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The Potential Role of IL1RAP on Tumor
Microenvironment-Related Inflammatory
Factors in Stomach Adenocarcinoma
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Abstract
This study was performed to investigate the role of interleukin-1 receptor accessory protein (IL1RAP) in stomach carcinoma in
vitro and in vivo, determine whether IL1RAP knockdown could regulate the development of stomach carcinoma, and elucidate
the relationship between IL1RAP knockdown and inflammation by tumor microenvironment-related inflammatory factors in
stomach carcinoma. We first used TCGA and GEPIA systems to predict the potential function of IL1RAP. Second, western blot
and RT-PCR were used to analyze the expression, or mRNA level, of IL1RAP at different tissue or cell lines. Third, the occurrence
and development of stomach carcinoma in vitro and in vivo were observed by using IL1RAP knockdown lentivirus. Finally, the
inflammation of stomach carcinoma in vitro and in vivo was observed. Results show that in GEPIA and TCGA systems, IL1RAP
expression in STAD tumor tissue was higher than normal, and high expression of IL1RAP in STAD patients had a worse
prognostic outcome. Besides, GSEA shown IL1RAP was negative correlation of apopopsis, TLR4 and NF-kB signaling pathway.
We also predicted that IL1RAP may related to IL-1 s, IL-33, and IL-36 s in STAD. The IL1RAP expression and mRNA level in
tumor, or MGC803, cells were increased. Furthermore, IL1RAP knockdown by lentivirus could inhibit stomach carcinoma
development in vitro and in vivo through weakening tumor cell proliferation, migration, invasion, therefore reducing tumor
volume, weight, and biomarker levels, and increasing apoptotic level. Finally, we found IL1RAP knockdown could increase
inflammation of tumor microenvironment-related inflammatory factors of stomach carcinoma, in vitro and in vivo. Our study
demonstrates that IL1RAP is possibly able to regulate inflammation and apoptosis in stomach carcinoma. Furthermore, TLR4,
NF-kB, IL-1 s, IL-33, and IL-36 s maybe the downstream target factor of IL1RAP in inflammation. These results may provide a new
strategy for stomach carcinoma development by regulating inflammation.
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Introduction

Gastric cancer remains one of the major causes of malignant

disease morbidity and mortality.1 Helicobacter pylori virulence

factors can induce an inflammatory response in the gastric

mucosa and play a vital role in the development of stomach

carcinoma.2

Epithelial cells, as well as macrophages and neutrophils,

infiltrate into the gastric mucosa and release antimicrobial

compounds, such as interleukin (IL), tumor necrosis factor, and

matrix metalloproteinases.3,4 Inflammatory stimulation

is required for the induction of the nuclear factor kappa B

(NF-kB) and Toll-like receptor 4 (TLR4) signaling pathways,

which could lead to the expression of the abovementioned

pro-inflammatory cytokines.5,6

The tumor microenvironment harbors multiple immunosup-

pressive mechanisms, many of which involve suppressing the

immune cells that can release ILs and affect tumor progres-

sion7; therefore, analysis of the markers of inflammation, with

respect specifically to cell of origin and growth regulation, will

1 Department of Gastrointestinal Surgery, Wuhan Union Hospital, Wuhan,

Hubei, China

Corresponding Author:

Zhiyong Wang, Department of Gastrointestinal Surgery, Wuhan Union

Hospital, No. 1277 Jiefang Road, Wuhan, Hubei 430022, China.

Email: zhiywang36@126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Technology in Cancer Research &
Treatment
Volume 20: 1-11
ª The Author(s) 2021
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1533033821995282
journals.sagepub.com/home/tct

https://orcid.org/0000-0002-4596-2655
https://orcid.org/0000-0002-4596-2655
mailto:zhiywang36@126.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1533033821995282
http://journals.sagepub.com/home/tct


be useful for treatment, prophylaxis, and prevention of stomach

carcinomas.

The surface molecule IL-1 receptor accessory protein

(IL1RAP; also IL-1R3, IL-RAcP) has been reported to be con-

sistently overexpressed across multiple genetic subtypes of

acute myeloid leukemia and has emerged as a novel therapeutic

target.8 IL1RAP is involved in 3 signaling pathways that affect

many IL-1 family cytokines (IL-1a, IL-1b, IL-33, IL-36b, and

IL-36g) in several diseases9; however, the mechanism of

IL1RAP in the inflammation of stomach carcinoma is not fully

understood.

In this study, we focused on the role of IL1RAP in stomach

carcinoma and used a lentivirus to knockdown IL1RAP to

boost inflammation progression and tumor development

in vitro and in vivo. Our findings indicate that IL1RAP may

affect inflammation and tumor development in stomach carci-

noma. These results may provide a new strategy to research

stomach carcinoma development by inflammation progress.

Materials and Methods

The Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-

STAD) genomic datasets were analyzed using gene expression

profiling interactive analysis (GEPIA, https://gepia.cancer-

pku.cn/). The results were automatically generated by selecting

different modules. Specific quantified values and expression

profiles in different cancer types were generated in the “general

information” module. The expression profile assay and isoform

analysis in the boxplot for IL1RAP expression were generated

using the “profile” and “box plot” functions in the “expression

DIY” module. Survival analysis was performed in the “survival

analysis” module.

GSEA (4.0.3) was used to analyze TCGA-STAD data.

According to the median expression of IL1RAP in TCGA,

patients were divided into IL1RAP high expression group and

IL1RAP low expression group. Analysis parameters—Gene set

“c2. Cp. Reactome. Version. Symbols. GMT”—were down-

loaded from the molecular signature database (http://soft

ware.broadinstitute.org/gsea/msigdb/index.jsp) and used for

analysis of enrichment, and 1000 permutations were performed

for each gene set analysis to obtain a normalized enrichment

score (NES). FDR <0.25 and P <0.05 were considered as sig-

nificant enrichment.

We selected 25 patients pathologically diagnosed with sto-

mach carcinoma by the gastrointestinal-surgery department in

our hospital from July 2018 to July 2019 and used the para-

carcinoma tissue as a control. All patients provided informed

consent, and the experimental design was approved by the

Ethics Committee of our hospital.

GES-1 is a human normal gastric mucosa cell line, and

AGS, SGC-7901, and MGC803 are stomach carcinoma cell

lines. Cells were cultured in RPMI-1640 medium (Thermo

Fisher Scientific, Inc., Waltham, MA, USA) containing 10%
FBS and PenStrep (100 U/mL penicillin and 100 mg/mL strep-

tomycin) in an incubator maintained at 5% CO2 and 37�C and

trypsinized in a 0.25% trypsin solution containing 0.02%
EDTA, as described previously.10

Healthy, 2-day- or 4-week-old, male BALB/c mice were

supplied by Liaoning Changsheng Biotechnology Co., Ltd.

(Shenyang, Liaoning, China). Mice were housed in a tempera-

ture- and light-controlled environment under pathogen-free

conditions and provided with unlimited access to food and

water. Mice were cared for in strict accordance with the Guide

for the Care and Use of Laboratory Animals (NIH Publication

No. 85–23, revised 1996), and the experimental design was

approved by the Ethics Committee of our hospital.

The cell lines used in this study were as follows: GES-1

(CL-0563, Procell, Wuhan, China), AGS (CL-0022), SGC-

7901, and MGC803 (ML-CS-0276, ATCC, Manassas, VA,

USA).

The following primary antibodies were obtained from

Abcam Inc. (Cambridge, MA, USA): Anti-IL1RAP (ab8110),

Anti-CEA (ab207718), Anti-CA199 (ab3982), Anti-c-Met

(ab51067), Anti-TLR4 (ab13556), Anti-IL-1a (ab227482),

Anti-IL-1b (ab2105), Anti-IL-33 (ab207737), Anti-IL-36b
(ab180890), and Anti-IL-36g (ab180894). The primary antibo-

dies Anti-NF-kB (BM3940) and Anti-b-actin (M01263-2)

were purchased from Boster (Wuhan, Chin). The secondary

antibodies conjugated to horseradish peroxidase—anti-rabbit

IgG (HþL) (AS014) and anti-mouse IgG (HþL) (AS003)—

were purchased from ABclonal (Wuhan, China).

IL1RAP knockdown was achieved by using an active lenti-

virus (sh-IL1RAP) designed and chemically synthesized by

GenePharma Corporation (Shanghai, China). Lentiviral vectors

were stored at �80�C. Stomach carcinoma cells were inocu-

lated into 6-well plates at 2� 105 cells/well, and the serum-free

medium was replaced after the cell density passed 70%. Next,

10 mL of the lentivirus was diluted in the cell medium and

incubated for 6 h. Protein or mRNA was collected after 72 h.

Cells transfected with lentivirus were used to establish a sto-

mach carcinoma mouse model after the passage. The sequences

of the IL1RAP lentiviruses are listed in Table 1.

The subjects were randomly divided into 3 groups (n ¼ 6 in

each group): (1) control group: untreated MGC803 cells or

mice that received MGC803 injection; (2) sh-IL1RAP group:

MGC803 cells treated with sh-IL1RAP or mice that received

MGC803 injection and were then treated with sh-IL1RAP

injection; (3) control-sh-IL1RAP group: MGC803 cells treated

with IL1RAP control lentivirus or mice that underwent

MGC803 injection and were treated with IL1RAP control len-

tivirus injection.

Table 1. The Name and Sequence of IL1RAP Lentivirus.

Name Sequence

sh-IL1RAP-421 50-TTTTATGGAATCCTGCAAAG-30

sh-IL1RAP-662 50-TTAGTAAGGAGAAAGATGTG-30

sh-IL1RAP-1146 50-CTATGAGAAAGAACCAGGAG-30

Negative Control 50-TTGCCCCTCCCTTTAATATC-30

control-shIL1RAP 50-CATCGTCATGTGATCATCAC-30
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Four-week-old male BALB/c mice were fed in an SPF envi-

ronment, and MGC803 cells were injected subcutaneously.

After 60 h, vital signs and inoculation sites in the mice were

observed. Tumor tissue was collected after modeling for 28 d,

and the tumor volume was calculated using the formula: 0.5 �
length � width2 (mm3).

A total of 40 mg of protein from each sample was subjected

to 12% SDS-polyacrylamide gel electrophoresis and trans-

ferred to a nitrocellulose membrane. All blots were imaged

using the ChemiDocTM Touch Imaging System and analyzed

with the Image Lab software (version 3.0; Bio-Rad, Hercules,

California, USA).

Total RNA was extracted from the frozen tissue of subject

animals using a RNAiso reagent kit (TaKaRa Biotechnology,

Dalian, China). A total of 40 mL of RNA was reverse tran-

scribed into cDNA. Quantitative PCR was performed as previ-

ously described.11 The IL1RAP level was calculated as a ratio

normalized to b-actin.

For immunohistochemical (IHC) staining, 4-mm-thick tissue

sections were incubated with the anti-IL1RAP (1:100) primary

antibody at 4�C overnight. The sections were then incubated

with the secondary antibody (1:200) at room temperature for

2 h. Staining were measured using a commercial streptavidin-

biotin-peroxidase staining kit (Golden Bridge Biotechnology

Co., Beijing, China).

Cells were visualized using the propidium iodide (PI)-

Hoechst assay (40755ES64, Qcbio Science&Technologies

Co., Ltd, Shanghai, China) according to the manufacturer’s

instructions. Images were captured through fluorescence

microscopy at 400�magnification. Images were acquired with

a Nikon Eclipse Ni inverted microscope (TE2000; Nikon,

Tokyo, Japan).

The tissue fraction was determined using the TUNEL assay.

The TUNEL assay was performed according to the manufac-

turer’s instructions (ab66108; Abcam, Inc.). Images were cap-

tured using fluorescence microscopy at 400� magnification.

After stirring the solution for 30 min, the bacteria were

removed with a microporous (diameter 0.22 m) filter and stored

at 4�C away from light, after packaging. Cells in the logarith-

mic growth stage were inoculated into 96-well plates in groups,

as previously described.12

For cell migration assays, a transwell chamber was pre-

treated with Matrigel (Corning, Corning, NY, USA) and dried

at 37�C for 1 h, and the assay was conducted following the

manufacturer’s instructions. The results of the transwell migra-

tion and invasion assays were calculated according to the num-

ber of transferred cells.

For cell cycle determination, cells were plated in six-well

plates at a density of 2 � 105 cells per well. After 12 h, various

concentrations (0, 25, 50, and 100 mM) of eriodyctiol were

added to each well, and the cells were incubated for an addi-

tional 48 h. Detailed procedures were performed as described

previously.13

Data are expressed as mean + standard deviation. Statisti-

cal analysis was performed using GraphPad Prism 6.0 (Graph-

Pad Software, San Diego, CA, USA) and SPSS18.0 (IBM, New

York, NY, USA). Differences were analyzed using one-way

ANOVA, and multiple comparisons were analyzed using the

Sidak test. Differences were considered statistically significant

at P <0.05.

Results

Bioinformatic Analysis of IL1RAP in STAD Using TCGA
and GEPIA

Predictions of IL1RAP function in STAD through GEPIA and

TCGA are shown in Figure 1. As shown in Figure 1A, the

predicted expression of IL1RAP as transcripts per million was

higher in STAD tissue than that in normal tissue. The expres-

sion profile of IL1RAP in STAD tissue was similar as it was

shown in Figure 1B (P < 0.05). The interacting proteins for

IL1RAP, as determined using string assay, were MAPK3,

RAC1, TRAF3, TICAM2, TLRAP, IL1RL1, IL-36A,

IL-36B, IL-36G, IL18R1, PI3KR1, IL-33, MYD88, TRAF6,

TOLLIP, IRAK1, IL-1A, IL1RN, IL1R1, IL-1B, and STAT3

(Figure 1C). The survival map for IL1RAP and its interacting

proteins is shown in Figure 1D, which shows significant results

in STAD of IL1RAP. Through analysis of overall survival and

disease-free survival (Figure 1E-F), we can confirm that given

the high expression of IL1RAP isoform, the patients with

STAD had a worse prognostic outcome, especially in the

disease-free survival assay (P < 0.05). GSEA showed that

IL1RAP in STAD was negatively correlated with apoptosis,

TLR4, and NF-kB signaling pathways.

Expression of IL1RAP in Different Tissues and STAD

As bioinformatic analysis predicted that IL1RAP was related to

STAD, we measured the difference in protein and mRNA

expression of IL1RAP in different tissues or cell lines using

western blotting and RT-PCR, respectively (Figure 2). IL1RAP

protein and mRNA expression in stomach tumor tissue was

increased (P < 0.05) compared to para-tumor tissue (Figure

2A-C). In addition, the IL1RAP protein and mRNA expression

in MGC803 cells was most significantly increased (P < 0.05)

compared to GES-1, AGS, and SGC-7901 cells (Figure 2D-F).

We used MGC803 as the model stomach carcinoma cell line

for follow-up experiments. The approximate localization of

IL1RAP as determined through IHC staining is shown in Fig-

ure 2G; the fluorescence signals in IL1RAP-positive cells in the

IHC sections were observed outside the cytoplasm and

membrane.

IL1RAP Knockdown Could Regulate the Development
of Stomach Carcinoma In Vitro

As IL1RAP expression was shown to be increased in tumor

tissue, we were prompted to determine the role of this protein

in stomach carcinoma progression. We developed a method

for decreasing the IL1RAP level: IL1RAP was downregulated

through lentivirus (sh-IL1RAP)-mediated knockdown, as

Lv et al 3



Figure 1. (A) Transcripts per million of IL1RAP in different cancers by GEPIA and TCGA system. (B) Expression profile assay of IL1RAP in

STAD and normal tissue. (C) Interacting proteins of String assay and (D) Survival map for IL1RAP and its interacting proteins in STAD. (E)

Overall survival analyses and (F) Disease-free survival analyses of high-level and low-level IL1RAP in STAD patients. (G) GSEA assay of

IL1RAP in STAD patients.
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shown in Figure 3. We measured proliferation, cell cycle,

migration, and invasion of control-, sh-IL1RAP-, and

control-shIL1RAP-treated MGC803 cells. The optical density

at 48 and 60 h, as measured in the MTT assay, was signifi-

cantly lower in the sh-IL1RAP group than that in the other 2

groups (Figure 3A). The distribution in the G0/G1 phase in

sh-IL1RAP cells was significantly higher than that in the

other 2 groups, while the opposite was observed in the S phase

(Figure 3B, P < 0.05). Additionally, the migration and inva-

sion abilities of the sh-IL1RAP group were decreased (Figure

3C-D, P < 0.05). To investigate the function of IL1RAP in

apoptosis, we used PI staining to observe apoptotic changes

(Figure 3E). Apoptosis in the sh-IL1RAP group was increased

(Figure 3F, P < 0.05). In addition, we detected biomarkers of

stomach carcinoma through western blotting (Figure 3G). The

expression of CEA, CA199, and c-Met in the sh-IL1RAP

group was reduced (P < 0.05) compared to other groups (Fig-

ure 3H).

IL1RAP Knockdown Could Regulate the Development
of Stomach Carcinoma In Vivo

As knockdown of IL1RAP regulated the development of

stomach carcinoma in vitro, we next determined if it also

regulated this process in vivo (Figure 4). First, we measured

the tumor volume and weight in control, sh-IL1RAP, and

control-shIL1RAP mice. The tumor volumes at 21 and 28 d

in sh-IL1RAP mice were significantly lower than those in the

Figure 2. (A) Western blot assay of IL1RAP expression in tumor and para-tumor tissue, (B) Quantification, and (C) Quantitative

RT-PCR assay for mRNA level of IL1. RAP in different tissues. (D) Western blot assay of IL1RAP expression in GES-1, AGS, SGC-

7901, and MGC803 cells, (E) Quantification, and (F) Quantitative RT-PCR assay for mRNA level of IL1RAP in different cells. (G) IHC

assay of IL1RAP expression of para-tumor and tumor from patients (�400) and mice (�200). Protein and mRNA levels were

normalized to b-actin. (Tumor or MGC803 cells vs. para-tumor or GES-1 cells, *P < 0.05, n ¼ 6 per group, all data was represented as

Mean + Standard error).
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other 2 groups (Figure 4A, P < 0.05); additionally, the tumor

weights in sh-IL1RAP mice were reduced (Figure 4B, P <

0.05). Second, to investigate the apoptotic function of IL1RAP,

we performed TUNEL assay (Figure 4C) and found that the

apoptotic levels in sh-IL1RAP mice were high (Figure 4D, P <

0.05). Finally, we detected the biomarkers of stomach carci-

noma through western blotting (Figure 4C). The expression of

CEA, CA199, and c-Met in the sh-IL1RAP group was

decreased (P < 0.05) compared to the other groups (Figure

3D), which was consistent with the in vitro results.

IL1RAP Knockdown Could Increase Inflammatory
Marker Levels In Vitro and In Vivo

To further confirm whether the tumor-regulatory effect of

IL1RAP was mediated through inflammation, we determined

Figure 3. (A) Proliferation assay in 72 hours, (B) Cell cycle assay, (C) Migration assay and (D) Invasion assay at 60 hours of Con, sh-IL1RAP,

and control-shIL1RAP group. (E) PI-Hoechst staining assay (�400) of apoptosis and (F) PI (þ) cell assay. (G) Western blot assay of CEA,

CA199 and c-Met expression in vitro. (H) Quantification of CEA, CA199, and c-Met expression. Protein levels were normalized to b-actin

(sh-IL1RAP vs. other group, *P < 0.05, n ¼ 6 per group).
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the expression of the inflammatory promoter and inflammation-

related proteins that were related to IL1RAP, through western

blotting (Figure 5). As shown in Figure 5A, IL1RAP knock-

down enhanced protein expression of TLR4, NF-kB, IL-1a,

IL-1b, IL-33, IL-36b, and IL-36g (Figure 5C). The in vivo

outcomes were thus consistent with our in vitro observations

(Figure 5B and D).

The potential mechanisms of how IL1RAP induces inflam-

mation in stomach carcinoma are shown in Figure 6. IL1RAP

probably regulates the inflammatory promoter, similar to TLR4

and NF-kB, and the IL1RAP-related proteins such as IL-1,

IL-33, or IL-36, to restrain the inflammatory progress and

apoptosis, enhance the development of stomach carcinoma,

and become fatal for mice with stomach carcinoma.

Figure 4. (A) Tumor volume in 28-day period and (B) Tumor weight at 28 days of Con, sh-IL1RAP, and control-shIL1RAP mice. (C) TUNEL-

DAPI staining assay (�400) of apoptosis and (D) TUNEL (þ) cell assay. (E) Western blot assay of CEA, CA199, and c-Met expression in vivo.

(F) Quantification of CEA, CA199, and c-Met expression. Protein levels were normalized to b-actin (sh-IL1RAP vs. other group, *P < 0.05,

n ¼ 6 per group).
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Discussion

Gastrointestinal malignancies rank fifth in terms of cancer mor-

bidity and third in cancer-related death, have high incidence

and mortality rates, and impose enormous worldwide health

and economic burdens.14 The unique physiology of tumor cells

creates a hostile and nutrient-poor microenvironment, and

chemical and metabolic adaptations that occur within and

among heterogeneous cell types of tumors facilitate growth.15

The innate immune system is evolutionarily conserved and

plays a role in immune surveillance via specific cells, such as

macrophages, dendritic cells, neutrophils, and natural killer

cells, as well as through soluble factors such as the interleukin

system, to withstand the tumor microenvironment.16 Briefly,

the inflammatory microenvironment plays a crucial role in

stomach carcinoma.

ILs are cytokines involved in inflammation and develop-

ment of many types of cancer.17 IL-1 is an inflammatory cyto-

kine that plays a key role in carcinogenesis, tumor progression,

and the inflammatory tumor microenvironment.18 IL1RAP has

been shown to be an important inflammatory regulator in the

Figure 5. (A) Western blot assay of TLR4, NF-kB, IL-1a, IL-1b, IL-33, IL-36b, and IL-36g expression of Con, sh-IL1RAP, and control-

shIL1RAP groups in vitro. (B) Western blot assay of TLR4, NF-kB, IL-1a, IL-1b, IL-33, IL-36b, and IL-36g expression of Con, sh-IL1RAP,

and control-shIL1RAP mice in vivo. (C) Quantification of TLR4, NF-kB, IL-1a, IL-1b, IL-33, IL-36b, and IL-36g of Con, sh-IL1RAP, and

control-shIL1RAP groups in vitro. (D) Quantification of TLR4, NF-kB, IL-1a, IL-1b, IL-33, IL-36b, and IL-36g of Con, sh-IL1RAP, and

control-shIL1RAP groups in vivo. Protein levels were normalized to b-actin (sh-IL1RAP vs. other group, *P < 0.05, n ¼ 6 per group).
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IL-1 pathway and is related to the TLRs.19 IL1RAP has been

reported to be consistently overexpressed in some cancer types

and has emerged as a novel therapeutic target20,21; however,

the mechanism of IL1RAP in the inflammation of stomach

carcinoma is not fully understood. In our study, we used

GEPIA and TCGA to predict IL1RAP function in STAD. The

results showed that IL1RAP expression in STAD tissues was

higher than that in noncancerous tissues. As demonstrated via

the string assay, the proteins interacting with IL1RAP were

IL-1, IL-33, and IL-36, which belong to the IL family. In

addition, the high expression of IL1RAP isoform in patients

with STAD had a worse prognostic outcome, especially in

the disease-free survival assay. These results suggest that high

levels of IL1RAP may cause the development of STAD and

may regulate the inflammatory process.

To verify the bioinformatic analysis of IL1RAP, we deter-

mined the protein and mRNA levels of IL1RAP in different

tissues and cell lines and found that IL1RAP in tumor or

MGC803 cells was increasingly expressed, suggesting that

IL1RAP may be related to the development of stomach

carcinoma.

To further investigate the function of IL1RAP in the devel-

opment of stomach carcinoma, IL1RAP knockdown was

performed to reduce IL1RAP expression. Our results showed

that the knockdown of IL1RAP, both in vivo and in vitro,

inhibited stomach carcinoma development by weakening

tumor proliferation, migration, and invasion; enhancing apop-

tosis; and reducing tumor volume, weight, and expression of

stomach carcinoma biomarkers such as CEA, CA199, and c-

Met. These results suggest that lowered levels of IL1RAP

could improve stomach carcinoma outcomes; however, the

specific mechanism of IL1RAP in stomach carcinoma remains

unclear.

IL1RAP has been reported as a tumor-associated antigen for

cell-targeted immunotherapy and is involved in different

signaling pathways.22,23 IL1RAP is involved in 3 signaling

pathways that affect many cytokines of the IL-1 family (IL-1a,

IL-1b, IL-33, IL-36b, and IL-36g) in many diseases9; however,

the relationship between IL1RAP and IL-1a, IL-1b, IL-33,

IL-36b, and IL-36g in the inflammation process of stomach

carcinoma has not been fully reported.

To investigate the inflammatory function of IL1RAP in sto-

mach carcinoma, we measured TLR4, NF-kB, IL-1a, IL-1b,

IL-33, IL-36b, and IL-36g levels and found that the levels of

these proteins were increased by IL1RAP knockdown, which

could further describe the immunomodulatory function of

Figure 6. The potential mechanisms of inflammation by IL1RAP mediated in stomach carcinoma. IL1RAP probably could reduce the related

proteins of inflammation expression just like TLR4, NF-kB, IL-1a, IL-1b, IL-33, IL-36b, and IL-36g, weaken the inflammatory progress and

apoptosis progress to tumor cells, and cut down lives of mice of stomach carcinoma.
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IL1RAP. These results suggest that IL1RAP may be involved

in the regulation of tumor microenvironment-related inflamma-

tory factors and plays a crucial role in the inflammation process

of stomach carcinoma. As shown in Figure 1G, the GSEA

shows that IL1RAP expression in STAD was negatively corre-

lated with apoptosis, TLR4, and NF-kB signaling pathways,

which is consistent with our results.

Our findings indicate that IL1RAP knockdown significantly

activated inflammation and inhibited the development of sto-

mach carcinoma and then improved the level of apoptosis,

reducing the level of biomarkers of gastrointestinal tumors.

Taken together, these findings may provide a new strategy for

the treatment of stomach carcinoma development by regulating

inflammation.
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