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Introduction: FAM111B (FAM111 trypsin-like peptidase B) gene mutations have been linked to a hereditary fibrosing poikiloderma
disorder known to cause poikiloderma, tendon contracture, myopathy, and pulmonary fibrosis (POIKTMP). Overexpression of
FAMI111B has been associated with an increased risk of certain cancers with a poor prognosis, although the relationship between
FAM111B and other tumors is still unclear, and the molecular mechanism of its action is not fully understood.

Methods: We investigated the biological functions of FAM111B in 33 solid tumors using multi-omics data. We further recruited 109
gastric cancer (GC) patients for a clinical cohort study to confirm the effect of FAM111B on early tumor recurrence. Furthermore, we
assessed the role of FAM111B in GC cell proliferation and migration via EdU incorporation, CCK8 and transwell assays in vitro.
Results: We found that FAM111B can enhance oncogenesis and progression in multiple tumor types. The clinical cohort of GC
showed that upregulation of FAM111B is associated with early recurrence of GC, and knockdown of the FAM111B gene can inhibit
the proliferation and migration of GC cells. Gene enrichment analysis indicates that FAM111B promotes cancer through immune
system process, chromosome instability, DNA repair, and apoptosis regulation. Mechanistically, FAM111B appears to promote the
growth cycle of malignant tumor cells while inhibiting apoptosis.

Conclusion: FAM111B may serve as a potential pan-cancer biomarker for predicting the prognosis and survival of malignant tumor
patients. Our study elucidates the role of FAM111B in the occurrence and development of various cancers, and highlights the need for
future research on FAM111B in cancers.
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Introduction

Malignant tumors are one of the leading causes of death worldwide, and the global morbidity and burden of cancer are
increasing.' Despite significant progress in modern cancer therapies, such as immunotherapy and radiotherapy,
a considerable number of patients continue to advance to later stages of cancer, resulting in poor outcomes.” The lack
of definite tumor diagnostic markers is an important reason for this poor prognosis.> Therefore, it is essential to find
appropriate tumor markers through pan-cancer analysis and analyze their relationship with prognosis.

FAM111 trypsin-like peptidase B (FAM111B), encodes a C-terminal protein that contains a pancreatitis cysteine/serine
peptide domain. Mutations in FAM111B are associated with a rare genetic disorder known as hereditary fibrous disease,
poikiloderma with tendon contractures, myopathy, and pulmonary fibrosis (POIKTMP).>> Moreover, two cases of pancrea-
tic cancer have been linked to FAM111B mutations,® suggesting that these mutations not only contribute to the development
of POIKTMP but may also lead to cancer formation.” The exact mechanism by which FAM111B mutations contribute to
tumorigenesis remains unclear. However, some reports suggest that FAM111B participates in the p53 signaling pathway,
promoting the progression of lung adenocarcinoma (LUAD).® Another study reported that FAMI11B enhances the
proliferation and cell cycle progression of LUAD cells by degrading p16, a tumor suppressor protein.” These findings
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proposes that FAM111B could be a novel target for treating this type of lung cancer. Furthermore, high expression of
FAM111B has been linked to poor prognosis in breast cancer, where it is believed to play a critical role in cell proliferation,
migration, and invasion.'® The evidence suggests that FAM111B may function as an oncogene, given its association with
poor survival across multiple cancer types. However, most research on FAM111B has been limited to specific cancer types,
and there has been no comprehensive pan-cancer analysis of the link between FAM111B and other cancers.

In this study, we aim to conduct a pan-cancer analysis of FAM111B, utilizing various datasets such as TCGA, GEO,
and GTEx. Through integration of gene expression, survival prognosis, genetic alteration, immune infiltration, and gene
enrichment data of FAM111B across multiple malignancies, in conjunction with clinical cohorts of gastric cancer (GC)
patients and in vitro experiment of GC cell lines, our results revealed the significance of etiology and clinical prognostic
implications of FAM111B in cancer.

Materials and Methods

Data Collection and Expression Analysis

We obtained RNA-seq data for the FAM111B gene from the University of California, Santa Cruz (UCSC) Genome
Browser.!' To investigate differences in FAM111B expression between tumors and adjacent normal tissues, we
utilized Tumor Immunity Estimation Resource (TIMER) 2.0 with data from TCGA.'? In cases where limited or no
normal tissue was available in TIMER 2.0, we further assessed expression differences using Gene Expression
Profiling Interaction Analysis (GEPIA)."? Additionally, we analyzed FAM111B expression levels at each patho-
logical stage in all TCGA cancers using GEPIA2. Moreover, we conducted an analysis of the Clinical Proteomic
Tumor Analysis Consortium (CPTAC) dataset using the UALCAN website to examine and contrast FAM111B
protein expression levels in normal and primary tumor tissues across the six tumor types.'*

To assess the expression level of FAM111B in GC, tumor tissues and corresponding paracancerous tissues were
obtained from 109 patients with primary GC who underwent surgery at Lihuili Hospital Affiliated to Ningbo
University (China) between December 2020 and December 2022. Clinical information for these samples was also
collected. All experimental protocols were approved by the Ethics Committee of Lihuili Hospital Affiliated to
Ningbo University (KY2022SL436-01). The ethics committee approved the waiver of informed consent due to the
retrospective nature of the review. All participant data had been anonymized or kept confidential and complied
with the Declaration of Helsinki. The two-year disease-free survival was determined by measuring the time
elapsed between the date of resection and the date of tumor recurrence.

Cell Line

Human GC cell lines (AGS, MKN-45) were purchased from the Shanghai Haixing biological company. AGS and MKN-
45 cell lines were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco) containing 10% fetal bovine serum
(FBS, Gibco) and 1% penicillin/streptomycin at 37°C under 5% CO,.

Cell Transfection

2x10° GC cells were plated into 6-well plates and transfected with a scrambled negative control siRNA (NC-siRNA),
FAM111B-siRNA (FAM111B-Homo-1052, 5'-GUGCCACUGAUGAAAUUAATT-3', si-1; FAMI111B-Homo-1336, 5'-
GAGGCAAUUAAUCUCUUAATT-3', si-2; FAM111B-Homo-1541, 5-GCGAACAGCUUACAUAUUATT -3', si-3)
(all purchased from GenePharma) using Lipofectamine 2000 (Invitrogen) according to the manufacturer’s instructions.
After 6~8 h, the medium (Opti-MEM, Gibco) was replaced with complete culture medium. The transfected GC cells
were incubated in different groups for the indicated time periods. All experiments were performed in 48 h after
transfection.

RNA Extraction and qPCR Analysis

According to the previous method,'> total RNA was extracted from GC tissues and GC cell lines using Trizol reagent
(Invitrogen). Subsequently, qRT-PCR was performed using the PrimeScript RT Master Mix (TaKaRa) and TB Green
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Premix Ex Taq (TaKaRa) by the LightCycler 480 (Roche). The relative mRNA expression levels were calculated by the
27A2C method. The primers used were as follows: FAM111B: forward: GCCCTTGAAATGCAGAATCCA and reverse:
GCTGTAAACACACTACGGTCTAA; and GAPDH: forward: GTCGGAGTCAACGGA TTTGG and reverse:
CGGTGCCA TGGAA TTTGCC.

Western Blot Analysis

After 72 hours of cell transfection, total protein was extracted and the concentration was measured using the previously described
method." The lysates were loaded onto SDS-PAGE for electrophoresis and then transferred onto a PVDF membrane. The
membrane was blocked with 5% skim milk for 1 hour and incubated with primary antibodies against FAM111B (Proteintech,
dilution 1:2000) and GAPDH (CST, dilution 1:4000) at 4 °C overnight. After washing with Tris-buffered saline with Tween 20
three times, a secondary goat anti-rabbit antibody (CST, dilution 1:4000) was added to the membrane and incubated for 1 hour.
Protein bands were visualized using enhanced chemiluminescence.

Cell Viability Assay

Cell viability was measured using Cell Counting Kit-8 (CCKS8, Dojindo) according to the manufacturer’s instructions.
5000 GC cells were plated into 96-well plates for the indicated time periods. After incubation with CCK-8 solution for 3
h, the absorbance of the wells was measured at 450 nm using an MRX II microplate reader (Dynex). Relative cell
viability was calculated as a percentage of negative control GC cells. Cell proliferation assays were performed using the
Click-iT 5-ethynyl-20-deoxyuridine (EdU) Imaging Kit (Invitrogen) according to the manufacturer’s instructions. After
transfection, GC cells were seeded into 96-well plates at a density of 10,000 cells per well. Cells were incubated with
medium containing EdU for 2 h. Subsequently, cells were fixed with 4% paraformaldehyde for 30 minutes and
permeabilized with 0.5% Triton-X 100 for 20 min. The reaction mixture was added and incubated for 30 min in the
dark. After washing with PBS, cells were stained with DAPI for 5 min. The number of EdU-positive cells was measured
using fluorescence microscopy and ImagelJ software.

Cell Migration Assay

The transfected cells were resuspended in serum-free medium at a concentration of 5 x 10*mL. A total of 100 pL of cell
suspension was added to the upper compartment of transwell assay inserts (8-mm pores; Corning) containing 200 puL of serum-
free DMEM. The lower compartment was filled with 800 pL. DMEM containing 10% FBS. After incubating at 37°C for 24 h, the
chamber was removed, and the medium was aspirated. Cells on the upper surface of the filter were removed by wiping with
a cotton swab, and those that had migrated through the pores and adhered to the lower surface of the filter were fixed with methanol
for 30 min, stained with crystal violet for 15 min and imaged using microscopy. The migration ability was evaluated by counting
the number of stained cells in five randomly selected fields per filter in each group.

Prognosis—survival Analysis

We used GEPIA2 to determine the overall survival (OS) and disease-free survival (DFS) of FAM111B in all TCGA
tumors.'* High cutoff (50%) and low cutoff (50%) were used to distinguish between the high and low expression groups.
Hypothesis testing was performed using log-rank analysis, and survival plots were generated via GEPIA2. Next, we used
the “pROC” software program to acquire TCGA and GTEx data and generate receiver operating characteristic (ROC)
curves. The ROC curve’s abscissa and ordinate denote the false positive rate and true positive rate, respectively. A larger
area under curve (AUC) under the ROC curve indicates a more accurate prediction.

Genetic Alteration Analysis

We utilized the cBioPortal website to obtain information on the characterization of the FAM111B genetic alteration.'®
Through this platform, we analyzed the frequency and type of FAM111B alterations, as well as copy number alterations
(CAN), in all TCGA tumors. Additionally, we were able to view the mutation site information of FAM111B in all TCGA
tumors.
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Immune Infiltration Analysis

We investigated the association between FAM111B expression and immune infiltration in all TCGA tumors using the
TIMER?2 web server. We centered on two immune cell types - CD8+ T cells and cancer-associated fibroblasts (CAFs) -
and assessed immune infiltration employing diverse algorithms. In order to adjust for tumor purity, we employed the
purity-adjusted Spearman rank correlation test to compute p-values and partial correlation values.

Related Gene Enrichment Analysis

We utilized several tools and databases to explore FAM111B co-expression, gene regulation, and protein interactions.
Firstly, the STRING program was used to generate a co-expression network of Homo sapiens FAM111B."” Next, we
extracted 100 FAM111B-related genes from the most similar transcription factors to FAM111B from the TCGA dataset
using GEPIA2. These genes were subjected to Gene Ontology (GO) pathway enrichment analysis using Metascape.'® We
generated the FAM111B-protein interaction network using BioGRID.'" Furthermore, we performed pairwise gene
regression analysis via GEPIA2.

Statistical Analysis

We conducted all statistical analyses using R (version 4.0.3). The statistical analyses involved the use of different tests
depending on the distribution of the variables. Specifically, the #-test, one-way ANOVA and two-way ANOVA were
employed to analyze normally distributed variables, while nonparametric tests were used for non-normally distributed
variables. Correlation analysis was conducted using Pearson’s correlation and Spearman’s rank correlation test.
A significance level of P < 0.05 was used to determine statistical significance.

Results

Differential Expression of FAMI | IB Between Human Normal and Cancerous Tissues
This study was designed to evaluate the tumorigenic role of FAM111B in humans. We analyzed the expression levels of
FAMII1IB in all tumors and adjacent normal tissues of TCGA via TIMER2. The level of FAM111B expression in the
cancer tissues of bladder urothelial carcinoma (BLCA), head and neck squamous cell carcinoma (HNSC), breast invasive
carcinoma (BRCA), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), cholangiocarcinoma (CHOL),
kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), liver hepatocellular carcinoma (LIHC), LUAD, lung squamous cell carcinoma (LUSC), prostate adenocarcinoma
(PRAD), thyroid carcinoma (THCA), uterine corpus endometrial carcinoma (UCEC), stomach adenocarcinoma (STAD)
(P < 0.001), rectum adenocarcinoma (READ), cervical squamous cell carcinoma and endocervical adenocarcinoma
(CESC) (P < 0.01), pheochromocytoma and paraganglioma (PCPG) (P < 0.05) is lower than the adjacent normal tissues
(Figure 1A).

We collected normal tissue data from the GTEx database as a control to evaluate the difference in FAM111B
expression between tumor and paracancer and normal tissues of uterine carcinosarcoma (UCS), diffuse large B cell
lymphoma (DLBC), thymoma (THYM), ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD),
acute myeloid leukemia (LAML), glioblastoma multiforme (GBM), and esophageal carcinoma (ESCA) (P < 0.05)
(Figure 1B). We observed that the expression of FAM111B in both paracancerous and normal tissues was lower than that
in tumor tissues, although the difference was not significant in some tumors, including adrenocortical carcinoma (ACC),
testicular germ cell tumors (TGCT) and brain lower grade glioma (LGG).

Based on data obtained from the CPTAC database, it was found that the expression of the FAM111B protein was
significantly elevated in primary tumor tissues of UCEC, HNSC (P < 0.001), LUAD (P < 0.01), and ovarian cancer (P <
0.05) when compared to normal tissues. However, this pattern was not observed in breast cancer and GEM (Figure 1C).

Furthermore, the relationship between FAMI111B expression and various pathological stages of different cancers was
investigated using GEPIA2. We observed significant differences in ACC, KICH, KIRP, LIHC, SKCM, LUAD, THCA (all P <
0.05) (Figure 2A) but not in others (Figure 2B). These findings suggest that FAM111B expression may be associated with the
progression of certain types of cancer.
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Figure | Comparison of FAMI | IB expression in different tumors and adjacent normal tissues. (A)The expression level of FAMI | IB in different tumors or their subtypes
and corresponding normal tissues was analyzed using the TCGA dataset. (B)The expression status of FAMI11B in various tumors in the TCGA dataset was examined by
including relevant normal tissues from the GTEx database as controls. (C)The expression of FAMI | B in total protein between primary tumor and normal tissues of six
different cancers was analyzed based on the CPTAC dataset. *P < 0.05, **P < 0.01, ***P < 0.001.

Prognostic Value of FAMI 1 IB in Diverse Human Cancers

We conducted an analysis of the relationship between FAM111B expression and the prognosis of patients with various
cancers from the TCGA database, who were divided into two groups according to high or low expression of FAM111B.
The study revealed a positive correlation between high expression of FAM111B and poor OS in patients with ACC,
KIRP, LGG, LIHC, LUAD, MESO and PEAD (all P < 0.05). Conversely, low expression of FAM111B was associated
with poor OS in READ, THCA and THYM (all P < 0.05) (Figure 3A).
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Similarly, we found a significant correlation between high expression of FAM111B and poor DFS in patients with several
cancer types, including ACC, BLCA, KIRP, LGG, LIHC, PEAD and THCA (all P < 0.05). Conversely, low expression of
FAMI111B was associated with poor DFS in STAD (P < 0.05) (Figure 3B).

As shown in Figure 4, we found that FAM111B has high accuracy in predicting the majority of tumors, indicating that
FAM111B can be utilized as a general biomarker for tumor prediction.

Genetic Alteration Analysis of FAMI | IB in Pan-Cancer
The genetic variation status of FAM111B in various cancers within the TCGA database (consisting of 10,967 samples across 32
studies) was obtained using the cBioPortal online site. Results showed that FAM111B mutations were most frequently (>4%)
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was identified as the predominant type in MESO, with an altered frequency of approximately 2% (Figure 5A and B). In total, 127

observed in UCEC tumor samples, with the majority of these mutations being missense mutations. Additionally, “deep deletion”
FAM111B mutations were detected across all TCGA samples, including 108 missense mutations, 17 truncating mutations, and 2

sv/fusion mutations (Figure 5C). The mutat
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Correlation of FAMI | IB Expression Levels with Tumor Immune Microenvironment
In advanced stages of some tumor types, tumor-related immune infiltration may become nonviable or even interact with tumor

cells to promote cancer progression and metastasis.’>*! Unfortunately, many patients exhibit innate or acquired resistance to

immunotherapy. CAFs are known to secrete a diverse array of cytokines and hinder the penetration of drugs or therapeutic

immune cells into tumor tissues, which diminishes the effectiveness of tumor immunotherapy.®>** Multiple algorithms were used

to evaluate the correlation between the expression of FAM111B and the level of immune infiltration in various TCGA cancers.

The results obtained from the multiple algorithmic analyses demonstrated a statistically significant negative correlation between
FAMI111B expression and the estimates of CAFs infiltration in BRCA, STAD, and THYM cancers (P < 0.05, Figure 6A).
Conversely, a positive correlation was observed between the infiltration of CD8+ T cells and the expression of FAM111B in
KIRC, HNSC-HPV, THYM, and UVM cancers, as indicated by most algorithms (P < 0.05, Figure 7A). To illustrate our findings,
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Figure 7 Correlation analysis between FAMI | | B expression and CD8+ T-cell infiltration. (A) Heatmap of the correlation between FAMI | I B and the tumor-related immune
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we generated scatterplots of these cancers using the most efficient algorithm (Figures 6B and 7B). In conclusion, the expression of

FAMI111B is associated with immune infiltration in some cancers.

Correlations of FAMI| | B Expression Levels with Tumor Heterogeneity

Tumor heterogeneity significantly influences the initiation, progression, and response to therapy of tumors. Tumor mutational
burden (TMB) and microsatellite instability (MSI) are two biomarkers that are closely associated with tumor heterogeneity.
Elevated levels of TMB and MSI are typically linked with greater tumor heterogeneity and improved immunotherapy
outcomes.”*?*> Our results demonstrated a significant correlation between FAM111B expression and TMB in 15 cancers, with
14 of them being positively correlated, such as GBMLGG, LGG and LUAD, while THYM showed a negative correlation
(Figure 8A and B). In addition, we detected a positive correlation between FAM111B and MSI for MESO and ACC, but negative
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for DLBC, GBMLGG. Mutant-allele tumor heterogeneity (MATH) effectively represented tumor specificity, and we observed
a significant correlation with it in 12 tumors, with a significant positive correlation in 6 tumors, such as LUAD, LAML and BRCA,
and a significant negative correlation in 6 tumors, such as GBMLGG, LGG, and KIRC (Figure 8C). Tumor purity and ploidy are
two crucial parameters that reflect tumor heterogeneity, and play a significant role in modulating the efficacy of tumor therapy. We
found a positive correlation between FAM111B expression and purity in most cancers (Figure 8D), but an inconsistent correlation
in tumors where we found a negative correlation between ploidy and FAMI11B expression (Figure 8E). Homologous
recombination deficiency (HRD) status, which is a key prognostic indicator for multiple tumor treatment strategies and outcomes,
showed a significant correlation with FAM111B expression in 17 cancers, including GEM, LGG, and LUAD, as shown in
Figure 8F. Neoantigen (NEO) are novel antigens generated as a result of mutations in tumor cells that can be recognized as foreign
by the immune system, and represent a potential target for cancer immunotherapy. Our findings reveal a significant correlation
between NEO and FAM111B in TGCT, suggesting that FAM111B may serve as a potential factor promoting the generation of
NEO in TGCT (Figure 8G). We also observed a significant correlation between FAM111B expression and loss of heterozygosity
(LOH) in various cancers, with most showing a positive correlation (Figure 8H).

Enrichment Analysis of FAMI | IB-Related Genes

To explore the mechanism of FAM111B in cancer development, we used GEPIA2 to identify the top 100 genes in the
TCGA dataset with expression patterns comparable to FAMI11B (Supplementary Table S1). Next, we used the

Metascape website to enrich the functions of these genes and found that they were closely related to immune system
process, chromosome instability and DNA repair (Figure 9A). We further validated these results by using the STRING
tool to obtain 50 proteins that were co-expressed with FAM111B (Figure 9B). These findings suggest that FAM111B may
be involved in these biological processes by interacting with key proteins involved in chromosome instability, DNA
repair, and regulation of apoptosis. The interaction network was exhibited in Figure 8C, which is also illustrated it by the
analysis based on the GeneMANIA website (Figure 9C). According to the BioGRID 4.3 database, FAM111B physically
interacts with SET, HISTIHIE, MED, ITGB1, EXOSC9, DTX2, BAG3 and ATP13A2 (Figure 9D). These proteins
function in immune system process, chromosome instability, DNA repair and apoptosis regulation.’® 2 The correlation
analysis demonstrated robust positive associations between the expression of FAM111B and SET, HISTIH1E, EXOSC9,
DTX2, BAG3, and ATP13A2, as depicted in a scatter plot (Figures 9E-J). Based on these findings, we hypothesize that
FAM111B may promote tumor development by impacting processes related to immune system process, chromosome
instability, DNA repair and apoptosis regulation.

Clinical Cohort Validation of Gastric Cancer

In the previous study, we found that the expression of FAMI111B in GC tissue was increased compared with that in
paracancerous tissue, but the patients with high expression of FAM111B in TCGA-STAD had significantly higher DFS
time than those with low expression. To validate the clinical relevance of FAM111B in GC prognosis, we examined the
expression of FAMI111B in 109 pairs of tumor tissue and paracancerous normal tissue samples from GC patients. The
gRT-PCR analysis showed that FAM111B was upregulated in tumor tissue compared to paracancerous normal tissue
(Figure 10A). We further analyzed the relationship between FAM111B and recurrence in GC patients. GC patients (n =
109) were separated into two groups by the median FAM111B expression level. As shown in Figure 10B, patients with
lower FAM111B expression (n = 55) showed longer recurrence-free survival (RFS) than patients with higher FAM111B
expression (n = 54). Further analysis of the correlation between FAM111B expression and clinicopathological parameters
showed significant differences in stage T and tumor grade between the high and low FAMI11B expression groups
(Table 1). In univariate analyses, expression levels of FAM111B and node metastasis and stage T were identified as
significant prognostic factors for RFS (Table 2). However, in multivariate analyses, only FAM111B expression level was
identified as a prognostic factor for RFS (Table 3). These results indicated that FAM111B represents a biomarker of early
GC recurrence.
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Figure 9 FAMI | IB-related gene enrichment analysis. (A) Gene Ontology (GO) analysis of the top 100 genes co-expressed with FAMI | |B obtained by GEPIA2. (B) Co-
expression network of 50 genes co-expressed with FAMI | IB obtained by the STRING tool. (C) 20 genes most closely related to FAMI|1B obtained by GeneMANIA
website. (D) FAMI | |B-protein interactions obtained by BioGRID. (E—J) Correlation analysis between FAMI | IB and SET, HISTIHIE, MED, ITGBI, EXOSC9, DTX2, BAG3
and ATP13A2 conducted by GEPIA2 across all tumor samples in TCGA.
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Figure 10 The expression of FAMI | IB in human GC tissues and the relationship with the prognosis of GC patients. (A) qRT-PCR analysis of FAMI | | B expression in human
GC tissues and corresponding paracancerous normal tissues. (B) The relationship between the expression of FAMI | 1B and the recurrence-free survival of GC patients.

P < 0.001.

Effects of FAMI | IB Knockdown on Gastric Cancer Cell Lines

To further confirm the role of the FAM111B gene in GC cell lines, we employed small interfering RNA (siRNA) to
knockdown the expression level of FAM111B in GC cell lines, and qRT-PCR and Western blot experiments were used to
test the knockdown efficiency (Figure 11A and B). The group si-3 that exhibited the highest efficiency of FAM111B
knockdown was selected for subsequent experiments. EDU and CCKS8 assays demonstrated that the suppression of
FAM111B significantly impeded the proliferation of GC cells (Figure 11C and D). Furthermore, we verified the effect of
FAMI111B silencing on the migration of gastric cancer cells through transwell experiments (Figure 11E). Our findings

suggest that knockdown of FAM111B can affect the proliferation and migration of GC cells.

Table | Correlation Between FAMI | IB Expression and GC Clinicopathological Parameters

Characteristic FAMIIIB P Statistic Method
High (54) Low (55)
Sex 0.143 2.14 | Chisq.test
Male 35 (32.1%) 27 (24.8%)
Female 19 (17.4%) 28 (25.7%)
Age (years) 0.786 0.07 | Chisq.test
<50 19 (17.4%) 17 (15.6%)
=50 35 (32.1%) 38 (34.9%)
Distant metastasis 0.778 0.08 | Chisq.test
No 13 (11.9%) Il (10.1%)
Yes 41 (37.6%) 44 (40.4%)
Node metastasis 0.77 0.09 | Chisq.test
Yes 43 (39.4%) 46 (42.2%)
No Il (10.1%) 9 (8.3%)
Tumor size 0.552 0.35 | Chisq.test
<5 45 (41.3%) 49 (45%)
=5 9 (8.3%) 6 (5.5%)
Stage T 0.021* 5.32 | Chisq.test
TI 30 (27.5%) 43 (39.4%)
T2~T4 24 (22%) 12 (11%)
Tumor grade 0.002* 10.04 | Chisq.test
Gl 17 (15.6%) 35 (32.1%)
G2~G4 37 (33.9%) 20 (18.3%)

Note: *P<0.05.
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Table 2 Univariate Analyses of Prognostic Factors for Recurrence-

Free Survival

Characteristic

HR (95% CI)

P-value

Sex
Male
Female
Age (years)
<50
250
Distant metastasis
No
Yes
Node metastasis
Yes
No
Tumor size
<5
25
Stage T
Tl
T2~T4
Tumor grade
Gl
G2~G4
FAMI | IB expression
High
Low

62
47

36
73

85
24

89
20

94
15

73
39

52
57

54
55

0.803 (0.527-1.225)

0.673 (0.437-1.037)

1.182 (0.712—-1.964)

1.997 (1.198-3.329)

1.624 (0.916-2.880)

1.666 (1.078-2.577)

1517 (0.996-2.309)

1989 (1.302-3.040)

0.309

0.073

0518

0.008*

0.097

0.022*

0.052

0.001*

Note: *P < 0.05.

Table 3 Multivariate Analyses
Recurrence-Free Survival

of Prognostic

Factors for

Characteristic

HR (95% CI)

P-value

Age (years)
<50
250
Node metastasis
Yes
No
Tumor size
<5
25
Stage T
TI
T2~T4
Tumor grade
Gl
G2~G4
FAMI I 1B expression
High

Low

36
73

89
20

94
15

73
39

52
57

54
55

0.728 (0.472-1.125)

1.603 (0.951-2.700)

1.337 (0.746-2.397)

1.347 (0.847-2.140)

1.280 (0.824-1.988)

1.629 (1.026-2.587)

0.153

0.076

0.329

0.208

0.272

0.039*

Note: *P<0.05.
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Figure 11 Knockdown of FAMI | I B inhibits the proliferation and migration of GC cells. (A and B) AGS and MKN-45 cells were transfected with negative control (NC) or
siRNA targeting FAMI | IB (si-1, si-2, si-3) for 48 h. qRT-PCR and Western blot were used to measure the silencing efficiency of siFAMI 1B in AGS and MKN-45 cells. (C)
AGS and MKN-45 cells were transfected with NC or si-FAMI | IB for 24 h and cell proliferation was assessed by EdU incorporation assay. The percentage of EdU positive
cells was quantified. (D) After transfection, AGS and MKN-45 cells were continued in the medium at specified time points, and cell proliferation was assessed by CCK8
assays. (E) Cell migration was analyzed in AGS and MKN-45 cells transfected with NC or si-FAMI | I B by transwell assay. The number of cells in the chamber was quantified.
*P < 0.05, ¥P < 0.01, **P < 0.001.

Discussion

Previous studies have revealed mutations FAM111B gene in the human are frequently associated with a rare multisystem
fibrotic disease, POIKTMP,**° progressive osseous heteroplasia, and mutations of unknown genetic polymorphism.**-!
Accumulating evidence in recent years has shown that FAM111B mutation is associated with increased susceptibility to

malignancy.”? Overexpression of FAM111B in cancer cells has been associated with accelerated cancer progression and
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poor clinical outcomes.®’ It is still unknown if FAM111B can regulate the development of various malignancies through
known or unidentified molecular mechanisms. FAM111B has not yet been the subject of a pan-cancer analysis that has
been reported in published literature. Therefore, using a variety of datasets, including as TCGA, GEO, CPTAC, and
others, we thoroughly assessed the FAM111B1 gene in all cancers. Analysis was done on the molecular traits, survival
outlook, diagnostic utility, gene mutation, immunological infiltration, signaling pathways, and gene enrichment.

We discovered that the FAM111B gene is significantly expressed in most TCGA cancer types and there are already
articles verifying its promoting effect in different tumors, such as pancreatic cancer and breast cancer.®'® Another study
utilizing in vitro functional analysis of FAM111B knockout cells demonstrated that FAM111B plays an important role in
the proliferation and cell cycle progression of KRAS-driven LUAD under serum starvation, and that FAMI111B
expression is significantly associated with clinical progression.” The outcomes of our genetic differential analysis are
congruent with prior findings indicating that FAM111B is overexpressed in LUAD, breast cancer, and PAAD.
Furthermore, the correlation between FAM111B expression and clinical variables or prognosis is also in line with
previous reports. High FAM111B expression is linked to a poor prognosis in various tumor types, such as LUAD and
PAAD. Moreover, we verified the significance of FAM111B in GC through 109 clinical cohorts. The expression of
FAMI11B is significantly abundant in GC tissue than in paracancerous tissue, which is consistent with the TCGA-STAD
samples. However, the RFS of the clinical cohort exhibited disparities compared to that of the TCGA-STAD samples,
which requires further exploration. Cell proliferation and migration abilities are important indicators for evaluating the
prognosis of GC patients. Furthermore, we conducted cell experiments and observed that the knockdown of FAM111B
inhibited the proliferation and migration of GC cells in vitro.

Next, we investigated the potential association between FAM111B expression and immune infiltration in various
cancers within TCGA. Utilizing multiple algorithms, we found statistically significant correlations between FAM111B
expression and cancer-associated fibroblast infiltration in BRCA, STAD, THYM, and TGCT. Similarly, we observed
statistically significant correlations between FAM111B expression and CD8+ T cell immune infiltration in HNSC-HPV+,
KIRC, THYM, and UVM cancers. Tumor heterogeneity, which arises from differences in tumor cell morphology,
genetics, and biochemistry, is closely tied to a tumor’s degree of malignancy and can have a significant impact on
tumor diagnosis and treatment.>*>> To further investigate the relationship between FAM111B and tumor heterogeneity,
we performed an analysis of eight different indicators including TMB, MATH, and MSI. TMB and MSI are two crucial
molecular biological characteristics that can be used to predict the response to immune checkpoint inhibitor therapy in
certain cancer patients. Thus, our analysis of pan-cancer heterogeneity of FAM111B may provide a novel reference for
predicting the response and prognosis of immunotherapy across various cancers.

To further explore the specific mechanisms of FAMI11B in cancer, gene enrichment analysis revealed that
FAMI111B is closely related to DNA repair and immune system processes, which is consistent with previous
study.*? Using STRING and GeneMANIA database, we found numerous genes that co-express and physically interact
with FAM111B in tumors, such as SET, HISTIHIE, EXOSC9, DTX2, BAG3, and ATP13A2. These genes primarily
encode proteins that are involved in DNA repair, apoptosis regulation, and cell cycle regulation.?®2° These results are
consistent with the outcomes of gene enrichment studies related to FAMI111B, indicating a potential molecular
mechanism by which FAM111B could be involved in cancer progression. We have confirmed the reduction of DNA
replication activity in gastric cancer cells after knockdown of FAM111B through the EdU assay. Recent studies have
demonstrated that FAM111B mutations are associated with cell cycle dysregulation in POIKTMP.** And in the field of
tumors, it was also found that FAM111B is also implicated in the regulation of cell cycle and its related signaling
pathways.>> Notably, in some cancer types, FAM111B knockout tumor cells have shown a reduction in the expression
of anti-apoptotic genes, including BCL-2 and BAG3, which is consistent with our findings regarding the association
between FAM111B and apoptosis genes.®*® Based on these findings, we propose that the abnormal expression of
FAMI111B and its non-specific degradation of DNA-related proteins lead to genome instability, disrupt DNA repair
processes, and cause cell cycle dysregulation, ultimately contributing to the development, progression, and suscept-
ibility of cancer.

Nonetheless, the current study has certain limitations that warrant consideration. Firstly, bioinformatics analysis
depends on public databases or datasets provided by other researchers. However, variations in experimental conditions,
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analysis methods, or software package selection may result in different results, which may affect the reproducibility of
bioinformatics analysis. Secondly, bioinformatics analysis can uncover the expression patterns of genes or proteins.
Although we have validated these findings in a clinical cohort of GC and in vitro experiments, subsequent in vivo
experiments are required to confirm their biological significance. Thirdly, the FAM111B gene is not a heavily studied
gene, and limited attention has been given to certain types of cancers, resulting in a paucity of data and restricted sample
sizes, which may negatively impact the results.

Conclusion

In conclusion, our study results indicate that FAM111B may serve as a potential prognostic biomarker for several types
of cancers, validated through clinical validation in a GC cohort and in vitro experiments. Moreover, our bioinformatics
analyses revealed that FAM111B is associated with immune infiltration, DNA repair, and apoptotic regulation, providing
potential mechanisms underlying analysis of immune infiltration and gene enrichment of FAM111B. These results
provide initial insights into the function and relevance of FAM111B in cancer development and pave the way for future
prospective investigations.
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