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Background: The family with the sequence similarity 198 member B (FAM198B) has been found to contribute to the progression of 
gastric cancer (GC). However, the role and molecular mechanism of FAM198B in GC remains poorly understood. This work found 
a link between FAM198B and quercetin, and the regulatory effect of FAM198B on the MAPK pathway of GC.
Methods: FAM198B expression was identified through multiple public data sets and verified in clinical tissue samples. The 
associations between FAM198B and the prognosis of patients with GC were analyzed via the Kaplan‒Meier plotter and Cox regression 
analysis. Gene set enrichment analysis, coexpressed genes, and RNA sequencing were used to explore the related functions and 
signaling pathways of FAM198B in GC. In vitro assays assessed the effects of FAM198B knockdown on GC cells. FAM198B was 
found as a quercetin target by the HERB database and in vitro assays.
Results: FAM198B was highly expressed in tissues from GC patients (p<0.001) and was positively associated with poor prognosis 
(p<0.001) and immune cell infiltration in GC patients. FAM198B knockdown inhibited the proliferation, migration, invasion, and 
epithelial-mesenchymal transition (EMT) of GC cells (all p<0.05). In addition, FAM198B knockdown decreased the phosphorylation 
of p-Erk1/2 and p-p38 in GC cells (all p<0.01). Quercetin inhibited FAM198B expression and the phosphorylation of p-Erk1/2 and 
p-p38 in GC cells (all p<0.05).
Conclusion: Quercetin inhibits the proliferation, migration, invasion, and EMT of GC cells by inhibiting the FAM198B/MAPK 
signaling pathway. These discoveries lay the groundwork for developing the treatment of GC by quercetin and targeting FAM198B. In 
the future, more preclinical and clinical studies are needed to confirm the efficacy and safety of quercetin and target FAM198B in GC.
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Introduction
Gastric cancer (GC) is the fifth most common malignancy in the world and the fifth leading cause of cancer-related 
death.1 The early symptoms of GC are not obvious, leading to many patients with GC having already entered the 
advanced stage at the time of diagnosis, for which standard treatments are largely unsatisfactory.2 Therefore, there is an 
urgent need to explore the molecular mechanisms of GC progression and to find novel molecular markers for the early 
diagnosis and targeted therapy of GC.

The family with sequence similarity 198 member B (FAM198B) (Ensembl ID: ENSG00000164125), also known as 
Golgi-associated kinase 1B (GASK1B), is located on chromosome 4. The coding sequence of the FAM198B gene 
contains seven exons, and the molecular weight of the FAM198B-encoded protein is 57.552 kDa. Several pieces of 
evidence3–6 have emphasized the link between FAM198B and cancers. FAM198B can inhibit the phosphorylation of Erk 
in lung adenocarcinoma3 and ovarian cancer,4 showing a tumor suppressor function. However, two reports on colorectal 
cancer5 and GC6 revealed evidence that FAM198B may act as an oncogene in gastrointestinal tumors. Chen et al6 

initially found that FAM198B regulated the PI3K/AKT/Bcl-2 signaling pathway to promote the progression of GC. 
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However, the function and molecular mechanism of FAM198B in GC need to be further explored, which may provide 
a more profound comprehension of GC’s occurrence, development, and treatment.

Quercetin (C15H10O7) is a flavonoid in various foods, including grapes, Onions, and tomatoes.7 It is known for its 
anti-inflammatory, antioxidant, and antiviral properties, making it useful in managing cardiovascular diseases, inflam
matory diseases, and cancer.7 Several reports8–10 have shown that quercetin can inhibit GC growth by inhibiting MAPK 
and AKT/mTOR signaling. However, the specific molecular mechanisms of quercetin regulating MAPK pathway in GC 
are complex and unclear. Exploring these molecular mechanisms may provide new ideas for treating GC.

This study found that FAM198B was abnormally high in GC tissues. Its expression may be associated with the 
prognosis and immune cell infiltration of patients with GC via bioinformatic analysis. Next, we verified the function of 
FAM198B in the progression of GC in vitro. We subsequently used RNA sequencing (RNA-seq) to explore how 
FAM198B affects GC cells. Furthermore, we found that FAM198B, a quercetin target, mediated the inhibitory effect 
of quercetin on the progression of GC. Overall, this study provided evidence for the anti-GC potential of quercetin and 
targeting FAM198B, which may be potential strategies for preventing or treating GC.

Materials and Methods
Analysis of FAM198B Expression in Pan-Cancer
The expression of FAM198B in Pan-cancer was identified through the Tumor IMmune Estimation Resource (TIMER) 
database11,12 (https://cistrome.shinyapps.io/timer/). The TIMER database uses the Wilcoxon test to compare gene 
expression levels in cancer and adjacent tissues. Additionally, the Gene Expression Profiling Interactive Analysis 
(GEPIA)13 (http://gepia.cancer-pku.cn/detail.php) database was used to investigate the difference in FAM198B expres
sion between cancer and normal tissues.

FAM198B Expression Analyses in GC
The gene expression profiles of the TCGA-STAD and Genotype-Tissue Expression (GTEx) data sets (https://www. 
gtexportal.org/home/index.html), as well as the clinical information of patients with GC, were obtained from the Xena 
database of the University of California Santa Cruz (UCSC)14 (https://xenabrowser.net/datapages/) and the Cancer 
Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/). UCSC also contains GTEx and other public cancer genomics 
resources. Additionally, the gene expression data sets GSE54129, GSE65801,15 GSE29272,16 GSE66229,17 

GSE118916,18 and GSE7997319 were downloaded from the Gene Expression Omnibus (GEO)20 database (https:// 
www.ncbi.nlm.nih.gov/geo/). These GEO data sets contain gene expression data from multiple GC and normal gastric 
tissues. These data sets were used to validate the difference in the expression of FAM198B between GC tissues and 
normal gastric tissues. The RNA-seq files were downloaded in TPM format or converted to TPM format. Differences 
between groups were analyzed via the Wilcoxon test.

The Prognostic and Diagnostic Value of FAM198B in Patients with GC
The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic ability of FAM198B for GC 
samples in the above data sets. The Kaplan‒Meier plotter21 (https://kmplot.com/analysis/) was used to analyze the 
correlation between FAM198B expression and the survival outcome of patients with GC. The effects of FAM198B on 
overall survival (OS) in 631 GC patients, first progression (FP) in 522 GC patients, and post-progression survival (PPS) 
in 384 GC patients were evaluated via Kaplan‒Meier Plotter. In addition, we assessed the associations of FAM198B with 
the clinical characteristics of patients with GC via the TCGA-STAD data set. The clinical characteristics of the 385 GC 
patients included in the TCGA-STAD data set are shown in Supplementary Table 1.

Construction and Evaluation of Nomogram Prediction Models
Combined with patient clinical information in the TCGA-STAD data set, FAM198B expression was analyzed by 
univariate and multivariate Cox regression. Factors with P-values less than 0.05 in the multivariate Cox analysis were 
used to construct a nomogram prediction model. The nomogram prediction model was carried out via the “rms” 
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R package. Calibration curves for 1-year, 3-year, and 5-year survival, time-dependent ROC curves, and the C-index were 
used to evaluate the model’s reliability. The range of the C-index is 0.5–1. The higher the C-index is, the greater the 
reliability of the model.

Gene Set Enrichment Analysis (GSEA)
GSEA22 is a computational method to determine whether an a priori-defined set of genes shows statistically significant 
and consistent differences between two biological states. The TCGA-STAD RNA-seq data set [log2 (TPM+1) format] 
was used as gene expression profile data. The results with p<0.05 and false discovery rate (FDR)<0.05 were significantly 
enriched. The R packages “plyr”, “ggplot2”, “grid”, and “gridExtra” were used to visualize the top 12 gene ontologies 
(GO) and the top 10 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways with significant enrichment of 
FAM198B.

Coexpression Gene Analysis and Functional Enrichment Analysis
The LinkedOmics (http://www.linkedomics.org/login.php)23 database was used to calculate genes coexpressed with 
FAM198B. A volcano map and heatmap were drawn to visualize the results. Furthermore, genes with correlation 
coefficients greater than 0.6 were selected for gene ontology biological process (GOBP), gene ontology cellular 
component (GOCC), gene ontology molecular function (GOMF), and KEGG enrichment analysis via the 
“clusterProfiler”24 R package.

Immune Cell Infiltration and Immune Checkpoints
TIMER is a database that systematically analyzes immune cell infiltration in different types of cancer. This comprehen
sive resource provides a variety of methods for estimating the abundance of infiltrating immune cells in tumors. 
Furthermore, we used the ssGSEA algorithm based on the R package “GSVA”25 to calculate the infiltration of 28 
types of immune cells in the TCGA-STAD GC samples. Furthermore, GC patients were divided into a high-expression 
FAM198B group and a low-expression FAM198B group according to the median expression level of FAM198B. 
Differences between groups were analyzed via the Wilcoxon test. The correlation between FAM198B and various 
immune cell markers was calculated via RNA-seq data in log (TPM+1) format from the TCGA-STAD data set. The 
immune checkpoints’ correlation calculation results were displayed on a radar map.

Specimen Collection
This study followed the Helsinki Declaration and was approved by the Ethics Committee of the Second Hospital of 
Lanzhou University (2024A-035). Written informed consent was obtained from all patients. Forty GC and corresponding 
adjacent tissue samples were collected from patients who underwent radical gastrectomy at the Second Hospital of 
Lanzhou University between January and February 2024. Each sample was divided into two parts. One part was snap 
frozen and stored in liquid nitrogen until RNA and protein extraction, and the other part was stored in 4% formaldehyde 
(Bioprimacy, Wuhan, China) for 24 h and then embedded in paraffin for immunohistochemical (IHC).

Cell Culture and Small Interfering RNA (siRNA) Transfection
Human GC cell lines [AGS (National Collection of Authenticated Cell Cultures, Shanghai, China), HGC27 (National 
Collection of Authenticated Cell Cultures, Shanghai, China), and MKN45 (Taiyuan Rosetta Stone Biotech Co., Ltd., 
Taiyuan, China)] and a normal human gastric mucosal epithelial cell line (GES-1) (Taiyuan Rosetta Stone Biotech Co., Ltd., 
Taiyuan, China) were cultured in RPMI 1640 medium (HyClone, Logan, Utah, USA) supplemented with 10% fetal bovine 
serum (Gemini, California, USA) in a humidified incubator at 37°C with 5% CO2. siRNA was used to inhibit the expression 
of FAM198B in AGS and HGC27 cells, which were seeded in 6-well plates at a concentration of 5×105 cells/well.

SiFAM198B#1, siFAM198B#2, and non-targeted control siRNA (si-NC) were purchased from Beijing Tsingke 
Biotech Co., Ltd. Cells were treated with siFAM198B#1, siFAM198B#2, and si-NC. We used si-NC in our experiments 
to rule out non-specific effects of siRNA. The si-NC sequence has no homology with the mRNA of FAM198B. In 
addition, the si-NC group was used as the control group for statistical analysis with the siFAM198B group. After cell 
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adherence, jetPRIME (Polyplus, Strasbourg, France) was used for siRNA transfection according to the manufacturer’s 
instructions.

siFAM198B#1 sense: 5′- GCUUAUCGAUGUAAUAGAA(dT)(dT)-3′.
siFAM198B#1 antisense: 5′- UUCUAUUACAUCGAUAAGC(dT)(dT)-3′.
siFAM198B#2 sense: 5′- GGUUAAGAUUGGAGAGCGA(dT)(dT)-3′.
siFAM198B#2 antisense: 5′- UCGCUCUCCAAUCUUAACC(dT)(dT)-3′.

RNA Extraction and Quantitative Real-Time Reverse Transcription PCR (qRT-PCR)
RNA was extracted from tissues and cells via TRIzol reagent (Servicebio, Wuhan, China). Then, the RNA was reverse 
transcribed into cDNA via Hifair® III 1st Strand cDNA Synthesis SuperMix for qPCR (gDNA digester plus) (cat. 
no.11141ES60; Yeasen, Shanghai, China) according to the manufacturer’s instructions. PCRs were performed with qPCR 
SYBR Green Master Mix (cat. no. 11201ES50; Yeasen, Shanghai, China). Gene expression was quantified via the 2−ΔΔCt 

method. Independent experiments were repeated three times.
FAM198B forward: 5′-GATGGCACTCTTTGATTTTTTGTTAC-3′,
FAM198B reverse: 5′-GGCCTCAATCCATTCTGTACACA-3′;
β-actin forward: 5′-TGGCACCCAGCACAATGAA-3′,
β-actin reverse: 5′-CTAAGTCATAGTCCGCCTAGAAGCA-3′.
β-actin was used as an internal control.

Western Blot
Total protein was extracted via RIPA lysis buffer (Boster, Wuhan, China) containing 1% PMSF (Boster, Wuhan, China), 
and the protein concentration was quantified with a BCA kit (Boster, Wuhan, China) according to the manufacturer’s 
instructions. A 10% separation gel was used for electrophoresis, and the proteins were transferred to a 0.45 μm PVDF 
membrane (Millipore, Massachusetts, USA). At room temperature, the membranes were blocked with skim milk powder 
for three hours. After being washed three times in TBST, the PVDF membranes were incubated overnight at 4°C with 
specific primary antibodies [FAM198B (cat. no. 25994-1-AP, 1:800, Proteintech, Wuhan, China), GAPDH (cat. 
no. 10494-1-AP, 1:8000, Proteintech, Wuhan, China), N Cadherin (cat. no. AB76011, 1:5000, Abcam, UK), Vimentin 
(cat. no. AB8069, 1:1000, Abcam, UK), Erk1/2 (cat. no. 4695, 1:1000, Cell Signaling Technology, MA, USA), p-Erk1/2 
(cat. no. 4370, 1:2000, Cell Signaling Technology, MA, USA), p38 (cat. no. 8690, 1:1000, Cell Signaling Technology, 
MA, USA), and p-p38 (cat. no. 4511, 1:1000, Cell Signaling Technology, MA, USA)]. The membranes were washed 
three times in TBST and incubated with HRP-conjugated AffiniPure goat anti-rabbit IgG (cat. no. SA00001-2, 1:5000, 
Proteintech, Wuhan, China) for one hour at room temperature. Western blot visualization was performed with an 
enhanced chemiluminescence kit (cat. no. AR1197, Boster, Wuhan, China) and a chemiluminescence imaging system 
(VILBER, France). Finally, the semiquantitative analysis of the densitometry of bands was performed using the ImageJ 
software. Independent experiments were repeated three times.

IHC
Paraffin-embedded tissue sections were defatted with xylene and deparaffinized with decreasing ethanol concentrations, 
followed by washing with distilled water. The slides were then placed in a pressure cooker containing citrate antigen 
repair solution (pH 6.0) for 2.5 min for antigen repair, followed by incubation in 3% hydrogen peroxide for 20 min at 
room temperature to block endogenous peroxidase. The tissue area was blocked with 5% BSA (cat. no. EZ2811C238, 
BioFROXX, Germany) for 1 hour, followed by incubation with different concentrations of primary antibody (cat. 
no. 25994-1-AP, 1:100, Proteintech, Wuhan, China) at 4°C overnight. The secondary antibodies (cat. no. KIT9730, 
Maxim, Fuzhou, China) were then added and incubated at room temperature for 50 min, and DAB (cat. no. DAB-1031, 
Maxim, Fuzhou, China) was added for color development until the sections turned yellow. The final sections were 
counterstained with Harris hematoxylin, dehydrated in ethanol, transparently processed with xylene, and finally sealed 
with a neutral resin glue, and images were acquired with a microscope system (NOVEL, Ningbo).
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Cell Counting Kit-8 Assay (CCK8)
The CCK8 assay determined cell viability. AGS, HGC27, and GES-1 cells in the logarithmic growth phase were counted 
on a cell counting plate. The cells were seeded in 96-well plates at a density of 5×103/well and allowed to adhere for 
5 hours before siRNA transfection or quercetin (cat. no. B20527, Shanghai Yuanye Bio-Technology Co., Ltd., China) 
treatment. The old medium was discarded at 24 h and 48 h, and the mixture was incubated for two hours with a complete 
medium containing 10% CCK8 solution (cat. no. BMU106-EN, Abbkine, Georgia, USA). The absorbance at 
a wavelength of 450 nm was measured with a Synergy NEO2 microplate reader (Agilent, USA). Cell viability (%) = 
[(experimental group-blank group)/(control group-blank group)] ×100%. Independent experiments were carried out with 
triplicate wells for each group and were repeated three times.

Cell Colony Formation Assay
AGS and HGC27 cells in the logarithmic growth phase were seeded in 6-well plates at 1×103/well, supplemented with 
medium to 2 mL/well. The medium was changed every 3 days during this period. The cultures were terminated after 10 
days. The medium was discarded, the cells were washed twice with PBS, and the cells were fixed by adding 4% 
paraformaldehyde for 30 min, followed by crystal violet for 30 min. Finally, the staining solution was washed with 
ultrapure water and dried in an oven. The images were acquired with a live-cell fluorescence microscopic imaging analysis 
system (Thermo Fisher, USA) and analyzed with ImageJ software. Independent experiments were repeated three times.

Transwell Assay
AGS and HGC27 cells in the logarithmic growth phase were digested and centrifuged, and the old medium was 
discarded. The cells were resuspended in 1640 medium and counted. A total of 3×104 AGS or 4×104 HGC27 cells or 
different concentrations of quercetin were added to each Transwell chamber (cat. no. 3422, Corning, NY, USA). RPMI 
1640 was used to replenish the liquid in the upper layer to 200 µL. A total of 700 μL of complete medium containing 
20% serum was added to the lower chamber of a 24-well plate under the chamber and incubated in an incubator. The 
liquid in the 24-well plate and chamber was discarded after 24 hours. The cells above the chamber were wiped with 
a cotton swab and washed twice with PBS. The chambers were immersed in 4% paraformaldehyde solution for 
30 minutes and stained with 0.1% crystal violet for 30 minutes. After being rinsed with water, the plates were dried 
in a drying box, and images were acquired under a microscope with three random (×100) fields per well. For the invasion 
assay, the Matrigel matrix (cat. no. 356234, Corning, NY, USA) and 1640 medium were mixed at a 1:8 ratio, added to the 
upper layer of the chamber, and cultured in the cell incubator for 3 hours. After the supernatant was discarded, 70 μL of 
1640 medium was added to each chamber and incubated in the incubator for 1 hour. The other procedures were the same 
as those for the migration test.

RNA-Seq
Twenty-four hours after the transfection of AGS cells with siFAM198B#1 and si-NC, total RNA was extracted via TRIzol. 
Total RNA from AGS cells transfected with siFAM198B#1 and AGS cells transfected with si-NC were subjected to RNA- 
seq analysis. The original sequencing reads were annotated with Homo_sapiens.GRCh38.107.chr as the reference genome. 
FPKM was used as the transcript or gene expression level format. |log2(Fold Change)|≥0.5 and P-value<0.05 were used as 
the screening criteria to calculate the differentially expressed genes between the si-NC group and the si-FAM198B#1 group. 
The biological functions of the differential genes were analyzed via GO, KEGG, and GSEA.

Statistical Analysis
R 4.3.1 software was used for all the statistical analyses. Statistical histograms were generated via GraphPad Prism 8 
software. Student’s t-test and Wilcoxon’s test were used to compare the measurement data between the two groups. The 
chi-square test was used to analyze the count data. The Spearman test was used for correlation analysis. All calculations 
for which p<0.05 were considered statistically significant.
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Results
FAM198B Is Abnormally Expressed in a Variety of Cancers
To understand how FAM198B is expressed in cancers, we performed a pan-cancer analysis of FAM198B using TIMER 
and GEIPA databases. Compared with adjacent tissues, FAM198B was more highly expressed in cholangiocarcinoma 
(CHOL), neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney renal clear cell carcinoma 
(KIRC), liver hepatocellular carcinoma (LIHC), prostate adenocarcinoma (PRAD), and stomach adenocarcinoma 
(STAD) and less expressed in bladder urothelial carcinoma (BLCA), kidney renal papillary cell carcinoma (KIRP), 
lung squamous cell carcinoma (LUSC), rectum adenocarcinoma (READ) and uterine corpus endometrial carcinoma 
(UCEC) (Figure 1A). Furthermore, the results of the GEPIA analysis revealed that the differential expression trend of 
FAM198B between normal tissues and HNSC, KICH, KIRC, KIRP, STAD, and UCEC tissues was similar to that of 
TIMER (Figure 1B). These results suggested that FAM198B may be aberrantly expressed in various cancers.

FAM198B Is Highly Expressed in GC Tissues
We used multiple TCGA and GEO data sets to explore the difference in FAM198B expression between GC and adjacent/ 
normal tissues. After calculation, FAM198B was significantly more highly expressed in GC tissues than in adjacent 
tissues in the TCGA-STAD data set (Figure 2A) and normal gastric tissues in the GTEx data set (Figure 2B). The same 
results were obtained from the data sets of the paired samples of TCGA-STAD data set (Figure 2C), GSE54129 
(Figure 2D), GSE65801 (Figure 2E), GSE29272 (Figure 2F), GSE66229 (Figure 2G), GSE118916 (Figure 2H) and 
GSE79973 (Figure 2I) data sets. These results suggested that FAM198B may be abnormally upregulated in GC tissue.

FAM198B Has Excellent Diagnostic and Prognostic Value in GC
Next, we analyzed the diagnostic efficacy, prognostic value, and association with clinical features of FAM198B in GC 
patients. In the TCGA-STAD GC and adjacent data set (AUC=78.92%), TCGA-STAD GC and GTEx normal gastric data 
set (AUC=80.26%), TCGA-STAD paired GC and adjacent data set (AUC=71.97%), GSE54129 (AUC=100%), 
GSE65801 (AUC=75.29%), GSE29272 (AUC=61.27%), GSE66229 (AUC=62.96%), GSE118916 (AUC=88.89%) and 
GSE79973 (AUC=100%) data sets, FAM198B had excellent ability to identify GC tissues (Figure 3A and B). Especially 
in the GSE54129 and GSE79973 data sets, the ROC curves of FAM198B for identifying GC samples showed 100% fit. 
Kaplan‒Meier Plotter analysis revealed a significant association between high expression of FAM198B and worse OS 
(p<0.001) (Figure 3C), worse FP (p<0.001) (Figure 3D), and worse PPS (p<0.001) (Figure 3E) in patients with GC. 
Furthermore, FAM198B expression was greater in deceased GC patients than in those who survived until the end of the 
follow-up period (Figure 3F). The GC patients with clinical stages 2–4 showed higher FAM198B expression than those 
with clinical stage 1 (Figure 3G). Furthermore, an increasing trend in FAM198B expression was observed with increasing 
T stage (Figure 3H), indicating its potential role in promoting the invasiveness of GC and contributing to a poor 
prognosis among GC patients.

High Expression of FAM198B is Associated with Poor Prognosis in Patients with GC
In addition, we further verified the association of FAM198B with poor prognosis in GC patients. Univariate and 
multivariate Cox regression analyses revealed that FAM198B, age, and clinical stage were independent risk factors for 
poor OS (Figure 4A) (Table 1). Based on the results of the multivariate Cox analysis, a nomogram prediction model was 
constructed in which FAM198B, age, and clinical stage from the TCGA-STAD data set were used to predict OS at 1, 3, 
and 5 years in GC patients (Figure 4B). The C-index of the nomogram was 0.642 (95% CI: 0.617–0.667). ROC analysis 
revealed that the model had certain accuracy in identifying the 1-year (AUC=66%: 95% CI=58.93–73.24%), 3-year 
(AUC=66%: 95% CI=56.43–75.71%), and 5-year (AUC=72%: 95% CI=57.54–87%) OS of patients with GC 
(Figure 4C). The results of the calibration curve prediction and the actual probability of occurrence were a good fit, 
indicating that this is an ideal model (Figure 4D–F). The above results suggested that FAM198B is associated with a poor 
prognosis in patients with GC.
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GSEA of FAM198B in GC
To explore the bioscience processes in which FAM198B may be involved, we performed a GSEA on FAM198B via the 
TCGA-STAD data set. GSEA revealed that extracellular matrix (ECM) assembly, ECM receptor interaction, lymph 

Figure 1 FAM198B is aberrantly expressed in a variety of cancers. (A) Box plot of the TIMER database. Red: tumor; blue: adjacent tissue. *, P< 0.05; **, P < 0.01; ***, P< 
0.001. (B) Dot plot of the GEPIA database. Red: tumor; green: normal. 
Abbreviations: CHOL, cholangiocarcinoma; HNSC, neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; LIHC, liver 
hepatocellular carcinoma; PRAD, prostate adenocarcinoma; STAD, stomach adenocarcinoma; BLCA, bladder urothelial carcinoma; KIRP, kidney renal papillary cell 
carcinoma; LUSC, lung squamous cell carcinoma; READ, rectum adenocarcinoma; UCEC, uterine corpus endometrial carcinoma.
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vessel development, focal adhesion, and the TGF beta signaling pathway were significantly enriched in GC patients with 
high expression of FAM198B (Figure 5A and B), indicating that elevated FAM198B may participate in the occurrence 
and progression of GC through these pathways. These results also suggested that FAM198B may be related to the 
invasion and migration of GC.

FAM198B Coexpressed Genes and Related Functions in GC
To further investigate the biological significance of FAM198B in GC, genes coexpressed with FAM198B were detected via 
the LinkedOmics database. With an FDR less than 0.01 and an absolute correlation coefficient greater than 0.2, 5086 genes 
(red dots) were positively correlated with FAM198B, and 2809 genes (green dots) were negatively correlated (Figure 6A). 
The 50 genes with the most significant correlations with FAM198B are shown in the heatmaps (Figure 6B and C).

In general, coexpressed genes often have similar biological functions. Therefore, coexpressed genes with correlation 
coefficients greater than 0.6 were used for functional enrichment analysis. The GO enrichment results revealed that 
FAM198B was significantly enriched in extracellular matrix organization, extracellular structure organization, the Golgi 
lumen, the lysosomal lumen, integrin binding, and cell−substrate adhesion (Figure 6D). Analysis of the KEGG pathway 
revealed that the genes coexpressed with FAM198B were associated mainly with the PI3K-AKT signaling pathway, focal 

Figure 2 Compared to adjacent/normal tissues, FAM198B is highly expressed in GC tissues. (A) TCGA-STAD tumor vs adjacent samples. (B) TCGA-STAD tumor vs GTEx 
normal. (C) TCGA-STAD paired samples. (D) GSE54129. (E) GSE65801. (F) GSE29272. (G) GSE66229. (H) GSE118916. (I) GSE79973. 
Abbreviations: TCGA, the Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; GEO, Gene Expression Omnibus.
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adhesion, ECM-receptor interaction, Ras signaling pathway, MAPK signaling pathway, Rap1 signaling pathway, etc. 
(Figure 6E). This finding is consistent with the GSEA results, indicating that FAM198B may be closely associated with 
the extracellular matrix and involved in cell adhesion, which may explain why FAM198B is related to the progression 
and invasiveness of GC.

FAM198B is Associated with Immune Cell Infiltration and Immune Checkpoints in GC
This study further explored the relationship between FAM198B and immune infiltration in GC via TIMER, ssGSEA 
algorithm, and TCGA-STAD data set. TIMER analysis revealed that FAM198B was weakly correlated with CD8+ 

T cells, neutrophils, and dendritic cells. However, it was moderately correlated with CD4+ T cells (cor=0.413, p<0.001) 

Figure 3 FAM198B is associated with excellent diagnostic value and worse prognostic and clinical characteristics in GC patients. ROC curves of FAM198B expression in GC 
tissues in the TCGA-STAD data sets (A) and GEO data sets (B). (C) Association of FAM198B expression with (C) OS, (D) FP, and (E) PPS in GC patients in the Kaplan‒ 
Meier plotter database. Increased FAM198B was significantly associated with (F) death status, (G) higher clinical stage, and (H) higher T stage. 
Abbreviations: ROC, receiver operating characteristic; AUC, the area under the curve; TCGA, the Cancer Genome Atlas; GC, gastric cancer; GTEx, Genotype-Tissue 
Expression; GEO, Gene Expression Omnibus; OS, overall survival; FP, first progression; PPS, post-progression survival; HR, hazard ratio.
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Figure 4 Construction and evaluation of the nomogram prediction model for GC. (A) The forest map shows the results of multivariate Cox regression analysis. (B) 
Nomogram of FAM198B expression and multiple clinical factors constructed via the TCGA-STAD data set. (C) Time-dependent ROC curves of the nomogram. (D-F) 
Calibration curves of the nomogram at 1, 3, and 5 years. 
Abbreviations: ROC, receiver operating characteristic; AUC, the area under the curve; OS, overall survival.
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and macrophages (cor=0.616, p<0.001) (Figure 7A). In addition to activated CD4 T cells, activated CD8 T cells, type 17 
T helper cells, CD56bright natural killer cells, CD56dim natural killer cells, and neutrophils, the other 22 types of 
immune cells had relatively high levels of infiltration in the high-FAM198B expression group (Figure 7B). Analysis of 
immune cell markers revealed that FAM198B was moderately correlated with macrophages, especially M2 macrophages, 
tumor-associated macrophage (TAM), and regulatory T (Treg) cells (Table 2). Furthermore, we found that FAM198B was 
associated with multiple immune checkpoints related to T-cell exhaustion, such as CTLA4, CD274, HAVCR2, TIGIT, 
PDCD1LG2, CD276, CD40, ICOS, and TNFRSF4 (Figure 7C). These results indicated that FAM198B may be closely 
related to the immune microenvironment of GC. Still, it may promote GC immunosuppression and facilitate the immune 
escape of tumor cells in multiple ways.

FAM198B is Highly Expressed in GC Tissue Samples
To verify the expression of FAM198B in tissues from patients with GC, we detected the FAM198B mRNA and protein 
expression levels in 40 pairs of GC tissues and adjacent tissues from the Second Hospital of Lanzhou University. qRT- 
PCR (Figure 8A), IHC (Figure 8B and E), and WB (Figure 8C and D) revealed that FAM198B was significantly highly 
expressed in GC tissues.

Knockdown of FAM198B Inhibits the Proliferation, Migration, and Invasion of GC 
Cells
Various in vitro assays were performed to assess the roles of FAM198B in GC. Firstly, we found that the expression of 
FAM198B mRNA (Figure 9A) and protein (Figure 9B) was significantly greater in the GC cell lines AGS and HGC27 
than in the normal gastric epithelial cell line GES-1. Although the expression of FAM198B mRNA was greater in 
MKN45 cells than in GES-1 cells, there was no significant difference in the protein level. Therefore, we did not use the 
MKN45 cell line for subsequent experiments. Si-FAM198B RNA significantly downregulated the mRNA (Figure 9C) 
and protein (Figure 9D) expression of FAM198B in the AGS and HGC27 cells. The results of the CCK8 assay revealed 
that si-FAM198B significantly inhibited the proliferation of AGS and HGC27 cells at 48 h and 72 h after transfection 
(Figure 9E), and these results were confirmed by the colony formation assays (Figure 9F). Transwell assays revealed that 
inhibition of FAM198B expression attenuated the migration (Figure 9G) and invasion (Figure 9H) abilities of AGS and 
HGC27 cells. These results confirmed that FAM198B is highly expressed in GC cells and that FAM198B knockdown 
significantly inhibits GC cell proliferation, migration, and invasion.

The Results of the RNA-Seq After Knockdown of FAM198B in GC Cells
To explore the mechanism of the inhibition of GC progression after FAM198B knockdown, we performed RNA-seq to 
compare the effects of si-NC and si-FAM198B in AGS cells. Three independent duplicate samples were set for each 
group. The box plot in Figure 10A shows that the overall gene expression levels in the six samples were low dispersion, 

Table 1 Cox Regression Analysis Based on TCGA-STAD Data Set

Clinical Characteristics Univariable Cox Regression Multivariate Cox Regression

HR (95% CI) P-value HR (95% CI) P-value

FAM198B 1.24(1.05–1.46) <0.01 1.24 (1.05–1.48) <0.05

Age 1.02(1.01–1.03) <0.05 1.03(1.01–1.05) <0.001
Clinical stage 1.52 (1.23–1.87) <0.001 1.60(1.28–2.00) <0.001

Histologic grade 1.42(1.01–1.98) >0.05 1.36(0.97–1.89) >0.05

M stage 1.80(0.97–3.34) >0.05 - -
N stage 1.32(1.13–1.53) <0.001 - -

T stage 1.35(1.09–1.66) <0.01 - -

Gender 1.37(0.95–1.97) >0.05 1.30(0.90–1.87) >0.05

Note: The “-” means that the variables were excluded from the multivariate Cox regression analysis. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Figure 5 GSEA results of FAM198B in GC. (A) The top 12 results of GO analysis. (B) The top 10 results of KEGG analysis. 
Abbreviations: GOBP, gene ontology biological process; GOCC, gene ontology cellular component; GOMF, gene ontology molecular function; KEGG, Kyoto Encyclopedia 
of Genes and Genomes.
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indicating that sample production was highly reproducible. The principal component analysis (PCA) revealed high 
similarity between the three repeated samples of the two groups. In contrast, the distribution difference between the si- 
NC group and the si-FAM198B group was significant, and the two groups were suitable for further difference analysis 
(Figure 10B). | log2(Fold Change) |≥0.5 and P-value<0.05 were used as standards to detect differentially expressed genes 
and 132 genes were downregulated, whereas 245 genes were upregulated (Figure 10C and D). GO (Figure 10E) and 
KEGG (Figure 10F) analyses revealed that these differential genes were significantly associated with biological adhesion, 
immune system processes, biological adhesion, focal adhesion, apoptosis, cell cycle, the MAPK signaling pathway, the 
AMPK signaling pathway, the PI3K‒AKT signaling pathway, and other biological processes. GSEA suggested that 
suppression of FAM198B expression reduced cell proliferation, which is consistent with our experimental results 
(Figure 10G).

Figure 6 FAM198B coexpressed genes and their functional enrichment. (A) The volcano map shows the positive and negative genes correlated with FAM198B in GC. The 
heatmap shows the top 50 genes with significant positive (B) and negative (C) correlations with FAM198B. GO (D) and KEGG (E) enrichment analysesof coexpressed 
FAM198B genes with correlation coefficients greater than 0.6 were performed. 
Abbreviations: BP, biological process; CC, cellular component; MF, molecular function.
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Figure 7 FAM198B is correlated with immune cell infiltration and immune checkpoints. (A) Analysis of the infiltration levels of 6 types of immune cells via the TIMER 
database. (B) Analysis of the infiltration levels of 28 types of immune cells via ssGSEA. (C) Correlations between FAM198B expression and immune checkpoints. *, P< 0.05; 
**, P < 0.01; ***, P< 0.001. 
Abbreviation: ns, not significant.
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Table 2 Correlations Between FAM198B and Immune 
Cell Marker Genes in TCGA-STAD Data Set

Immune Cells Gene Name Cor P-value

CD8+T-cell CD8A 0.169 5.61E-04

CD8B 0.172 4.45E-04

CD4+T-cell CD4 0.393 1.18E-16

CD40LG 0.314 7.16E-11

CXCR4 0.428 7.94E-20

T-cell (general) CD2 0.256 1.38E-07

CD3E 0.179 2.58E-04

CD3D 0.165 7.82E-04

CD6 0.228 3.07E-06

SH2D1A 0.257 1.20E-07

TRAT1 0.277 1.11E-08

CD3G 0.263 5.84E-08

B-cell CD19 0.104 3.53E-02

CD79A 0.103 3.71E-02

Monocyte CD86 0.401 2.23E-17

CSF1R 0.493 1.31E-26

TAM CD68 0.037 4.52E-01

CCL2 0.382 9.09E-16

IL10 0.39 2.16E-16

M1 Macrophage IRF5 0.236 1.25E-06

PTGS2 0.308 1.78E-10

M2 Macrophage CD163 0.469 5.96E-24

VSIG4 0.436 1.51E-20

MS4A4A 0.474 1.61E-24

Neutrophil S100A12 0.107 3.04E-02

CEACAM3 0.080 1.05E-01

CCR7 0.304 2.80E-10

FPR1 0.367 1.36E-14

SIGLEC5 0.245 5.00E-07

CSF3R 0.308 1.60E-10

FCAR 0.258 1.08E-07

FCGR3B 0.086 8.17E-02

Nature killer cell KIR2DL1 0.078 1.15E-01

KIR2DL3 0.124 1.18E-02

KIR2DL4 −0.119 1.59E-02

KIR3DL1 0.091 6.53E-02

KIR3DL2 0.067 1.78E-01

KIR3DL3 −0.089 7.17E-02

XCL1 0.119 1.58E-02

XCL2 0.172 4.46E-04

NCR1 0.102 3.77E-02

DC ITGAX 0.436 1.67E-20

HLA-DPA1 0.151 2.05E-03

HLA-DRA 0.153 1.80E-03

HLA-DQB1 0.102 3.89E-02

HLA-DPB1 0.153 1.86E-03

CCL13 0.264 5.34E-08

HSD11B1 0.519 8.03E-30

(Continued)
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Knockdown of FAM198B Inhibits the Epithelial-Mesenchymal Transition (EMT) and the 
MAPK Signaling Pathway of GC Cells
Our previous bioinformatics analysis and experiments showed that FAM198B was associated with the invasion and 
metastasis of GC cells, so we detected the EMT key molecules E-cadherin N-cadherin, and Vimentin by TIMER 
database. We found that N-cadherin (cor=0.483, p<0.001) and Vimentin (cor=0.663, p<0.001) were significantly 
positively correlated with FAM198B in the TCGA-STAD cohort, while E-cadherin was not significantly correlated 
with FAM198B (Figure 11A). Western blot confirmed that N-cadherin and Vimentin proteins were down-regulated 
considerably with FAM198B knockdown, indicating that FAM198B knockdown inhibited EMT in GC (Figure 11B). In 
addition, Western blot assays confirmed that the phosphorylation levels of p-Erk1/2 and p-p38 decreased significantly 
after FAM198B knockdown in AGS and HGC27 cells. In contrast, the protein levels of p38 and Erk1/2 did not change 
significantly (Figure 11C). In conclusion, these experiments confirmed that FAM198B knockdown suppresses the 
malignant behavior of GC cells by inhibiting EMT and the phosphorylation of the MAPK signaling pathway.

Quercetin Inhibits the Proliferation, Migration, and Invasion of GC Cells by Inhibiting 
FAM198B Expression of GC Cells
In the above study, we found that FAM198B knockdown can suppress the malignant behavior of GC cells, suggesting 
that FAM198B may be a potential therapeutic target for GC. To further explore the relationship between FAM198B and 
the pharmacological treatment of GC, we searched the HERB database (http://herb.ac.cn/) and identified FAM198B as 
a potential quercetin target. Quercetin is a natural flavonoid with various pharmacological activities, and its ability to 
inhibit GC has been widely explored.26 Additionally, whether it regulates FAM198B is still unknown. Next, we validated 
this predictive information. AGS, HGC27, and GES-1 cells were treated with quercetin at different concentrations (0, 2, 

Table 2 (Continued). 

Immune Cells Gene Name Cor P-value

Th1 TBX21 0.152 2.03E-03

TNF 0.070 1.59E-01

STAT1 0.137 5.38E-03

STAT4 0.330 6.05E-12

Th2 IL13 0.113 2.24E-02

GATA3 0.240 8.47E-07

STAT5A 0.368 1.20E-14

STAT6 0.252 2.13E-07

Tfh VSIG4 0.436 1.51E-20

Th17 STAT3 0.442 3.65E-21

Treg TGFB1 0.445 2.21E-21

STAT5B 0.573 2.42E-37

CCR8 0.374 3.90E-15

FOXP3 0.232 1.99E-06

T-cell exhaustion TIGIT 0.203 3.45E-05

GZMB 0.019 7.03E-01

TOX 0.302 4.16E-10

HAVCR2 0.374 4.21E-15

LAG3 0.061 2.18E-01

CTLA4 0.158 1.26E-03

PDCD1 0.078 1.12E-01

Note: P-values in bold indicate statistical significance (P < 0.05). 
Abbreviations: TAM, tumor-associated macrophage; DC, dendritic 
cell; Th, T helper cell; Tfh, follicular helper T cell; Treg, regulatory T cell.
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5, 10, 20, 50, 100, 200, and 400 μM), and the viability of each cell line was detected via the CCK8 assay. We found that 
quercetin inhibited the proliferation of AGS [24 h half maximal inhibitory concentration (IC50)=110.7 μm] and HGC27 
(24 h IC50=183.6 μm) cells in a time-dependent and dose-dependent manner. Concentrations of 50, 100, and 200 μM and 
100, 150, and 300 μM were selected as the intervention concentrations for AGS and HGC27 cells in the following 
experiments (Figure 12A). Interestingly, we found that quercetin was less toxic to GES-1 (24 h IC50=355.8 μm) cells 
than to AGS and HGC27 cells (Figure 12A). Western blot revealed that the expression of the FAM198B protein of AGS 

Figure 8 Compared to adjacent clinical tissues, the mRNA and protein of FAM198B are highly expressed in GC clinical tissues. (A) qRT-PCR detected the relative 
expression of FAM198B mRNA of GC/adjacent tissues. (B-E) IHC (scale bar=50 μm) and (C–D) Western blot analyzed the expression of FAM198B protein of GC/adjacent 
tissues. ***, p< 0.001.
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Figure 9 FAM198B knockdown significantly inhibits GC cell proliferation, migration, and invasion. (A) qRT-PCR and (B) Western blot detected the expression of FAM198B 
of GC cells and GES-1 cells. Knockdown efficiency of si-RNAs in GC cells was assessed by qRT-PCR (C) and Western blot (D). The effects of FAM198B knockdown on AGS 
and HGC27 cell proliferation capacity were detected via the CCK8 assay (E) and the colony formation assay (scale bar=5 mm) (F). The effects of FAM198B knockdown on 
the migration (G) and invasion (H) of AGS and HGC27 cells were determined via Transwell assays (scale bar=100 μm). *, P< 0.05; **, P < 0.01; ***, P< 0.001. 
Abbreviation: ns, not significant.
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Figure 10 RNA-seq and bioinformatic analysis of the si-FAM198B and si-NC AGS cell lines were performed. Sample consistency test (A) and PCA results (B) of the six 
groups of sequencing samples. Volcano map (C) and heatmap (D) of the difference analysis results between the si-NC and si-FAM198B groups. GO (E), KEGG (F), and 
GSEA (G) analyses of differentially expressed genes between the si-NC group and the si-FAM198B group. 
Abbreviations: PCA, principal component analysis; FC, Fold Change.
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Figure 11 FAM198B knockdown inhibits GC cells’ EMT and MAPK signaling pathways. The correlation between FAM198B and E-cadherin, N-cadherin, and Vimentin was 
explored in the TIMER database (A). Western blottings were used to detect the protein expression levels of EMT (B) and MAPK signaling pathway (C) molecules after the 
knockdown of FAM198B in AGS and HGC27 cell lines. **, P < 0.01; ***, P< 0.001. 
Abbreviation: ns, not significant.
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Figure 12 Quercetin inhibits GC cell proliferation, migration, invasion, and FAM198B expression. (A) The CCK8 assay was used to determine the IC50 concentration of 
quercetin in the AGS, HGC27, and GES-1 cells. (B) Western blottings were used to detect the effect of quercetin on the protein expression of FAM198B of AGS and 
HGC27 cells. (C) Colony formation assays were used to detect the inhibitory effect of quercetin on the proliferation of the GC cells (scale bar=5 mm). (D) Transwell assays 
were used to detect the effect of quercetin on the migration and invasion of AGS and HGC27 cells (scale =100 μm). *, P< 0.05; **, P < 0.01; ***, P< 0.001. 
Abbreviations: ns, not significant, IC50, half maximal inhibitory concentration.

Pharmacogenomics and Personalized Medicine 2025:18                                                                      https://doi.org/10.2147/PGPM.S511324                                                                                                                                                                                                                                                                                                                                                                                                    135

Deng et al

Powered by TCPDF (www.tcpdf.org)



and HGC27 cells was inhibited by quercetin in a dose-dependent manner (Figure 12B). The colony formation assay 
confirmed that higher concentrations of quercetin had a better inhibitory effect on the colony formation of the AGS and 
HGC27 cells (Figure 12C). The Transwell assay revealed that quercetin inhibited the migration and invasion of AGS and 
HGC27 cells in a dose-dependent manner (Figure 12D). All the above results illustrated that quercetin inhibits the 
proliferation, migration, and invasion of GC cells by inhibiting FAM198B of GC cells.

Quercetin Inhibits the EMT and MAPK Signaling Pathway of GC Cells
Following establishing quercetin’s role in GC, we next explored how quercetin regulates EMT and MAPK pathways. 
Western blot assay confirmed that quercetin inhibited N-Cadherin and Vimentin proteins in a dose-dependent manner 
(Figure 13A). In addition, Western blottings revealed that quercetin inhibited the phosphorylation of p-Erk1/2 and p-p38 
in a dose-dependent manner but had no effect on the Erk1/2 and p38 proteins (Figure 13B). In conclusion, our results 
suggested that quercetin inhibits GC progression by inhibiting the FAM198B/MAPK pathway (Figure 14).

Discussion
A previous study has preliminarily reported the expression and partial function of FAM198B in GC.6 However, it only 
used the GEIPA database and IHC to explore the expression of FAM198B in GC tissues. In contrast, we used multiple 
data sets, IHC, qRT-PCR, and Western blot, to investigate the expression difference of FAM198B in GC tissues, which 
made the result more convincing. Moreover, our ROC analysis of multiple data sets and comprehensive prognostic 
analysis suggested that FAM198B may be a promising diagnostic and prognostic marker in GC. Interestingly, studies in 
both colorectal cancer5 and GC6 found that FAM198B promoted cell migration and invasion, but the effect of FAM198B 
on EMT was not detected. Based on migration and invasion assays, we further found that N-Cadherin and Vimentin 
proteins were decreased after FAM198B knockdown, indicating that FAM198B can affect the EMT of GC cells, which 
expanded the understanding of the function of FAM198B. EMT is a process in which the epithelial characteristics of cells 
are lost, and the mesenchymal characteristics are increased by changing cell adhesion molecules and cytoskeleton. It 
allows tumor cells to survive, metastasize, maintain stem cell characteristics, and drug resistance.27 Our findings implied 
that FAM198B may be closely related to GC cell metastasis, stem cell characteristics, and drug sensitivity.

Our GSEA and gene coexpression analysis indicated that FAM198B may be associated with ECM receptor interac
tions, lymph vessel development, focal adhesion, and the TGF-beta signaling pathway. Previous studies28 have demon
strated that tumor-associated lymphangiogenesis contributes to tumor immune tolerance and facilitates immune evasion 
by tumor cells. As a noncellular component of the tumor microenvironment (TME),29 the ECM undergoes continuous 
remodeling influenced by intercellular activities within the TME.30 This remodeling weakens the immune response of 
cytotoxic immune cells, creating an immunosuppressive microenvironment that shields tumor cells from elimination and 
promotes their survival and progression.30 Adherence to the ECM enables tumor cells to resist anoikis during 
migration.30 In other words, the ECM and cell adhesion are “accomplices” in promoting tumor migration.30 It has 
been reported31 that the TGF-beta signaling pathway contributes to constructing an immunosuppressive microenviron
ment for tumors while encouraging their development. In conclusion, these analyses suggested that FAM198B may be 
involved in tumor metastasis and immunosuppression.

The pathway analysis of the coexpression gene and RNA-seq revealed the impact of FAM198B on the PI3K-AKT and 
MAPK signaling pathways. In a recently published study by Chen et al,6 FAM198B was initially shown to promote the 
progression of GC through the PI3K/AKT/Bcl-2 axis in vitro experiments. As a classical pathway related to tumors, the 
activation of the MAPK pathway promotes the proliferation, growth, and survival of tumor cells.32 However, no evidence 
exists of a relationship between FAM198B and MAPK pathways in GC. Notably, we found that FAM198B knockdown 
leads to the inhibition of the MAPK pathway in this study. Our results suggested that inhibition of FAM198B expression 
suppresses the malignant behavior of GC cells by inhibiting the MAPK pathway.

Quercetin is a flavonoid and has significant potential for antitumor activity.33 Previous studies33 the regulation of 
cyclins, proapoptotic factors, and the MAPK signaling pathway mediates its antitumor effect.10 However, the molecular 
mechanism of how quercetin regulates MAPK is unclear and worthy of further exploration. Our bioinformatic analysis 
and in vitro experiments demonstrated that quercetin negatively regulates FAM198B expression and effectively 
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Figure 13 Quercetin inhibits the EMT (A) and MAPK signaling pathways (B) of GC cells. *, P< 0.05; **, P < 0.01; ***, P< 0.001. 
Abbreviation: ns, not significant.
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suppresses GC cell proliferation, migration, invasion, and EMT. Interestingly, this effect was comparable to the reduction 
in FAM198B knockdown, suggesting that quercetin exerts inhibitory effects on GC growth by downregulating FAM198B 
expression. In particular, the downregulation of FAM198B resulted in the inhibition of p-p38 and p-Erk1/2 phosphoryla
tion. Furthermore, our study verified the ability of quercetin to inhibit the phosphorylation of p-p38 and p-Erk1/2 in both 
AGS and HGC27 cells. Interestingly, Li et al9 confirmed that quercetin can inhibit metastasis in AGS and BGC823 GC 
cells by inhibiting p-Erk1/2 phosphorylation, consistent with our findings. These findings showed quercetin inhibits GC 
progression by downregulating FAM198B expression and further inhibiting the MAPK signaling pathway.

Cancer cells secrete various factors to remodel the TME, which regulates immune cells, thereby aiding cancer cell 
growth.34 Our study revealed a potential positive correlation between FAM198B expression and the abundance of various 
types of immune cells in GC, suggesting that elevated FAM198B expression may improve the presentation of tumor 
antigens and promote immune cell infiltration in TME of GC. In particular, CD4+ T cells and macrophages exhibited the 
strongest associations with FAM198B. Further analysis of immune cell markers revealed significant correlations between 
FAM198B and Treg cells, M2 macrophages, and TAM subtype cells. As a subtype of CD4+ T cells, Treg cells act as 
natural barriers to antitumor immunity.35 M2 macrophages are known to facilitate tumor growth and metastasis and are 
associated with a poor prognosis in cancer patients.36 Zheng5 confirmed that FAM198B can induce the polarization of 
macrophages associated with colorectal cancer toward the M2 phenotype. Additionally, M2 macrophages are generally 
considered as TAMs.37 Correlation analysis involving immune checkpoints also revealed associations between 
FAM198B expression and immunosuppressive checkpoints that weaken antitumor immunity, particularly HAVCR2 
and PDCD1LG2. As a negative regulator of antitumor immunity, HAVCR2 has been reported to be positively correlated 
with poor prognosis in patients with GC.38 PDCD1LG2 functions as a ligand for the PD-1 receptor, which mediates 
immunosuppressive effects.39 In summary, we speculated that FAM198B might promote the remodeling of TME towards 
immunosuppression through the following aspects: 1. Recruit immunosuppressive immune cells (such as Tregs); 2. 
Regulate the function of immune cells (such as promoting the differentiation of macrophages into M2 type); 3. Promote 

Figure 14 Quercetin inhibits GC cell proliferation, migration, invasion, and EMT by inhibiting the FAM198B/MAPK signaling pathway.
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expression of immune checkpoints (such as HAVCR2 and PDCD1LG2); 4. Promote stromal cells to secrete ECM 
components to help tumor cells survive; 5. Activate some signaling pathways (such as TGF-β).

Overall, this study demonstrated for the first time the regulatory role of quercetin on FAM198B of GC cells and the 
regulatory role of FAM198B on the EMT and MAPK pathway of GC cells. The results of this study revealed a new 
mechanism by which quercetin and FAM198B regulate GC progression and highlight the potential of two novel GC 
therapeutics methods, including quercetin and targeting FAM198B.

However, this study also has certain limitations and shortcomings. First, our exploration of the mechanism of 
FAM198B affecting the progression of GC was only verified by RNA-seq and signaling pathways, and further studies 
are needed to explore the downstream of FAM198B and the transcriptional regulation molecular mechanism in the future. 
Second, this study used only in vitro experiments, which included only GC cell models and lacked other components in 
the TME, such as the ECM, stromal cells, immune cells, and vascular network. Future in vivo studies or tumor-immune 
cell co-culture systems may reveal the regulatory effects of FAM198B and quercetin on TME of GC. In addition, We 
only confirmed the regulatory impact of quercetin on FAM198B using a database and Western blot, but whether quercetin 
directly or indirectly regulates FAM198B needs more preclinical studies to confirm. Finally, the efficacy and safety of 
quercetin and targeting FAM198B therapy need to be verified in clinical studies in the future.

Conclusion
Our research demonstrated that quercetin inhibits GC cell proliferation, migration, invasion, and EMT by inhibiting the 
FAM198B/MAPK signaling pathway. This study highlighted the potential of quercetin in treating GC, which may show 
higher benefits in GC patients with high FAM198B expression if used in clinical studies. Future studies should be 
conducted in more GC cell lines, animal models, and clinical cohorts to verify the safety and efficacy of quercetin or 
targeting FAM198B in treating GC.
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