-5 15. doi: 10.1016/50140-6736(03)13975-X
17. Colaprico A, Silva TC, Olsen C, Garofano L, Cava C, Garolini D, et al. 38. Tan IB, Ivanova T, Lim KH, Ong CW, Deng N, Lee J, et al. Intrinsic subtypes
TCGAbiolinks: an R/Bioconductor package for integrative analysis of TCGA of gastric cancer, based on gene expression pattern, predict survival and
data. Nucleic Acids Res. (2016) 44:e71. doi: 10.1093/nar/gkv1507 respond differently to chemotherapy. Gastroenterology. (2011) 141:476-85,
18. McCarthy DJ, Chen Y, Smyth GK. Differential expression analysis of 485.el-el1. doi: 10.1053/j.gastro.2011.04.042
multifactor RNA-Seq experiments with respect to biological variation. Nucleic 39. Jayachandran A, Anaka M, Prithviraj P, Hudson C, McKeown SJ, Lo PH, et al.
Acids Res. (2012) 40:4288-97. doi: 10.1093/nar/gks042 Thrombospondin 1 promotes an aggressive phenotype through epithelial-
19. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, et al. to-mesenchymal transition in human melanoma. Oncotarget. (2014) 5:5782-
Metascape provides a biologist-oriented resource for the analysis of systems- 97. doi: 10.18632/oncotarget.2164
level datasets. Nat Commun. (2019) 10:1523. doi: 10.1038/s41467-019-09234-6 40. Lin XD, Chen SQ, Qi YL, Zhu JW, Tang Y, Lin JY. Overexpression of
20. LiT, Fan ], Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: a web server for thrombospondin-1 in stromal myofibroblasts is associated with tumor growth
comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. (2017) and nodal metastasis in gastric carcinoma. J Surg Oncol. (2012) 106:94-
77:¢108-e10. doi: 10.1158/0008-5472.CAN-17-0307 100. doi: 10.1002/js0.23037
21. Agha R, Abdall-Razak A, Crossley E, Dowlut N, Iosifidis C, Mathew G, et al. 41. Huang T, Wang L, Liu D, Li P, Xiong H, Zhuang L, et al. FGF7/FGFR2
STROCSS 2019 guideline: strengthening the reporting of cohort studies in signal promotes invasion and migration in human gastric cancer
surgery. Int ] Surg. (2019) 72:156-65. doi: 10.1016/j.ijsu.2019.11.002 through upregulation of thrombospondin-1. Int ] Oncol. (2017)
22. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage 50:1501-12. doi: 10.3892/ij0.2017.3927
D, et al. Cytoscape: a software environment for integrated 42. Devy L, Blacher S, Grignet-Debrus C, Bajou K, Masson V, Gerard RD, et al.
models of biomolecular interaction networks. Genome Res. (2003) The pro- or antiangiogenic effect of plasminogen activator inhibitor 1 is dose
13:2498-504. doi: 10.1101/gr.1239303 dependent. FASEB J. (2002) 16:147-54. doi: 10.1096/j.01-0552com
23. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al. 43. TengF ZhangJX, Chen Y, Shen XD, Su C, Guo Y], et al. LncRNA NKX2-1-AS1
STRING v11: protein-protein association networks with increased coverage, promotes tumor progression and angiogenesis via upregulation of SERPINE1
supporting functional discovery in genome-wide experimental datasets. expression and activation of the VEGFR-2 signaling pathway in gastric cancer.
Nucleic Acids Res. (2019) 47:D607-D13. doi: 10.1093/nar/gky1131 Mol Oncol. (2021) 15:1234-55. doi: 10.1002/1878-0261.12911
Frontiers in Surgery | www.frontiersin.org 17 March 2022 | Volume 9 | Article 819018


https://doi.org/10.1097/SLA.0b013e3181b21c7b
https://doi.org/10.1002/1097-0142(19920401)69:7$<$1645::AID-CNCR2820690702$>$3.0.CO;2-X
https://doi.org/10.1620/tjem.186.121
https://doi.org/10.1111/j.1445-1433.2004.03268.x
https://doi.org/10.1007/s10620-010-1487-8
https://doi.org/10.1007/s10120-013-0234-1
https://doi.org/10.1097/SLA.0000000000001793
https://doi.org/10.1007/s10120-018-0860-8
https://doi.org/10.3390/cancers12082318
https://doi.org/10.1200/JCO.2012.42.6635
https://doi.org/10.3760/cma.j.issn.0253-3766.2015.05.011
https://doi.org/10.1007/s10120-011-0041-5
https://doi.org/10.1093/nar/gkv1507
https://doi.org/10.1093/nar/gks042
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1016/j.ijsu.2019.11.002
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1093/nar/gkj109
https://doi.org/10.1038/nmeth.4083
https://doi.org/10.1186/1471-2105-4-2
https://doi.org/10.4103/sjg.SJG_406_19
https://doi.org/10.1007/PL00011728
https://doi.org/10.1002/jso.21150
https://doi.org/10.3390/ijms160819153
https://doi.org/10.1007/s101200200037
https://doi.org/10.1007/BF00308791
https://doi.org/10.1002/jso.23097
https://doi.org/10.3748/wjg.v10.i5.750
https://doi.org/10.1016/j.ccell.2015.10.003
https://doi.org/10.1016/S0140-6736(03)13975-X
https://doi.org/10.1053/j.gastro.2011.04.042
https://doi.org/10.18632/oncotarget.2164
https://doi.org/10.1002/jso.23037
https://doi.org/10.3892/ijo.2017.3927
https://doi.org/10.1096/fj.01-0552com
https://doi.org/10.1002/1878-0261.12911
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Ma et al.

The Prognosis and Genomic Profiling of SRC

44. Liang W, Huang X, Carlos CJJ, Lu X. Research progress of tumor
microenvironment and tumor-associated macrophages. Clin Transl Oncol.
(2020) 22:2141-52. doi: 10.1007/s12094-020-02367-x

Yan Y, Zhang J, Li JH, Liu X, Wang JZ, Qu HY, et al. High tumor-associated
macrophages infiltration is associated with poor prognosis and may contribute
to the phenomenon of epithelial-mesenchymal transition in gastric cancer.
Onco Targets Ther. (2016) 9:3975-83. doi: 10.2147/OTT.S103112

Ma YR, Siegal GP, Wei S. Reacquisition of E-cadherin expression in metastatic
deposits of signet-ring cell carcinoma of the upper gastrointestinal system:
a potential anchor for metastatic deposition. J Clin Pathol. (2017) 70:528-
32. doi: 10.1136/jclinpath-2016-203959

45.

46.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ma, Meng, Zhou, Guo and Fu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Surgery | www.frontiersin.org

18

March 2022 | Volume 9 | Article 819018


https://doi.org/10.1007/s12094-020-02367-x
https://doi.org/10.2147/OTT.S103112
https://doi.org/10.1136/jclinpath-2016-203959
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	The Prognostic Significance and Gene Expression Characteristics of Gastric Signet-Ring Cell Carcinoma: A Study Based on the SEER and TCGA Databases
	Introduction
	Methods
	Clinical Data
	RNA Sequencing Data
	Genome Sequencing Data Analysis
	Analysis and Validation of Interest Genes
	Statistical Analysis

	Results
	Clinicopathological Characteristics
	Survival
	Mortality Predictors
	Gene Expression Signatures of SRC and ITGC
	Validation of the Genes of Interest
	Tumor Immune Infiltration Analysis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


