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ARTICLE INFO ABSTRACT
Keywords: Background: CD molecules plays a vital role in gastric cancer (GC). We used bioinformatics
CD molecules analysis methods to develop prognosis related CD molecules risk signature; On the other hand, we
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used the experiments to further explore the function and mechanism of differentially expressed
prognostic CD molecules (TREM1) in GC.

Methods: Kaplan-Meier survival and univariate Cox regression analysis were used to evaluate the
overall survival of CD molecule genes in gastric cancer. ROC curve and Kaplan-Meier curves were
used to analyze the predictive value of CD molecule related genes risk signature by “survival and
timeROC” R packages. GSEA, and Cibersortx software were used to analyze the functional
enrichment. Finally, we verified the function and mechanism of TREM1 in GC by gene silencing
and MAPK inhibitor (SB203580) in vitro and vivo.

Results: A total of 41 prognosis related risk factors in gastric cancer were identified based on CD
molecules, including TREM1 and ect. The high-risk patients had higher risk score and shorter
survival time. ROC curves revealed that this risk signature accurately predicted survival times of
gastric cancer patients at the 1-, 2-, 3-, 4- and 5-year. The frequency of T cells follicular helper and
NK cells activated were added in low-risk group. Next, differentially expressed prognostic CD
molecules analysis revealed that TREM1 was identified as key genes in GC progression based on
TCGA and GES158662 and GSE15459 datasets of GC. In vitro experiments, TREM1 silencing
significantly inhibited GC cell proliferation and migration, induced cell apoptosis. GSEA revealed
that TREM1 activated cancer related signaling pathway, including MAPK signaling pathway and
ect. High expression of TREM1 was related Macrophages M2 and Mast cells resting in GC tissues.
Moreover, knockdown of TREM1 inhibited tumor growth through downregulated MAPK
signaling pathway in vivo.

Conclusion: These results identified that CD molecule related genes as a novel prognostic and
diagnostic biomarker in gastric cancer. TREM1 acts as an oncogene role in GC by activated MAPK
signaling pathway.
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1. Introduction

Gastric cancer is one of gastrointestinal malignant tumor with high morbidity and mortality [1]. Due to bad living habits and
Helicobacter pylori infection, there were one million new cases and seven hundred thousand deaths worldwide in 2020 [2]. Because
there are no obvious symptoms in the early stage of gastric cancer, many patients are diagnosed with advanced gastric cancer. Despite
continuous progress in molecular diagnostic techniques, surgical and adjuvant therapy techniques, the overall survival rate of gastric
cancer patients is still poor [3]. The 5-year survival rate is less than 20% in patients with advanced gastric cancer [4]. Therefore, it is
particularly important to find the key genes and therapeutic targets that affect the prognosis of gastric cancer.

CD molecules are glycoproteins and glycolipids of the cell membrane surface, which mediate its interaction with antigen, with
other components of the immune system [5]. CD molecules were used as a surface marker for cell identification and isolation, which
was widely involved in the cell growth, differentiation, migration and activation [6]. CD molecule not only participate in recognizing
antigens, capturing antigens, and promoting the interaction between immune cells and antigens or immune molecules, but also
mediate the adhesion between immune cells and immune cells, and between immune cells and the matrix, which plays an key role in
immune response, activation and effector stages [7]. More and more studies have confirmed that CD molecules are closely related with
the progression of cancers, including gastric cancer, and expected to be a potential biomarker for the diagnosis and prognosis of gastric
cancer [8,9]. We used the data of patients with gastric cancer from the public databases the Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) to explore the clinical significance and function of prognosis related CD molecules and differentially
expressed CD molecules in between gastric cancer tissues with normal tissues. We found key genes in the progression of Gastric cancer
by differentially expressed CD molecules analysis based on TCGA and GEO dataset and further explored and validated the gene that
may be therapeutic targets.

Bioinformatics analysis has revealed that protein-coding gene triggering receptors expressed by myeloid cells-1 (TREM1) was a key
gene in gastric cancer progression. Previous study has reported that TREM1 was upregulated in most cancers and positively associated
with poor prognosis, immune response, pro-tumor pathways [10]. TREM1 silencing significantly inhibited invasion and migration of
liver cancer cells by mediating macrophage polarization [11]. TREM1 expression was associated with persistent DNA damage, and
inflammation [12]. However, the understanding of oncogenic roles of TREM1 in gastric cancer remains incomplete.

In this study, Kaplan-Meier survival and univariate Cox regression analysis was used to evaluate the overall survival of CD mol-
ecules in gastric cancer. We then further explored the role of immune cell infiltration in gastric cancer. We identified the survival-
related CD molecules in the context of GC and develop a prognostic signature for gastric cancer patients. Moreover, we identified
that TREM1 was key gene in GC progression by differentially expressed CD molecules analysis based on TCGA and GES158662 and
GSE15459 datasets of GC. Finally, we verified the function and mechanism of TREM1 in gastric cancer by gene silencing and MAPK
inhibitor (SB203580) in vitro and vivo.

2. Materials and methods
2.1. Collection of gastric cancer datasets

Clinical data, count and Fragments Per Kilobase of transcript per Million (FPKM) data of 375 gastric cancer patients were acquired
from UCSC Xena. A total of 422 CD molecules related genes were retrieved from the KEGG pathways as targeted genes set. GSE158662
dataset was downloaded from Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE158662),
including 3 normal tissues sample and 3 gastric cancer sample. Next, GSE103236 dataset was downloaded from GEO (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103236), including 9 normal tissues sample and 10 gastric cancer; GSE15459 dataset
was downloaded to verify the KM survival curve of CD36 and TREM1 high/low expression in gastric cancer patients, including 200
primary gastric tumors.

2.2. Prognosis related CD molecules genes

Kaplan-Meier survival and univariate Cox regression analysis was used to evaluate the overall survival of CD molecule in gastric
cancer. The “glmnet” R package (Version 4.1.1) was used to LASSO regression to prevent model overfitting. LASSO regression analysis
was used to obtain the CD molecules related prognostic signature and the corresponding risk coefficients based on multivariate Cox
regression analysis. The risk scores of gastric cancer patients were calculated by the regression coefficients of genes and their cor-
responding mRNA expressions. The patients with GC were divided into high-risk group and low-risk group based on the cutoff value of
the median value of risk scores.

Kaplan-Meier curves was analyzed by using the “survival” R packages (Version 3.2.10). We used the “timeROC” R packages
(1.18.0) to create a time dependent ROC curve to assess the risk score’s efficacy in predicting the 1, 2, 3, 4 and 5-year survival of gastric
cancer patients.

2.3. Cibersort analysis

The CIBERSORT [13] was used to analyze the abundance of 22 tumor immune infiltrating cell types in the tumor immune
microenvironment (TME) of gastric cancer patient samples. The heatmap was used to show the differential abundance of 22 immune
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infiltrating cell. Wilcoxon test was used to analyze the statistical differences of high and low risk group.
2.4. Immune checkpoint molecules expression

The potential immunotherapeutic markers including 18 ICB-related genes were explored in high- and low risk groups by Wilcoxon
test. The heatmap of ICB-related genes expression was drawn by R package of “pheatmap” (version 4.0.4).

2.5. The expression analysis of OS related CD molecule genes

The differential expression of overall survival (OS) related CD molecule genes in gastric cancer tissues and normal tissues were
analyzed based log 2 |fold change| >1, P < 0.05.

2.6. Copy number alteration (CNA)

The copy number alteration frequency and type of OS related CD molecule genes were analyzed by cBioPortal online web (http://
www.cbioportal.org/).

2.7. Gene set enrichment analysis (GSEA)

The genomic data of gastric patients in the TCGA database were divided into high expression of TREM1 group and low expression of
TREM1 group. The hallmark and KEGG gene set was used for the enrichment analysis in GSEA v 4.1.0 software.

2.8. Cell culture

The gastric mucosal epithelial cell line (GES-1) and GC cell lines (AGC and HGC27) were obtained from the Global Bioresource
Center (ATCC, USA). The cells were cultured in RPMI-1640 medium (Gibco, USA) added with 10% fetal bovine serum (FBS), 100 pg/
mL streptomycin and 100 U/mL penicillin (Gibco, USA) and maintained in a humidified atmosphere of 5% CO- at 37 °C.

2.9. Cell transfection

The shRNA sequences of TREM1 were purchased from Hangzhou guannan Biotechnology Co., LTD. For cell transfection, AGC and
HGC27 were transfected with TREM1 shRNA using Lipofectamine™ 3000 (Invitrogen, USA) according to the manufacturer’s in-
structions to establish stable cell lines. Transfection efficiency was detected by RT-qPCR assay. We used shRNA sequence targeting
TREM1 (shRNA-1: 5-CACCGGGTTCCGGTGTTCAACATTGCGAACAATGTTGAACACCGGAACCC-3; shRNA-2: 5-CACCGGTGTTCAA-
CATTGTCATTCTCGAAAGAATGACAATGTTGAACACC-3; and shRNA-3: 5-CACCGGTCTTCTCTGTCCTGTTTGCCGAAGCAAA-
CAGGACAGAGAAGACC-3).

2.10. RT-qPCR assay

Total RNA was isolated by using TRIzol reagent (Thermo Fisher, Cat. #15596026) from GES-1, AGC and HGC27 cell lines. Total
RNA was synthesized to cDNA by reverse transcription kit (Vazyme, Cat. #R211-01). The ¢cDNA was amplified by RT-qPCR using
AceQ Universal SYBR qPCR Master Mix (Cat. No. A25742; Thermo Fisher Co., Ltd.) on an ABI 7500 PCR system (Thermo Fisher
Scientific, Inc.). The cycling parameters used were 95 °C for 15s, 55-60 °C for 15s, and 72 °C for 15s for 45 cycles. Ct values were
determined during the exponential amplification phase of real time PCR. The 2-AACt method was need to calculate relative expression
levels in GC cell lines. Each experiment was performed in triplicate. The primer sequences were as follows:

TREM1, forward: 5-GAACTCCGAGCTGCAACTAAA-3;

TREM]1, reverse:5-TCTAGCGTGTAGTCACATTTCAC-3'

GAPDH, forward: 5-CACAAGCAGAGTGCTGAAGGTG-3;

GAPDH, forward: 5-ACCACCCTGTTGCTGTAGCCAA-3.

2.11. Cell proliferation assay

Cell counting kit-8(Cat. #GK10001-1) was used to detect the cell proliferation after cell transfection. In brief, logarithmic growth
cells (1 x 10°) were seeded into 96-well cell culture plates. 10 pL of CCK-8 solution was added at 0, 24, 48 and 72 h. The absorbance of
each well was determined by enzyme label detection at 450 nm (Molecular Devices, USA). All assays were repeated at least three times.
2.12. Flow cytometric assay

Cell apoptosis was detected by using Annexin V- FITC/PI apoptosis detection kit. In brief, 500 pLbinding buffer was added the cells,

and 5 pL Annexin V-FITC apoptosis detection kit (cat.no.556547; BD Biosciences) and 5 pL PI staining solution (cat. No. 556547; BD
Biosciences) were added and stained the cells in the dark for 15 min. Next, the cell apoptotic rate was analyzed by flow cytometer
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Fig. 1. Univariate Cox regression analyses of CD molecules influencing overall survival in gastric cancer.
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(Becton Dickinson, USA). All assays were repeated at least three times. The cell apoptosis was analyzed by using FloJo software (BD
Biosciences, USA).

2.13. Cell migration assay

Cell migration was analyzed by using 24-well transwell chambers (Cat. #3433). For migration assays, 1 x 10° cells were plated in
the top chamber. After 24 h of culture, the chamber was token out and fixed with 10% neutral formalin. Wiping off the cells that do not
pass through the chamber membrane with a cotton swab. The invasion cells were stained with crystal violet for 20 min. The migration
cells were photographed under the microscope from randomly select four visual fields.

2.14. Tumor xenograft model

A total of 15 male athymic mice (BALB/c-nu/nu; 6 weeks old; 20-25 g) were purchased from shanghai Southern Model
Biotechnology Co., LTD (2022-00). The Animal experiment protocol listed below has been reviewed and approved by Laboratory
animal management ethics committee of ZPPH (Approval No. 20230514170023672211). Mice were divided into three group,
including TREM1 shRNA group, control group, and TREM1 shRNA + MAPK inhibitor (SB203580) group. Each mouse was subcuta-
neously inoculated with AGS cell from differential treat. The tumor volume was sequentially recorded 0 days, 3 days, 7 days, 10 days,
13 days. 15 days, 18 days, and 21 days post administration. All experimental animals were killed by inhaling carbon monoxide gas. The
tumor tissues were collected and tumor weight was measured.

2.15. Statistical analysis

SPSS 19.0 (IBM Corporation, Armonk, NY, USA) was used for statical analysis. The dates are expressed as means + standard de-
viation. One way ANOVA test was used to compare the mean between multiple samples, The Student’s t-test was used to compare the
mean between two samples. P < 0.05 was considered statical significance.

3. Results
3.1. Identification of prognosis related risk factors in gastric cancer based on CD molecules

The RNA-seq data of the 422 CD molecules related genes was downloaded to explore the overall survival associated CD molecules
by Kaplan-Meier curves analysis and univariate Cox regression analysis. A total of 41 prognosis related CD molecules were acquired
from 422 CD molecules in gastric cancer (Supplemental Fig. 1). Among, the high expression of TREM1, TNFRSF1A, SLC4Al, TEK,
BCAM, PLA2R1, PDGFRB, ATP1B2, ART4, HAVCR1, SELE, CDH2, IL1R1, CD248, INSR, NT5E, CXCR4, NCAM2, NRP1, JAM2, CD59,
ITGB1, CD109, BMPR1B, GGT5, ITGAV, CD36, ITGA5, C5AR1, CD151, DDR2, and FGFR4 have shorter survival time than low
expression group in gastric cancer (Supplemental Fig. 1A), the low expression of PTPRJ, BTNL9, CD46, ADAM10, ENTPDS8, TFRC,
IL17RA, EPCAM, CD82 group with gastric cancer patients have shorter survival time than high expression group (Supplemental
Fig. 1B). Next, poor prognosis related risk factors were evaluated in gastric cancer by univariate Cox regression analysis from prognosis
related CD molecules. As shown in Fig. 1, the overall survival univariate forest plot shown that CD82, CD46, TFRC, BTNL9, ADAM10,
EPCAM, FGFR4, ENTPD8, PTPRJ, and IL17RA were protective factors for the poor prognosis of gastric cancer patients, IL1IR1, JAM2,
BCAM, CD151, TNFRSF1A, CD36, CD59, CXCR4, SELE, NRP1, CDH2, ITGAS5, ATP1B2, SLC4A1, CD248, TEK, NCAM2, TREM1, GGTS5,
DDR2, ART4, C5AR1, NT5E, PLA2R1, ITGB1, CD109, HAVCR1, INSR, ITGAW and BMPR1B were harmful factors for the poor prog-
nosis of gastric cancer patients. These CD molecules genes were risk factors affecting the prognosis of gastric cancer.

3.2. Construction and function analysis of CD molecules genes related prognostic model in gastric cancer

A total of 41 CD prognosis related genes were used for LASSO Cox regression. We used LASSO regression analysis to build a CD
molecule related prognostic model (Supplemental Fig. 2A). By using multivariate Cox proportional HR analysis, ten CD molecules were
found and used to create prognostic signature for patients OS (Supplemental Fig. 2B), including four low risk genes (IL17RA, PTPRJ,
CD82 and ITGAS5) and six high risk genes (CD151, ART4, CD59, PLA2R1 and NRP1) (Supplemental Fig. 2C). Each patient’s risk value
was computed and ranked in increasing order. The patients of the low-risk group was longer survival time. Next, the heat map showed
that the expression of ten CD molecules, IL17RA, PTPRJ, CD82 and ITGA5 were high-expressed in the low-risk group, and CD161,
ART4, CD59, PLA2R1 and NRP1 were high-expressed in the high-risk group than low-risk group (Supplemental Fig. 2D). To explore the
predictive value of the signature, the Kaplan-Meier survival curves were analyzed. GC patients of high -risk group has shorter OS
(Supplemental Fig. 2E). ROC analysis confirmed that the area under curve (AUC) was 0.649 at 1 year; 0.641 at 2 years, 0.717 at 3 years,
0.71 at 4 years, 0.734 at 5 years, respectively (Supplemental Fig. 2F), AUC values were more than 0.5 regardless of the predicted
survival time at 1, 2, 3, 4, 5-year survival in the training set.
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3.3. Comparison of the immune microenvironment and the immune checkpoint molecules expression of prognosis related CD molecular
genes

We employed CIBERSORT to analyze the difference of 22 immune cells in between high risk and low risk groups for each gastric
cancer tissues. The heatmap of the tumor infiltrating immune cells expression was showed in high/low risk groups, red indicated high
risk group and blue indicated low risk group (Fig. 2A). The composition of TIICs remained basically the same, mainly composed of T
cells CD4 memory, Dendritic cells (DC), NK cells, Macrophages, and Mast cells. Wilcoxon test analysis showed Plasma cells, T cells
follicular helper, NK cells activated, Macrophages MO, was higher infiltration, and Monocytes, Macrophages M2, and Mast cells resting
were lower infiltration in the low-risk group than high-risk group (Fig. 2B).

Immune blocking checkpoint (ICB) related gene expression levels were correlated with therapeutic response of immune checkpoint
inhibitors and targeted ICB checkpoints has emerged as promising strategy in cancers treatment [14,15]. To better explore the po-
tential of CD molecules for predicting the response of gastric cancer patients to immunotherapy, we analyzed the expression of immune
checkpoint molecules in low-and high-groups of gastric cancer. As shown in Fig. 2C, the expression of immunomodulators (CD200,
CD276, CD86, LAIR1, CD200R1, PDCD1LG2, TNFSF4, SIRPA, and TNFSF18) were significantly reduced in low-risk group than high
risk group of gastric cancer, the expression of LGALS9 was significantly increased in low-risk group. These results suggested that GC

patients with high risk may benefit less from available immune blockade therapy.
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Fig. 3. The expression and CNA of CD molecules genes in GC. (A) The differentially expressed CD molecule genes in tumor compared with normal
group based on the GC-TCGA dataset, Red font indicates upregulated genes, Blue font indicates downregulated genes (*P < 0.05; **P < 0.01; ***P
< 0.001). (B) copy number alteration frequency of CD molecule genes in gastric cancer. (C) Veen diagram shows total of 2 differentially expressed
CD molecule genes in between GC tissue with normal tissues base on TCGA and GSE158662 datasets. (D) The mRNA expression of TREM1 and CD36
was detected in GES-1, AGS, HGC27 cells lines (*P < 0.05; ***P < 0.001).

3.4. The differential expression and copy number alteration of prognosis related CD molecules in gastric cancer
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FGFR4, PTPRJ, HAVCR1, INSR, IL17RA, and ITGAV were significantly upregulated in gastric cancer tissues compared with normal
group (Fig. 3A). cBioPortal shown that the CNA of CD molecules genes in gastric cancer (Fig. 3B). The amplification and CNA fre-
quency of TREM1 (6%), TFRC (7%), FGFR4 (6%), PTPRJ (8%), ITGAV (12%) are significantly upregulated in tumor samples. To
identify key candidate CD molecules involved in GC progression, we analyzed the GEO GSE158662 (Supplementary Fig. 3A) and
GSE103236 (Supplementary Fig. 3B) gastric cancer RNA-seq datasets and screened 2 CD molecules that were significantly differen-
tially expressed in GC compared with normal cancer. The expression of CD36 was significantly decreased in gastric cancer, and the
expression of TREM1 was significantly increased in gastric cancer (Supplementary Figs. 3A and 3B). Venn diagram showed that a total
of 2 CD molecules were differentially expressed in between gastric cancer tissues and normal tissues based on TCGA dataset and GEO of
gastric cancer (Fig. 3C). Moreover, the survival time of CD36 high/low expression no significant difference in gastric cancer patients
(Supplementary Fig. 3C). KM survival analysis of TREM1 high/low expression confirmed that the survival time of TREM1 high
expression significantly shorter than TREM1 low expression in gastric patients (Supplementary Fig. 3D). Further, we detected the
expression of TREM1 and CD36 in gastric mucosal epithelial cells (GES-1), and gastric cancer cells (AGS, HGC27). As shown in Fig. 3D,
TREM1 expression was significantly upregulated in AGS and HGC27 cells lines compared with GES-1 cell, CD36 expression was
significantly downregulated in HGC27 and no significantly downregulated in AGS compared with GES-1 cell. Therefore, we further
explored the role of TREM1 by using the functional experiments of vivo and vitro based on CD molecules expression and prognosis
analysis.

3.5. Knockdown of TREM1 inhibited cell proliferation, migration and induced cell apoptosis in GC cells

The role of TREM1 in GC cells is still unclear. We investigated the role of TREM1 in GC cells. First, RT-qPCR assays showed that
TREM1 expression was significantly reduced in TREM1 shRNA group (Fig. 4A). Knockdown of TREM1 inhibited the proliferation of
AGS and HGC27 cell lines, as shown by the CCK-8 assay (Fig. 4B). Colon formation assay results shown that knockdown of TREM1
decreased the cell growth number of AGS and HGC27 cell lines (Fig. 4C and D). Next, we analyzed the effect of TREM1 on the apoptosis
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Fig. 6. TREMI silencing inhibited tumor growth and tumor volume by downregulated MAPK signaling pathway. (A and B) Tumor growth of TREM1
shRNA, Control, TREM1 shRNA + SB203580. (C) Tumor weight was measured. (D) Tumor volume was measured at 0, 3, 5, 7, 10, 13, 15, 18, 21
days. Data are presented as mean =+ SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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of AGS and HGC27 cell lines using flow cytometry. We found that knockdown of TREM1 increased the cell apoptotic rates (Fig. 4E and
F). In addition, transwell assay revealed that cell migration was reduced in the TREM1 shRNA group compared with the control group
(Fig. 4G and H). Collectively, these results suggested that knockdown of TREM1 inhibited cell proliferation, migration and promoted
cell apoptosis in GC cells.

3.6. MAPK pathway was activated by TREM1 in gastric cancer

To further investigate the potential mechanism of TREM1 in gastric cancer, Gene set enrichment analysis was performed to explore
the involved Hallmark and KEGG functional pathways of high/low expression of TREM1. The hallmark of the TREM1 high expression
group is shown in Fig. 5A, including HALLMARK KRAS signaling, IL2-STATS5 signaling, Inflammatory response, G2M checkpoint,
Angiogenesis, Epithelial mesenchymal transition. The KEGG pathways of the high expression of TREM1 are shown in Fig. 5B, including
MARK signaling pathway, Vascular smooth muscle contraction, Focal adhesion, cell adhesion molecules, Calcium signaling pathway,
Neuroactive ligand receptor interaction. High expression of TREM1 significantly activated MARK signaling pathway in gastric cancer
by GSEA analysis. Mitogen-activated protein kinase (MAPK) signaling pathway is the basic pathway in mammalian cells, which is
closely related to cell proliferation, differentiation, apoptosis, angiogenesis and other physiological activities. The abnormal activation
of some proteins in the MAPK pathway is an important cause of various cancers including gastric cancer. Therefore, intervention of this
pathway can be used as one of the strategies for tumor treatment.

Immune cells in the tumor microenvironment (TME) play an essential role in tumor progression. We used Cibersort to analyze the
relationship between TREM1 expression and immune cell infiltration. We found that low expression of TREM1 was related with plasma
cells, T cells follicular helper, NK cells activated, Macrophages MO immune cell infiltration; high expression of TREM1 was related with
Monocytes, Macrophages M2, Mast cells resting immune cell infiltration (Supplementary Fig. 4).

3.7. TREM1 inhibited tumor growth through downregulated MAPK signaling pathway in vivo

To understand the importance of the MAPK pathway in TREM1 medicated gastric cancer, we performed joint experiments using the
MAPK inhibitor (SB2023580) + TREM1 shRNA in xenograft mouse models. As shown in Fig. 6A and B, the TREM1 shRNA group
significantly suppressed tumor growth compared with control group, TREM1 shRNA + SB2023580 significantly inhibited tumor
growth compared with TREM1 shRNA group and Control group, including tumor weight (Fig. 6C) and tumor volume (Fig. 6D). We
further confirmed that MAPK signaling is responsible for the carcinogenic function of TREM1.

4. Discussion

CD molecules play an crucial role in the mechanism of tumor immune response, which involved in the occurrence of inflammation
and the development and metastasis of tumor cells [16]. However, the value of CD molecules in evaluating the clinical prognosis of
gastric cancer patients has not been reported. Kaplan-Meier curves analysis and univariate Cox regression analysis revealed that a total
of 38 overall survival associated CD molecule genes in gastric cancer. Among, CD82, CD46, TFRC, BTNL9, ADAM10, EPCAM, FGFR4,
ENTPDS8, PTPRJ, and IL17RA were a protective factor for the poor prognosis of gastric cancer patients, IL1R1, JAM2, BCAM, CD151,
TNFRSF1A, CD36, CD59, CXCR4, SELE, NRP1, CDH2, ITGA5, ATP1B2, SLC4A1, CD248, TEK, NCAM2, TREM1, GGT5, DDR2, ART4,
C5AR1, NT5E, PLA2R1, ITGB1, CD109, HAVCRI1, INSR, ITGAW and BMPR1B were harmful factors for the poor prognosis of gastric
cancer patients.

NRP1 expression was upregulated in gastric cancer tissues and associated with the poor overall survival [17]. Low expression of
PLA2R1 was associated with poor disease-free survival, upregulation of PLA2R1 inhibited thyroid cancer cell proliferation, invasion
and migration by inhibiting the activation of the Wnt/p-catenin pathway [18]. EGFR/Wnt/p-catenin increased the CD55/CD59
expression play a key role in suppressing complement and CD8+T cell activation to achieve tumor immune escape and immune
checkpoint blockade resistance [19]. CD151 was high expressed and associated with poor prognosis, high TNM stage, depth of in-
vasion in GC patients [20]. High expression of CD73 (Ecto-5-nucleotidase (NT5E)) was an independent predictor for poor prognostic
factor for gastric cancer patients [21]. Integrin subunit alpha 5 (ITGA5) high expression was associated with poor prognosis and
immune infiltration of gastrointestinal tumors patients [22]. High expression of IL-17RA was associated with GC patient’s overall
survival [23]. These CD molecules genes were independent risk factors for poor OS in gastric cancer.

Tumor microenvironment (TME) play a critical effect on tumors incidence and development [24]. CD molecules risk score is
significantly correlated with the immune microenvironment of gastric cancer [25]. The expressed glycoproteins in immune infiltrates
surface can be used as biomarkers for immune cells classification. CD molecules also affect the pro-tumor or anti-tumor activity of
immune cells [26]. T cells follicular helper, NK cells activated, Macrophages MO, was higher infiltration, and Monocytes, Macrophages
M2, and Mast cells resting in the low group were lower infiltration than high-risk group. More importantly, some scholars have
proposed that targeted treatment of CD molecules can effectively improve the microenvironment of immunosuppression, which may
provide a new window for tumor immunotherapy [27].

Next, TREM1 was identified differentially expressed Key CD molecules in between GC tissues with normal tissues. TREM1 is a
member of the Ig-like immunoregulatory receptor family and a major amplifier of innate immune responses [28]. TREML is clinically
valuable diagnostic and prognostic biomarker in cancer [29]. Previous study has reported that downregulation of TREM1 suppressed
invasion and migration of liver cancer cells by mediating macrophage polarization [11]. In this study, we found that TREM1 was
upregulated in gastric cancer tissues compared with normal tissues, and high expression of TREM1 was associated with poor prognosis
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of gastric cancer patients. The amplification and CAN frequency of TREM1 was 6% in gastric cancer patients. In vitro, TREM1 silencing
inhibited cell proliferation, migration and induced cell apoptosis in gastric cancer cells.

We used GSEA analysis to investigate the possible molecular pathways of TREM1 to better explore the underlying biological
process. HALLMARK pathways revealed that TREM1 involved in cancer related pathway, including KRAS signaling [30], IL2-STAT5
signaling [31], Inflammatory response [32], G2M checkpoint [33], Angiogenesis and epithelial mesenchymal transition [34]. KEGG
enrichment results revealed that TREM1 activated MAPK signaling pathway [35], Vascular smooth muscle contraction [36], focal
adhesion [37], adhesion molecules, Calcium signaling pathway [38], and neuroactive ligand receptor interaction. Tumor associated
cellular malignant phenotypes and pathways were significant enriched in high expression of TREM1 of gastric cancer. MAPK pathways
plays an important role in the regulation of tumor cell proliferation and differentiation, and was closely related to cell apoptosis [39,
40]. MAPK was highly expressed in gastric cancer, and could play a role in the occurrence and metastasis of gastric cancer [35]. It has
the function of oncogene in gastric cancer [41]. Inhibition of MAPK pathway reduced the proliferation and metastasis of gastric cancer
cells [42]. In addition, clinical anti-gastric cancer drugs such as cisplatin and gemcitabine induced apoptosis of cancer cells by MAPK
dependent manner [43]. We found that TREM1 significantly activated MAPK signaling pathway in gastric cancer. We further explored
that TREM1 silencing + SB203580 significantly inhibited tumor growth and tumor volume in vivo mice model. Therefore, TREM1
silencing combined with MAPK inhibitor (SB203580) provides a theoretical basis for development of new anti-tumor methods.

Our findings establish a novel prognosis signature based on survival related CD molecules in GC. These results identified that CD
molecule related genes as a novel prognostic and diagnostic biomarker in gastric cancer. Further, we identified that TREM1 was key
genes in GC progression. TREM1 silencing significantly inhibited cell proliferation, migration and induced cell apoptosis in GC cells.
TREM1 acts as an oncogene role in GC by activated MAPK signaling pathway.

Our study had some limitations, we did not elucidate the molecular mechanism of TREM1 activates MAPK signaling pathway. We
have not studied how the abnormal expression of TREM1 in GC. It is worthwhile to further investigate TREM1 upstream regulate factor
in GC. We next explored that the molecular mechanism of TREM1 activated MAPK signaling pathway. The role of TREM1 in GC still
needs to be further explored.

5. Conclusion
Prognosis related CD molecules genes were identified and associated with immune microenvironment and immune checkpoint
molecules expression of gastric cancer, which may help to reveal the pathogenesis of gastric cancer and provide new ideas for its

diagnosis and treatment. Importantly, TREM1 upregulation was associated with poor prognosis of gastric cancer patients. TREM1
promoted cell proliferation, migration and tumor growth in gastric cancer cells through activated MAPK signaling pathway.
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