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RAI14 Is a Prognostic Biomarker and Correlated
With Immune Cell Infiltrates in Gastric Cancer
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Xue Meng, MMed1 , Tingting Wu, MMed1, Qian Zhou, MMed1,
Yujia Wang, MMed1, and Bangxian Tan, MD1

Abstract
Objective: To analyze the expression and clinical significance of retinoic acid-induced protein 14 (RAI14) in gastric cancer and its
relationship with immune cell infiltration by mining databases such as Oncomine, TIMER, UALCAN, and Kaplan Meier Plotter.
Methods: RAI14 expression in various cancer types was analyzed using the Oncomine and TIMER databases. We used the
Kaplan-Meier Plotter and UALCAN databases to evaluate the impact of RAI14 on clinicopathological parameters in gastric cancer.
The correlation between RAI14 expression and immune cell invasion was studied using TIMER. TIMER was also used to analyze
the correlation between RAI14 expression and marker levels of tumor-infiltrating immune cells. Results: High RAI14 expression
in gastric cancer was significantly associated with poor overall survival (OS; hazard ratio [HR]¼ 1.82, 95% confidence interval [CI]
¼ 1.53–2.15, P < 0.001) and poor progression-free survival (PFS; HR ¼ 2.16, 95% CI ¼ 1.77–2.65, P < 0.001). Furthermore, high
RAI14 expression was significantly associated with poor prognosis of patients with stage 2–4 gastric cancer, but not with OS and
PFS of stage 1 patients (OS P ¼ 0.17; PFS P ¼ 0.09), and patients with stage N0 PFS had nothing to do (PFS P ¼ 0.238). RAI14
expression was positively correlated with the infiltration levels of monocytes, tumor-associated macrophages, macrophages,
neutrophils, and Treg cells in gastric cancer. Besides, RAI14 expression was closely related to various marker genes in immune
cells. Conclusion: RAI14 is highly expressed in gastric cancer, and its expression level is correlated with the prognosis of patients
with gastric cancer. RAI14 plays also an important role in the recruitment and regulation of infiltrating immune cells and is, thus,
expected to become a target for the optimal treatment of gastric cancer.
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Introduction

Gastric cancer is one of the most common malignancies world-

wide. The latest data from GLOBCAN show for 2018 more than

1,000,000 new cases of gastric cancer and 783,000 deaths. The

incidence of gastric cancer ranks fifth in the global incidence of

cancer, and the death rate ranks third.1 The detection rate of early

gastric cancer is low; about 40% of patients with gastric cancer
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are advanced at the time of diagnosis.2 Treatment options for

advanced gastric cancer are limited, and the prognosis is poor.

Chemotherapy is the first choice for patients with advanced

gastric cancer, but chemotherapy can cause serious adverse

reactions and has a high rate of drug resistance. Immune-

related mechanisms play an important role in gastric cancer, and

immunotherapy is considered a promising strategy for gastric

cancer treatment.3,4 The successive discovery of cytotoxic T

lymphocyte-associated antigen 4 (CTLA4), programmed death

receptor 1 (PD-1), and programmed death-ligand 1 (PD-L1) has

ushered in a new era of tumor treatment.5-7 CTLA4 inhibitors,

PD-1 inhibitors, and PD-L1 inhibitors have shown promising

antitumor effects in malignant melanoma and non-small cell

lung cancer.8 However, the current immunotherapy with anti-

CTLA4 antibodies has shown poor clinical efficacy in gastric

cancer,9 whereas anti-PD-1 and anti-PD-L1 antibodies have

shown partial effects in advanced gastric cancer.10,11 In addi-

tion, an increasing number of studies have found that tumor-

infiltrating lymphocytes, tumor-associated macrophages

(TAMs), and tumor-infiltrating neutrophils can affect the prog-

nosis and efficacy of chemotherapy and immunotherapy.12,13

Therefore, there is an urgent need to identify new markers as

targets for gastric cancer immunotherapy.

Retinoic acid-induced protein 14 (RAI14) was originally

discovered in human retinal pigment epithelial cells induced

by all-trans retinoic acid.14 Subsequent research found that

RAI14 is closely related to the cytoskeleton and is highly

expressed in human testicular tissue and sperm.15 Recent stud-

ies have found that RAI14 may be related to the proliferation

and invasion of cancer cells in certain malignancies. RAI14 is

highly expressed in gastric cancer, and its expression level is

related to poor prognosis of patients with gastric cancer.16

However, the potential functions and mechanisms of RAI14

in tumor progression and tumor immunology remain unclear.

In this study, we comprehensively analyzed the expression

of RAI14 and its correlation with the prognosis of gastric cancer

patients in databases such as Oncomine, UALCAN, and

Kaplan-Meier Plotter. In addition, we investigated the correla-

tion between RAI14 and tumor-infiltrating immune cells in the

gastric cancer microenvironment through the tumor immune

estimation resource (TIMER). The relationship between RAI14

expression and gastric cancer prognosis, as well as its clinical

significance, were clarified, and the potential relationship and

mechanism between RAI14 and tumor-immune interactions

were elucidated.

Materials and Methods

Our study did not require ethical board approval because it did

not involve human or animal trials.

Oncomine Database Analysis

The Oncomine database was designed to allow the identification

of new biomarkers or new therapeutic targets. It covers The

Cancer Genome Atlas (TCGA) data, GEO data, RNA, and DNA

seq data of currently published literature. As of now, the data-

base has collected a total of 715 gene expression datasets com-

prising 86,733 normal and cancer tissue samples.17 The present

study extracted from this Oncomine database the expression

levels of RAI14 in various types of cancer based on the following

conditions: (1) “Gene: RAI14”; (2) “Analysis type: Cancer VS

normal analysis”; (3) “Cancer type: Gastric cancer”; (4) “Data

type: mRNA”; and (5) critical value settings: P-value < 1E-4,

fold change >1.5, and gene rank ¼ top 10%.

UALCAN Database Analysis

UALCAN (http://ualcan.path.uab.edu) is a tool to mine TCGA

data for tumor-related gene expression and survival analysis.18

We employed the following screening conditions: (1) “Gene:

RAI14”; (2) “Cancer type: Stomach cancer”, and (3) “Subgroup

analysis: Stage and degree of differentiation”. A P-value of <

0.05 was considered statistically significant.

Kaplan-Meier Plotter Database Analysis

The Kaplan-Meier Plotter (https://kmplot.com/analysis/) is an

online database for the prognostic correlation analysis with strong

credibility. It contains 10,461 samples of 1,065 patients with

gastric cancer and can correlate 54,675 genes with the patient

prognosis. The average follow-up time was 33 months.19-22 For

the current study, data were extracted using the following condi-

tions: (1) “Cancer: Gastric cancer”; (2) “Gene: RAI14”; (3) “Split

patients by: Auto select best cut off”; (4) “Survival: OS, PFS,

PPS”; and (5) “Subgroup analysis: Sex, stage, stage T, stage N,

stage M, Lauren classification, differentiation, and Her 2”.

A P-value of < 0.05 was considered statistically significant.

TIMER Database Analysis

TIMER is a comprehensive resource (https://timer.cistrome.

org/) for the systematic analysis of immune invasion in various

malignant tumors. It includes 10,897 samples from 32 cancer

types from TCGA and can be used to analyze the abundance of

genes in tumor tissues.23 We used the TIMER database to

analyze the expression of RAI14 in different types of cancer,

as well as the correlation of RAI14 expression with immune cell

infiltration and immune cell gene markers in gastric cancer.

The differential RAI14 expression data were extracted from the

database. The relationship between RAI14 expression and

immune cell infiltration in gastric cancer was evaluated using

data extracted with the following conditions: (1) “Plate: Gene”;

(2) “Gene symbol: RAI14”; (3) “Cancer type: STAD (stomach

adenocarcinoma)”; and (4) “Immune infiltrates: B cell, CD8þ
T cell, CD4þ T cell, macrophage, neutrophil, and dendritic

cell”. Similarly, the relationships between RAI14 expression

level and marker genes of the infiltrating immune cells were

calculated based on data extracted using the following condi-

tions: (1) “Plate: Correlation”; (2) “Gene symbol (Y-axis):

RAI14”; (3) “Gene symbol (X-axis): B cell, CD8þ T cell,

CD4þ T cell, M1 macrophage, M2 macrophage, neutrophil,
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TAM, dendritic cell, natural killer cell, Th1, Th2, Th17, Tregs,

and T cell exhaustion”; and (4) “Correlation adjusted by: None,

purity, and age”. The scatter plot of RAI14 expression in gastric

cancer for a given immune cell marker gene was generated

together with the Spearman correlation and P-value. Gene

expression levels are shown as log2 RSEM.

Statistical Analysis

The results generated in Oncomine show P-values, fold changes,

and grades. Kaplan Meier Plotter results are displayed along with

the hazard ratio (HR) and P-values of the log-rank test. The cor-

relation between gene expression and immune cell infiltration

was evaluated by Spearman’s correlation and statistical signifi-

cance, and P < 0.05 was considered statistically significant.

Results

mRNA Expression Levels of RAI14 in Different Types
of Human Cancer

To compare the RAI14 expression among multiple cancer types

and with their corresponding normal tissue samples, the Onco-

mine database was used to analyze RAI14 mRNA levels. This

analysis showed that RAI14 expression was increased in breast,

cervical, esophageal, gastric, head and neck cancers, lympho-

mas, and sarcomas compared to normal tissue (Figure 1A).

Decreased expression levels were observed in colorectal and

pancreatic cancer datasets.

To further evaluate RAI14 expression in human cancers, we

validated RAI14 expression using RNA-seq data from multiple

malignancies in TIMER. The differential RAI14 expression

between tumor tissues and normal tissues adjacent to the cancer

according to the TIMER database is shown in Figure 1B. Com-

pared to the adjacent healthy tissue, the expression levels of

RAI14 were significantly (P < 0.05) increased in breast cancer

(BRCA), head and neck cancer (HNSC), kidney chromophore

(KICH), renal papillary cell carcinoma (KIRP), lung adenocar-

cinoma (LUAD), prostate adenocarcinoma (PRAD), gastric

adenocarcinoma (STAD), and endometrial cancer (UCEC).

RAI14 mRNA Expression in Gastric Cancer

In the Oncomine database, 5 datasets in 2 studies showed sta-

tistically significant differences in RAI14 expression between

gastric cancer tissues and normal tissues(Table 1). A meta-

analysis of the 5 datasets found that RAI14 was highly

expressed in gastric cancer tissue compared to normal gastric

tissue (P < 0.001; Figure 2).

Relationship Between RAI14 mRNA Expression and
Clinicopathological Parameters in Patients With Gastric
Cancer

After discovering that RAI14 mRNA is highly expressed in

patients with gastric cancer, we analyzed the relationship

between RAI14 expression and clinicopathological parameters

Figure 1. (A) Increased or decreased RAI14 expression in datasets of different cancers compared with normal tissues in the Oncomine database.

(B) Human RAI14 expression levels in different tumor types from the TCGA database were determined using TIMER. *P < 0.05, **P < 0.01,

***P < 0.001.
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Table 1. Significant Differences in RAI14 Expression at the Transcriptional Level Between Stomach Adenocarcinoma (STAD) and Normal

Stomach Tissues.

Type of gastric cancer vs. normal tissue Fold change P t-test Reference

Gastric intestinal type adenocarcinoma 2.746 4.30E-10 7.810 D’Errico24

Gastric mixed adenocarcinoma 3.046 3.79E-05 9.083 D’Errico24

Diffuse gastric adenocarcinoma 1.777 5.69E-06 5.902 Chen25

Gastric mixed adenocarcinoma 1.858 7.54E-05 5.816 Chen25

Gastric intestinal type adenocarcinoma (Oncomine). 1.564 1.42E-10 7.503 Chen25

Figure 2. (A–E) RAI14 mRNA expression in gastric cancer. (F) Meta-analysis of 5 datasets from 2 studies comparing the RAI14 expression

levels in gastric cancer tissue with those of the corresponding normal tissues.
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of patients with gastric cancer, including the stage of gastric

cancer patients and the degree of tumor differentiation using

the UALCAN database. As shown in Figure 3, RAI14 mRNA

expression was significantly correlated with the stage of gastric

cancer and the degree of tumor differentiation. Patients with

advanced gastric cancer and patients with poorly differentiated

tumors tended to overexpress RAI14 (Figure 3A, B).

Prognostic Potential of RAI14 in Gastric Cancer

Next, the Kaplan-Meier Plotter database was used to analyze

whether RAI14 expression was correlated with the prognosis of

patients with gastric cancer. Figure 4 shows the relationship

between RAI14 expression and prognosis in patients with gas-

tric cancer. The results showed that high RAI14 expression was

associated with poor prognosis in these patients (overall sur-

vival [OS] HR ¼ 1.82, 95% confidence interval [CI] ¼ 1.53 to

2.15, P ¼ 2.9e-12; progression-free survival [PFS] HR ¼ 2.16,

95% CI ¼ 1.77 to 2.65, P ¼ 2.1 e-14; post progression survival

[PPS] HR ¼ 1.7, 95% CI ¼ 1.36 to 2.13, P ¼ 2.2e-06).

In order to better understand the correlation of RAI14 expres-

sion with the prognosis in gastric cancer patients and the under-

lying mechanisms, we analyzed the relationship between RAI14

expression and clinicopathological characteristics of gastric

cancer patients using the Kaplan-Meier Plotter database.

Regarding OS and PFS, overexpression of RAI14 was signifi-

cantly correlated to the highest 3 tumor stages in both male and

female patients across tumor differentiations and Lauren classi-

fications (P < 0.05). Specifically, high RAI14 mRNA expression

was associated with poor OS and PFS in patients with gastric

cancer of stages 2–4, but not of stage 1 (OS P ¼ 0.17; PFS P ¼
0.09). Furthermore, it was not related to PFS in patients with no

regional lymph node metastasis (PFS P¼ 0.238; Table 2). Type

N here refers to lymph node involvement, N0 indicates no

Figure 3. (A) Relationship between RAI14 mRNA expression and individual cancer stages of patients with stomach adenocarcinoma (STAD).

(B) Association of RAI14 mRNA expression with tumor grades in STAD patients. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 4. Correlation between RAI14 expression level and prognosis in gastric cancer in the Kaplan-Meier Plotter.
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regional lymph node metastasis, and N1–N3 indicates regional

lymph node metastasis.26

RAI14 Expression Correlates With Immune Cell
Infiltration in Gastric Cancer

The analysis of data from the Kaplan-Meier Plotter database

showed that the tumor metastasis status was an independent

predictor of prognosis and survival in patients with gastric

cancer. Therefore, we analyzed whether RAI14 expression is

correlated with the level of immune cell invasion in gastric

cancer. The data revealed that increased RAI14 expression

levels were associated with poor prognosis and higher levels

of immune cell infiltration. Thus, RAI14 may play a specific

role in immune cell infiltration in gastric cancers, especially

in CD4þ T cells (r ¼ 0.371, P ¼ 2.10e-13), macrophages

(r¼ 0.475, P¼ 2.92e-22), neutrophils (r¼ 0.153, P¼ 3.08e-03),

and dendritic cells (r ¼ 0.26, P ¼ 3.84e-07; Figure 5).

Table 2. Relationship Between RAI14 mRNA Expression and Gastric Cancer Prognosis Under Different Clinicopathological Factors

in the Kaplan-Meier Plotter.

Clinicopathological characteristics

Overall survival (n ¼ 882) Progression-free survival (n ¼ 646)

n Hazard ratio P n Hazard ratio P

SEX

Female 236 2.15 (1.51-3.05) 1.3E-0.5 201 5.57 (1.72-3.84) 1.70E-06

Male 545 1.78 (1.44-2.20) 9.20E-08 438 2.15 (1.69-2.73) 1.70E-10

STAGE

1 67 2.01 (0.73-5.54) 0.17 60 2.49 (0.84-7.45) 0.09

2 140 1.95 (1.02-3.74) 0.04 131 1.70 (0.92-3.14) 0.086

3 305 1.79 (1.34-2.38) 6.50E-05 186 2.57 (1.76-3.76) 3.80E-07

4 148 1.88 (1.26-2.81) 0.0017 141 2.24 (1.39-3.62) 0.00068

STAGE T

2 241 2.67 (1.75-4.08) 2.30E-06 239 2.68 (1.78-4.05) 1.10E-06

3 204 1.91 (1.33-2.76) 0.00041 204 2.05 (1.44-2.92) 4.80E-05

4 38 2.37 (1.03-5.56) 0.042 39 3.81 (1.58-9.22) 0.0016

STAGE N

0 74 3.55 (1.39-9.06) 0.0046 72 3.64 (1.43-9.27) 0.238

1 225 2.84 (1.88-4.30) 2.10E-07 222 2.90 (1.96-4.29) 2.30E-08

2 121 2.13 (1.35-3.35) 0.00087 125 2.62 (1.67-4.09) 1.30E-05

3 76 2.49 (1.43-4.34) 0.00092 76 3.79 (1.83-7.88) 0.00014

1 þ 2 þ 3 422 2.51 (1.93-3.27) 2.10E-12 423 2.72 (2.11-3.52) 2.10E-15

STAGE M

0 444 2.50 (1.89-3.31) 3.50E-11 443 2.71 (2.08-3.55) 3.10E-14

1 56 2.26 (1.21-4.2) 0.0085 56 1.95 (1.04-3.66) 0.035

LAUREN CLASSIFICATION

intestinal 320 2.35 (1.72-3.24) 6.70E-08 263 3.03 (2.12-4.33) 1.90E-10

diffuse 241 2.13 (1.49-3.06) 2.60E-05 231 2.63 (1.79-3.85) 2.60E-07

mixed 32 3.88 (0.87-17.33) 5.60E-02 28 2.53 (0.80-7.96) 0.1

DIFFERENTIATION

poor 165 1.55 (0.97-2.48) 6.30E-02 121 2.79 (1.50-5.20) 0.00077

moderate 67 2.87 (1.46-5.63) 1.40E-03 67 3.09 (1.61-5.91) 0.00037

good 32 5.61 (2-15.73) 2.80E-04 5

HER2

(-) 641 1.89 (1.51-2.37) 2.10E-08 408 2.22 (1.71-2.88) 6.8E-10

(þ) 425 1.97 (1.51-2.57) 3.30E-07 233 2.32 (1.67-3.23) 0.00000024

Figure 5. Correlation of RAI14 expression with immune cell infiltration in stomach adenocarcinoma (STAD).
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Correlation Between RAI14 Expression and Immune Cell
Marker Genes

Given the role of infiltrating immune cells in STAD, we inves-

tigated next in the TIMER database the correlation between

RAI14 expression and marker genes of various immune cells,

including CD8þ T cells, T cells (general), B cells, monocytes,

TAMs, M1 macrophages, M2 macrophages, neutrophils, NK

cells, and dendritic cells. In addition, different functional T cell

subsets, such as Th1 cells, Th2 cells, follicular helper T cells

(Tfh), Th17 cells, regulatory T cells (Tregs), and depleted T

cells, were analyzed. After adjusting the correlation for purity

and age, the results showed that the RAI14 expression level in

STAD was significantly correlated with most immune marker

sets of various immune cells and different T cell subsets (Table

3).

Interestingly, we found that in STAD, the expression levels

of most monocyte, TAM, and M2 macrophage marker sets

were positively correlated with RAI14 expression (Table 3).

Our data showed that CD86, CD115, the TAM chemokine

(CC motif) ligand CCL-2, CD68, interleukin (IL)-10, as well

as the M2 phenotype markers CD163, VSIG4, and MS4A4A,

were significantly related to RAI14 expression in gastric cancer

(P < 0.0001; Figure 6A-H). These findings suggest that RAI14

may regulate macrophage polarization in gastric cancer.

Increased RAI14 expression levels in gastric cancer were also

related to high infiltration levels of dendritic cells, and the

dendritic cell markers CD1C, NRP1, and ITGAX were closely

related to RAI14 expression (Figure 6I-K). These results are

indicative of a strong relationship between RAI14 expression

and tumor infiltration by dendritic cells.

In addition, for Treg cells, the expression of RAI14 was

positively correlated with the expression of CCR8, STAT5B,

and TGFB1 in gastric cancer (P < 0.0001; Figure 6M-O). Inter-

estingly, TIM-3, a crucial gene that regulates T cell exhaustion,

had a strong positive correlation with RAI14 expression, sug-

gesting that high RAI14 expression plays an important role in

TIM-3-mediated T cell exhaustion. These results further con-

firm that RAI14 is specifically correlated with infiltrating

immune cells in gastric cancer, suggesting that RAI14 plays

a vital role in immune escape mechanisms in the gastric cancer

microenvironment.

Discussion

RAI14, also known as NORPEG, was originally found in

human transretinal pigment epithelial cells induced by all-

trans retinoic acid.14 Studies have shown that RAI14 is

expressed in many mammalian tissues and cells, but mainly

in the retina, placenta, and testes, with a high expression level

in spermatozoa.15 RAI14 is involved in the reorganization of

actin filaments in Sertoli cells during the epithelial cell cycle

and is involved in conferring sperm polarity and testicular cell

adhesion.27 Gu et al.28 found that high expression of RAI14 is

positively correlated with the malignant progression of breast

cancer, indicating a poor prognosis. Knockdown of RAI14

inhibits breast cancer cell proliferation, migration, and invasion

by regulating the cell cycle and epithelial-mesenchymal transi-

tion through the Akt/Cyclin D1, MMP2, MMP9, and ZEB1/E-

cadherin/vimentin pathway. Paez et al.29 have demonstrated

that RAI14 is involved in the regulation of the cytoskeleton

in prostate cancer. However, inconsistent results have been

described in lung adenocarcinomas. Yuan et al.30 found that

among 71 patients with lung adenocarcinoma, 31 patients had

upregulated RAI14 expression, and high expression of RAI14

could inhibit lung cancer cell proliferation. Chen et al.16

reported that RAI14 is substantially upregulated in gastric can-

cer and that higher expression of RAI14 is associated with a

worse prognosis. These authors demonstrated that RAI14

knockdown inhibits migration and invasion of MKN45 and

AGS cells in vitro and that RAI14 knockdown also accelerates

cell apoptosis via downregulation of Bcl-2 and upregulation of

Bax in these cells. Furthermore, downregulation of RAI14 inhi-

bits the activation of the Akt pathway, and reactivation of Akt

by IGF-1 restores the reduced proliferation induced by RAI14

knockdown. He et al.31 retrospectively collected 68 cases of

gastric cancer and matched normal tissues to determine the

expression level of RAI14 protein by immunohistochemical

staining. Their results show that RAI14 is highly expressed

in gastric cancer and that high expression levels of RAI14 may

be an independent predictor of poor prognosis in patients with

gastric cancer.

Our data demonstrate that high expression levels of RAI14

are correlated with poor prognosis in patients with gastric can-

cer. Further analyses revealed that high RAI14 expression can

affect the prognosis of gastric cancer patients with lymph node

metastasis, indicating that RAI14 expression can be used as a

predictor of tumor metastasis. In addition, our analysis showed

that in gastric cancer, the levels of immune cell infiltration and

various immune marker genes are correlated with the expres-

sion level of RAI14. These results further confirm that RAI14

expression plays a vital role in the immune microenvironment

of gastric cancer. This provides theoretical support for studying

the potential role of RAI14 in tumor immunology and its appli-

cation as a biomarker for gastric cancer.

In this study, we used independent datasets from Oncomine

and data from the Kaplan-Meier Plotter database to analyze the

RAI14 expression levels and prognosis in different types of

cancer. By screening the Oncomine and TIMER databases,

we found that RAI14 is highly expressed in gastric cancer tis-

sues compared to normal gastric tissues. Further analyses using

UALCAN and Kaplan-Meier Plotter data indicated that high

RAI14 expression levels are associated with late stage and poor

differentiation of gastric cancer patients. This suggests that

high expression of RAI14 can be used as an independent risk

factor for the poor prognosis of patients with gastric cancer.

The Kaplan-Meier Plotter data also revealed a higher expres-

sion of RAI14 in patients with gastric cancer. This was associated

with poor OS and high HR of PFS in these patients, especially of

gastric cancer in stages II–IV, T2–T4, and N1–N3. Together,

these findings strongly suggest that RAI14 may be a biomarker

for the prognosis of patients with gastric cancer.
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Table 3. Correlation of RAI14 Expression With Immune Cell-Related Genes and Markers in TIMER.

Description Gene marker

None Tumor purity Age

cor P cor P cor P

CD8þ T CD8A 0.081 9.97E-02 0.055 2.85E-01 0.083 9.44E-02

CD8B 0.071 1.48E-01 0.069 1.83E-01 0.074 1.39E-01

T cell CD3D 0.048 3.27E-01 0.008 8.83E-01 0.050 3.16E-01

CD3E 0.067 1.73E-01 0.030 5.55E-01 0.069 1.64E-01

CD2 0.099 4.38E-02 0.068 1.87E-01 0.103 3.89E-02

B cell CD19 0.176 3.16E-04 0.153 2.90E-03 0.182 2.24E-04

CD79A 0.171 4.89E-04 0.132 9.90E-03 0.181 2.53E-04

Monocyte CD86 0.246 4.11E-07 0.222 1.34E-05 0.256 1.75E-07

CD115 (CSF1 R) 0.298 7.52E-10 0.274 5.72E-08 0.305 3.40E-10

TAM CCL2 0.354 1.40E-13 0.336 2.00E-11 0.359 9.12E-14

CD68 0.040 4.14E-01 0.019 7.16E-01 0.047 3.50E-01

IL10 0.270 2.32E-08 0.252 6.85E-07 0.274 2.02E-08

M1 macrophage INOS (NOS2) 0.065 1.87E-01 -0.070 1.73E-01 -0.055 2.72E-01

IRF5 0.091 6.45E-02 0.083 1.05E-01 0.090 7.04E-02

COX2 (PTGS2) 0.360 1.59E-10 0.640 2.59E-10 0.750 5.62E-10

M2 macrophage CD163 0.297 7.83E-10 0.282 2.25E-08 0.307 2.94E-10

VSIG4 0.292 1.58E-09 0.297 3.62E-09 0.294 1.69E-09

MS4A4A 0.294 1.25E-09 0.286 1.50E-08 0.299 8.37E-10

Neutrophil CD666 (CEACAM8) 0.086 7.87E-02 0.095 6.55E-02 0.086 8.28E-02

CD116 (ITGAM) 0.324 1.66E-11 0.318 2.50E-10 0.332 7.10E-12

CCR7 0.238 9.42E-07 0.206 5.48E-05 0.242 8.23E-07

Natural killer cell KIR2DL1 0.148 2.56E-03 0.133 9.56E-03 0.153 2.00E-03

KIR2DL3 0.126 1.01E-02 0.092 7.50E-02 0.143 3.94E-03

KIR2DL4 -0.085 8.47E-02 -0.120 1.99E-02 -0.070 1.60E-01

KIR3DL1 0.084 8.62E-02 0.054 2.96E-02 0.089 7.36E-02

KIR3DL2 0.096 5.19E-02 0.063 2.22E-01 0.100 4.48E-02

KIR3DL3 -0.028 5.67E-01 -0.040 4.38E-01 -0.070 5.91E-01

KIR2DS4 0.033 5.07E-01 0.004 9.32E-01 0.034 5.00E-01

Dendritic cell HLA-DPB1 0.077 1.60E-01 0.034 5.14E-01 0.077 1.21E-01

HLA-DQB1 -0.001 9.81E-01 -0.040 4.39E-01 -0.003 9.48E-01

HLA-DRA 0.005 9.20E-01 -0.026 6.09E-01 0.009 8.62E-01

HLA-DPA1 0.033 4.99E-01 -0.004 9.33E-01 0.035 4.87E-01

BDCA-1 (CD1C) 0.278 8.89E-09 0.252 6.54E-07 0.278 1.31E-08

BDCA-4 (NRP1) 0.585 0.00Eþ00 0.580 2.13E-35 0.590 2.31E-39

CD11c (ITGAX) 0.279 8.18E-09 0.245 1.39E-06 0.293 1.91E-09

Th1 T-bet (TBX21) 0.075 1.29E-01 0.038 4.61E-01 0.079 1.14E-01

STAT4 0.243 6.07E-07 0.218 1.77E-05 0.243 7.37E-07

STAT1 -0.069 1.61E-01 -0.076 1.39E-01 -0.063 2.04E-01

IFN-g (IFNG) -0.116 1.77E-02 -0.140 6.26E-03 -0.110 2.65E-02

TNF-a (TNF) 0.093 5.72E-02 0.060 2.45E-01 0.106 3.21E-02

Th2 GATA3 0.164 8.28E-04 0.151 3.16E-03 0.156 1.63E-03

STAT6 -0.011 8.29E-01 -0.017 7.47E-01 -0.005 9.25E-01

STAT5A 0.175 3.42E-04 0.171 8.30E-04 0.178 3.25E-04

IL13 0.061 2.16E-01 0.062 2.29E-01 0.072 1.49E-01

Tfh BCL6 0.427 0.00Eþ00 0.404 2.63E-16 0.421 7.45E-19

IL21 0.005 9.14E-01 -0.003 9.51E-01 0.013 7.93E-01

Th17 STAT3 0.378 1.24E-15 0.359 5.54E-13 0.377 4.05E-15

IL17A -0.094 5.56E-02 -0.116 2.41E-02 -0.094 5.84E-02

Treg FOXP3 0.078 1.14E-01 0.040 4.39E-01 0.086 8.28E-02

CCR8 0.234 1.38E-06 0.220 1.49E-05 0.240 1.02E-06

STAT5B 0.484 0.00Eþ00 0.464 1.14E-21 0.487 1.49E-25

TGFb (TGFB1) 0.373 4.07E-15 0.349 2.89E-12 0.368 2.00E-14

T cell exhaustion PD-1 (PDCD1) -0.047 3.36E-01 -0.079 1.25E-01 -0.044 3.78E-01

CTLA4 0.028 5.74E-01 -0.001 9.89E-01 0.032 5.20E-01

LAG3 -0.01 8.36E-01 -0.042 4.13E-01 -0.001 9.80E-01

TIM-3 (HAVCR2) 0.189 1.15E-04 0.171 8.39E-04 0.198 6.12E-05

GZMB -0.05 3.12E-01 -0.097 6.02E-02 -0.039 4.32E-01
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Another important aspect of this study is that in gastric can-

cer, RAI14 expression was correlated with multiple aspects of

immune cell infiltration. The expression levels of RAI14 showed

significant positive correlations with the infiltration levels of

monocytes, macrophages, dendritic cells, Tregs, and Tfhs in the

microenvironment of gastric cancer tissue. Furthermore, the

correlation between RAI14 expression and immune cell marker

genes suggests a role for RAI14 in the regulation of the immune

response in gastric cancer. A growing body of evidence has

shown that TAMs play a very important role in the occurrence

and development of malignant tumors, their invasion, metasta-

sis, and immune evasion, as well as in angiogenesis and lym-

phangiogenesis.32,33 Macrophages in tumor tissues mostly have

M2 phenotypes and functions, suggesting a special microenvir-

onment that promotes the differentiation of macrophages toward

M2 polarization in tumor tissues.34 The expression level of

RAI14 in gastric cancer tissues was significantly positively cor-

related with M2 macrophage markers (CD163, VSIG4, and

MS4A4A) and TAM markers (CCL2 and IL-10), indicating a

regulatory role of RAI14 in TAM polarization. Tregs are a subset

of T lymphocytes with immunoregulatory functions, which have

2 characteristics: immunosuppression and prevention of auto-

immune responses.35 The present study found that RAI14

expression was positively correlated with the levels of Treg

markers (CCR8, STAT5B, and TGFB1), indicating that RAI14

may have the potential to activate Tregs. However, STAT5B

and TGFB1 are not specific to Treg cells. TGFB1 is indeed a

marker of immunosuppressed states but can also be expressed by

tumor cells. Further studies are needed to determine whether

RAI14 is a crucial factor that mediates TGFB1-dependent

immune escape in the gastric cancer microenvironment.

The dendritic cell marker genes CD1C, NRP1, and ITGAX

were also closely related to RAI14 expression, indicating a

strong relationship between RAI14 and the infiltration of den-

dritic cells. Dendritic cells can promote tumor metastasis by

increasing the number of Treg cells and reducing CD8þ T cell

cytotoxicity.36 Further studies are needed to determine whether

RAI14 is a crucial factor that mediates dendritic cell-associated

tumor metastasis. In summary, these findings suggest that

RAI14 plays an important role in the recruitment and regulation

of infiltrating immune cells in gastric cancer.

Recent studies provide possible mechanisms that explain

why RAI14 expression correlates with immune cell infiltration

and poor prognosis. As an immune-stimulatory ligand, lipopo-

lysaccharide (LPS) is known for its role in intestinal inflamma-

tion and cancer progression through activation of the Toll-like

Figure 6. Correlation between RAI14 expression and marker genes of monocytes (A, B), tumor-associated macrophages (C-E), M2 macro-

phages (F-H), dendritic cells (I-K), follicular helper T cells (L), and regulatory T cells (M-O) in stomach adenocarcinoma (STAD).

Xiao et al 9



receptor 4 (TLR4), which interacts with LPS from gram-

negative bacteria, and nuclear factor (NF)-kB pathways.37,38

LPS and tumor necrosis factor (TNF)-a stimulation result in the

upregulation of RAI14 mRNA and protein levels in a dose- and

time-dependent manner.39 After blocking TLR4 or clearing the

gut from gram-negative bacteria using polymyxin B, the num-

bers of CD8þ and CD4þ T cells, as well as MHCIIþ cells, are

significantly increased in colorectal tumor tissue, whereas the

percentage of myeloid-derived suppressor cells is significantly

reduced. Under these conditions, the expression of the tumor-

promoting inflammatory cytokines IL-1b, IL-6, and PTGS2 is

decreased, whereas the expression levels of the tumor-

infiltrating lymphocytes (TILs) chemokines CXCL9 and

CXCL10 are increased.40 Downregulation of RAI14 effectively

prevents the LPS-induced upregulation of the pro-

inflammatory factors IL-1b, IL-6, and TNF-a at the mRNA

level.41 RAI14 knockdown also significantly attenuates the

level of pro-inflammatory cytokines by inhibiting the IKK/

NF-kB pathway.16 Since LPS promotes cancer metastasis,

potentially via NF-kB activation, interactions between RAI14

and LPS oligosaccharides could be a potential mechanism

responsible for the correlation of RAI14 expression with

immune cell infiltration and poor prognosis in gastric cancer.

There were some limitations in our study. First, although

high mRNA expressions of RAI14 were independent prognos-

tic factors for shorter OS of gastric cancer patients, all the data

analyzed in our study was retrieved from the online databases,

further studies consist of larger sample sizes are required to

validate our findings and to explore the clinical application of

the RAI14 in the treatment of gastric cancer. Second, we did not

assess the potential diagnostic and therapeutic roles of RAI14 in

gastric cancer, so future studies are needed to explore whether

RAI14 could be exploited as diagnostic markers or as therapeu-

tic targets. Finally, we did not explore the potential mechan-

isms of distinct RAI14 in gastric cancer. Future studies worth to

investigate the detailed mechanism between distinct RAI14

and gastric cancer.

Conclusion

In gastric cancer, high RAI14 expression is associated with

poor prognosis and increased tumor infiltration of immune

cells such as CD4þ T cells, macrophages, neutrophils, and

dendritic cells. RAI14 expression may help regulate tumor-

associated macrophages, dendritic cells, and regulatory T cells.

Therefore, RAI14 may play an important role in infiltrating

immune cells and may serve as a prognostic biomarker for

patients with gastric cancer.
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