Gastrointestinal Oncology

' Thymic atrophy

, Splenomegaly

A

H22 Tumor
bearing mouse

Immune escape

7\ ' & Liver function

IFN-y ) TNF-a)<— /K

— AST ) ALT )

] AFP/

HCC indicator

Mu Ji Fang granules

=L

Overview of the possible anti-hepatocellular carcinoma effects of Mu Ji Fang Granules

Baishideng Publishing Group Inc



Oncology

World Journal of
(]- ¢ Gastrointestinal

Contents Monthly Volume 15 Number 3 March 15, 2023
FIELD OF VISION
372 Machine learning algorithm to construct cuproptosis- and immune-related prognosis prediction model for

colon cancer

Huang YY, Bao TY, Huang XQ, Lan QW, Huang ZM, Chen YH, Hu ZD, Guo XG

REVIEW
389 Prevention of malignant digestive system tumors should focus on the control of chronic inflammation

Zhang YH, Chen XL, Wang YR, Hou YW, Zhang YD, Wang KJ

405 Immunotherapy for advanced or recurrent hepatocellular carcinoma
Luo YZ, Zhu H
425 Molecular methods for colorectal cancer screening: Progress with next-generation sequencing evolution

Abbes S, Baldi S, Sellami H, Amedei A, Keskes L

MINIREVIEWS
443 Genetic heterogeneity of colorectal cancer and the microbiome

Senchukova MA

ORIGINAL ARTICLE
Basic Study

464 Xiaojianzhong decoction prevents gastric precancerous lesions in rats by inhibiting autophagy and
glycolysis in gastric mucosal cells

Zhang JX, Bao SC, Chen J, Chen T, Wei HL, Zhou XY, Li JT, Yan SG

490 F-box and leucine-rich repeat 6 promotes gastric cancer progression via the promotion of epithelial-
mesenchymal transition

Meng L, Hu YT, Xu AM

504 Possible mechanisms associated with immune escape and apoptosis on anti-hepatocellular carcinoma
effect of Mu Ji Fang granules

Zhang YB, Bao YR, Wang S, Li TJ, Tai H, Leng JP, Yang XX, Wang BC, Meng XS

Retrospective Cohort Study

523 Risk of pancreatic cancer in individuals with celiac disease in the United States: A population-based
matched cohort study

Krishnan A, Hadi YB, Shabih S, Mukherjee D, Patel RA, Patel R, Singh S, Thakkar S

WJGO | https://www.wjgnet.com I March 15,2023 | Volume15 | Issue3 |

Jaishideng®



World Journal of Gastrointestinal Oncology
Contents
Monthly Volume 15 Number 3 March 185, 2023

Retrospective Study

533 Nomogram model predicting the overall survival for patients with primary gastric mucosa-associated
lymphoid tissue lymphoma

Wang D, Shi XL, Xu W, Shi RH
546 Mitophagy-related gene signature predicts prognosis, immune infiltration and chemotherapy sensitivity in
colorectal cancer

Weng JS, Huang JP, Yu W, Xiao J, Lin F, Lin KN, Zang WD, Ye Y, Lin JP

CASE REPORT
562 Carcinosarcoma of common bile duct: A case report

Yao Y, Xiang HG, Jin L, Xu M, Mao SY

Geishidenge WIGO | https://www.wijgnet.com 11 March 15,2023 | Volume15 | Issue3 |



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 15 Number 3 March 15, 2023

ABOUT COVER

Zhang YB, Bao YR, Wang S, Li T], Tai H, Leng JP, Yang XX, Wang BC, Meng XS. Possible mechanisms associated
with immune escape and apoptosis on anti-hepatocellular carcinoma effect of Mu Ji Fang granules. World |
Gastrointest Oncol 2023; 15(3): 504-522 URL: https://www.wjgnet.com/1948-5204/full/v15/i3/504.htm DOI:
https:/ /dx.doi.org/10.4251 /wjgo.v15.i3.504

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (W]JGO, World | Gastrointest Oncol) is to provide
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic
and clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, efc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE,
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China
National Knowledge Infrastructure, China Science and Technology Journal Database, and Superstar Journals
Database. The 2022 edition of Journal Citation Reports® cites the 2021 impact factor (IF) for WJGO as 3.404; IF
without journal self cites: 3.357; 5-year IF: 3.250; Journal Citation Indicator: 0.53; Ranking: 162 among 245 journals
in oncology; Quartile category: Q3; Ranking: 59 among 93 journals in gastroenterology and hepatology; and
Quartile category: Q3. The W]GO’s CiteScore for 2021 is 3.6 and Scopus CiteScore rank 2021: Gastroenterology is
72/149; Oncology is 203 /360.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xiang-Di Zhang, Production Department Director: Xiang I.i; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Jonrnal of Gastrointestinal Oncology https:/ /www.wijgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5204 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
February 15, 2009 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5204/ editotialboard.htm https:/ /www.wijgnet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
March 15, 2023 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Guiekidenge WIGO | https://www.wjgnet.com 11 March 15,2023 | Volume15 | Issue3 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v15.i3.490

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2023 March 15; 15(3): 490-503

ISSN 1948-5204 (online)

Basic Study

ORIGINAL ARTICLE

F-box and leucine-rich repeat 6 promotes gastric cancer progression
via the promotion of epithelial-mesenchymal transition

Lei Meng, Yu-Ting Hu, A-Man Xu

Specialty type: Biochemistry and
molecular biology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Huang HL, Japan; Wu
CN, China

Received: December 4, 2022
Peer-review started: December 4,
2022

First decision: December 24, 2022
Revised: January 6, 2023
Accepted: February 14, 2023
Article in press: February 14, 2023
Published online: March 15, 2023

Jaishideng®

WJGO | https://www.wjgnet.com 490

Lei Meng, A-Man Xu, Department of General Surgery, First Affiliated Hospital of Anhui Medical
University, Hefei 230022, Anhui Province, China

Yu-Ting Hu, Department of Immunology, College of Basic Medicine, Anhui Medical
University, Hefei 230022, Anhui Province, China

Corresponding author: A-Man Xu, Doctor, PhD, Chief Physician, Full Professor, Department of
General Surgery, First Affiliated Hospital of Anhui Medical University, No. 218 Jixi Avenue,
Shushan District, Hefei 230022, Anhui Province, China. amanxul965@163.com

Abstract

BACKGROUND

F-box and leucine-rich repeat 6 (FBXL6) have reportedly been associated with
several cancer types. However, the role and mechanisms of FBXL6 in gastric
cancer (GC) require further elucidation.

AIM
To investigate the effect of FBXL6 in GC tissues and cells and the underlying
mechanisms.

METHODS

TCGA and GEO database analysis was performed to evaluate the expression of
FBXL6 in GC tissues and adjacent normal tissues. Reverse transcription-quan-
titative polymerase chain reaction, immunofluorescence, and western blotting
were used to detect the expression of FBXL6 in GC tissue and cell lines. Cell clone
formation, 5-ethynyl-2’-deoxyuridine (EdU) assays, CCK-8, transwell migration
assay, and wound healing assays were performed to evaluate the malignant
biological behavior in GC cell lines after transfection with FBXL6-shRNA and the
overexpression of FBXL6 plasmids. Furthermore, in vivo tumor assays were
performed to prove whether FBXL6 promoted cell proliferation in vivo.

RESULTS

FBXL6 expression was upregulated more in tumor tissues than in adjacent normal
tissues and positively associated with clinicopathological characteristics. The
outcomes of CCK-8, clone formation, and Edu assays demonstrated that FBXL6
knockdown inhibited cell proliferation, whereas upregulation of FBXL6 promoted
proliferation in GC cells. Additionally, the transwell migration assay revealed that
FBXL6 knockdown suppressed migration and invasion, whereas the overex-
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pression of FBXL6 showed the opposite results. Through the subcutaneous tumor implantation
assay, it was evident that the knockdown of FBXL6 inhibited GC graft tumor growth in vivo.
Western blotting showed that the effects of FBXL6 on the expression of the proteins associated
with the epithelial-mesenchymal transition-associated proteins in GC cells.

CONCLUSION
Silencing of FBXL6 inactivated the EMT pathway to suppress GC malignancy in vitro. FBXL6 can
potentially be used for the diagnosis and targeted therapy of patients with GC.

Key Words: Gastric cancer; F-box and leucine-rich repeat 6; Invasion; Epithelial-mesenchymal transition;
Metastasis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: F-box and leucine-rich repeat 6 (FBXL6) is up-regulated in gastric cancer (GC) cell lines and
tissues, which is correlated with tumor size, grade of differentiation, and TNM stage. Knockdown of
TRIMSS in GC cells suppressed proliferation, migration and invasion of cells and affected the expression
of cell epithelial-mesenchymal transition-related proteins. Our study provides novel evidence that FBXL6
contributes the growth and metastasis of GC.
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INTRODUCTION

Globally, gastric cancer (GC) is the second most common cause of cancer-related deaths and the fourth
most common cancer[l,2]. Approximately 950000 new cases of patients with GC are diagnosed
worldwide each year; however, a decline in incidence and mortality rates has been observed in recent
years[3]. As traditional treatment strategies for gastric cancer, surgical resection, chemotherapy, and
radiotherapy continue to show shortcomings; this is the main reason for the < 30% 5-year overall
survival (OS) for patients with GC[4,5]. Therefore, further research is warranted to help researchers
elucidate the underlying molecular mechanisms and identify effective therapeutic avenues to enhance
survival in GC.

F-box and leucine-rich repeat 6 (FBXL6) is an FBXL protein that is closely associated with the
degradation of ETV6, which is involved in nucleoplasm formation in the intercellular phase through the
ubiquitin-proteasome system[6]. Recent studies have reported that FBXL6 activates the estrogen
receptor by promoting its transcription and mediating its protein hydrolysis[7]. Furthermore, FBXL6
expression is reportedly associated with the occurrence of tumors in humans. To illustrate, Li et al[8]
reported that FBXL6 is a unique prognostic marker, and it demonstrates the occurrence of the malignant
progression of renal cell carcinoma. Other studies found that FBXL6 is upregulated and connected with
poor prognosis in CRC, in which FBXL6 targets phosphorylated p53 to regulate its polyubiquitination
and degradation in cases of colorectal cancer. However, it is unclear whether FBXLG6 is closely related to
the progression and function in GC.

Epithelial-mesenchymal transition (EMT) has been identified as a vital factor in promoting metastasis
in multiple tumors[9,10]. Several EMT-related factors are abnormal, including E-cadherin, vimentin and
N-cadherin, which is a biological phenomenon in the EMT progression[11]. The findings of previous
studies indicated that the AKT signaling pathway suppresses GSK3p-mediated phosphorylation of p-
catenin, thereby causing the p-catenin-mediated transcription of EMT[12]. Furthermore, Song et al[13]
reported that HOXA10 mediates EMT to promote gastric cancer metastasis through TGF-B2/Smad/
METTLS3 signaling axis. The fact that EMT progression may contribute to the poor survival prognosis of
GC patients has been reported extensively[14,15]; however, information regarding the underlying
mechanisms is limited. Thus, performing an investigation of the regulatory mechanisms of EMT in GC
development is essential to understand the malignant progression of GC.

Here, we described the relationship between FBXL6 and clinicopathological characteristics and the
potential role of FBXL6 in GC cell proliferation and invasion in vitro and in vivo. Our results showed that
FBXL6 is significantly upregulated in GC tissues and that high expression of FBXL6 in patients is
commonly associated with poor OS. Therefore, FBXL6 can evidently be considered a novel prognostic
biomarker and direction of treatment in GC.

WJGO | https://www.wjgnet.com 491 March 15,2023 | Volume15 | Issue3 |


https://www.wjgnet.com/1948-5204/full/v15/i3/490.htm
https://dx.doi.org/10.4251/wjgo.v15.i3.490

Meng L et al. Proliferative and EMT effects of FBXL6 in GC

Jaishideng®

MATERIALS AND METHODS

Patients tissue samples

At the first afflation hospital of Anhui Medical University, 68 pairs of GC tissues and precancerous
tissue samples of patients were gathered between January 2020 and December 2020. The clinical
samples were stored at -80 °C for reverse transcription-quantitative polymerase chain reaction (RT-
qPCR), extraction of proteins, or embedded in paraffin for immunohistochemistry. This study had been
approved by the Ethics review committee of the First Affiliated Hospital of Anhui Medical University
(approval: Quick-PJ 2019-10-11) and written informed consent was obtained from all cancer patients.

Bioinformatic analysis

The RNA-seq expression files for GC were downloaded from The Cancer Genome Atlas (TCGA)
database (https://portal.gdc.cancer.gov/) and GEO database was used to compare FBXL6 expression
between tumors and normal tissue in GC. The correlation relation between FBXL6 expression and (OS)
in GC was analyzed using the Kaplan-Meier plots (http://kmplot.com/), and their statistical
significance was obtained by the log-rank test.

Cell culture and stable transfection

Three gastric cancer cell lines (MKN-45, HGC-27, and MGC-803) were purchased from Fenghui Biotech-
nology Co., Ltd (Hunan Province, China), and gastric mucosal epithelial cell line (GES-1) was
maintained in laboratory. Cell cultured was performed using standard media supplemented 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin at 37 °C. Transfections were performed using
Fugene®HD (Promega) as per manufacturer instructions. Two short hairpin RNAs (sh-FBXL6#1 and sh-
FBXL6#2) and sh-NC negative control and overexpressed FBXL6 plasmid were obtained from
GeneChem company (Shanghai, China). the sequences of shRNA were as follows: sh-FBXL6#1: 5'-
CACCGGCATCAACCGTAATAG-3'; sh-FBXL6#2: 5-TGGAGTGGCTTATGCCCAATC-3’; infection of
HGC-27 and MKN45 cell lines with shFBXL6#1 and shFBXL6#2 and MGC-803 with OE-FBXL6, and
screening with puromycin (10 pg/mL) was performed for 1 wk to establish stable FBXL6 knockdown
and overexpression cell lines.

Western blotting

Tissues and cells were processed by performing lysis in the RIPA reagent containing 1 mmol/L PMSF,
and the protein was then prepared and quantified through bicinchoninic acid (BCA) analysis. The 20-pg
protein sample was separated via SDS-PAGE (8%-10%); the isolated proteins were then placed onto
polyvinylidene fluoride membranes (Millipore). Blocking was performed with 3% bovine serum
albumin (BSA) for 2 h, and the membrane was subsequently incubated at 4 °C for 12 h with the
following primary antibody: FBXL6 (1:1000; Abcam, United Kingdom) or anti-GAPDH (ZSGB, China),
Vimentin, E-cadherin, and N-cadherin (1:1000, Proteintech, China), matrix metalloproteinase-2 (MMP-2;
1:500, Abcam, United Kingdom), and MMP9 (1:500, Abcam, United Kingdom). The membranes were
then incubated with goat anti-rabbit and goat anti-mouse HRP (1:10000, Proteintech, China) for 2 h at 25
°C. Finally, the protein membranes were visualized using the ECL system (Tanon, Shanghai, China).

RT-qPCR

RT-qPCR was performed as described previously[16]. Total RNA was extracted from cells and sample
tissues using Trizol (Life Technologies, United States). The reverse transcriptase enzyme was used to
conduct reverse transcription of 2 pg of purified (Yeasen, Shanghai, China). RT-qPCR was conducted
with the appropriate primers using 2 x SYBR Green PCR Master Mix (Yeasen, Shanghai, China) and
using the light cycler 96 qPCR System (Roche, United States), and GAPDH as the control. The primer
sequences are as follows: FBXL6 forward, 5-GGAGACCGCATTCCCTTGG-3’; reverse, 5'-AAA-
ACCGATTGGGCATAAGCC-3'.

Immunofluorescence

Tissue and cellular immunofluorescence were performed as described in protocol. In this study, GC
cells were inoculated in 24-well plates (containing crawlers) and reached the appropriate density. The
cells on crawl sheets were then washed with phosphate-buffered saline (PBS) and fixed in 4% paraform-
aldehyde for 15 min. FBXL6-specific antibodies (1:100, Abcam, United Kingdom) were used overnight
and FBXL6-stained samples were incubated with secondary antibodies (Proteintech, China). Following
this, DAPI staining of cell nuclei was performed.

IHC

IHC experimental methods are identical to those reported in the literature[16]. The Intensity scores were
analyzed as follows: 0: No staining; 1: Low staining; 2: Medium staining; and 3: High staining. Propor-
tional scores were further classified as 0: 0%; 1: 1%-25%; 2: 26%-50%; 3: 51%-75%; and 4: > 75%.
Immunoreactivity scores were calculated by multiplying the intensity and percentage scores. Staining
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results were compared and scored by two independent pathologists.

5-Ethynyl-2’-deoxyuridine assay

Stably transfected GC cells were incubated in 12-well plates. Then 50 pM 5-ethynyl-2’-deoxyuridine
(EdU, Beyotime, Shanghai, China) was added to each well and incubated at 37 °C; however, the
incubation time varied on a cell-to-cell basis. Then the cells were fixated, permeabilized, and processed
with 200 pL of Hoechst 33342 to achieve nuclear staining. A fluorescence microscope was used to
capture images to determine the proportion of EdU-positive cells.

Cell proliferation and cell clone formation assay

Transfected GC cells were digested when their content reached 80%; these cells were then inoculated
into 96-well culture plates at 2 x 10%cells per well, cultured in 96-well contain standard medium, and cell
viability was assessed at 0 h, 24 h, 48 h, and 72 h applying the CCK-8 kit (Beyotime, Shanghai, China).
The absorbance value was then detected at 450 nm. For the cell clone formation assay, the stably
transfected cells were seeded into 6-well plates. After 2 wk, the cell debris was washed, clone cells were
fixed and stained with crystal violet (Beyotime, Shanghai China), and the number of clone cells was
calculated by the camera.

Wound healing assay

Transfected GC cells were prepared into a 6-well plate, and when their density reached 80% and
confluence and were sectioned with a 200 mL pipette. The surface of the cells was washed once with a
serum-free medium, and the cell debris was removed. The cells were then recorded and captured under
a microscope with a 100-fold magnification, and their position in the photograph was recorded.
Subsequently, each group of cells was then continued to incubate at 37 °C for 24 h. Finally, photographs
were captured and recorded, and the migration area of each group was calculated.

Transwell migration and invasion assay

The Transwell cell assay was used to evaluate the migration and invasion abilities of tumor cells.
Typically, invasion assays were constructed using BD Matrigel (Corning, United States) and covered the
upper chamber and GC cells (1 x 10°) were starved for 24 h in a medium without FBS, and the bottom
plate supplemented standard medium. After 24 h, the upper cells were removed and adhered to the
membrane’s lower surface, fixed, and stained with crystal violet. The cells visible in the field of view
were recorded and counted.

Animal study and in vivo tumorigenic assays

BALB/c female mice (age, 4 wk) were obtained from SLAC Laboratory Animal Company (Shanghai,
China). All nude mice were randomly raised and grouped in an SPF environment. Subcutaneous
injection of stable knockout sh-FBXL6#1 and sh-NC HGC-27 cells in nude mice. Furthermore, the length
and width of the tumor was recorded and calculated every 4 days using vernier calipers. Finally, the
weight of the tumor (mg) was recorded after the mice were euthanized. All animal experiments were
approved by the Experimental Animal Ethics Committee of Anhui Medical University (Approval:
LLSC2020513).

Statistical analysis

The Student’s two-tailed t-test was used to perform comparisons between the two groups, and
comparisons between multiple groups were performed using a one-way ANOVA. Associations between
FBXL6 levels and GC clinical data were analyzed using logistic analysis. All statistical analyses were
carried out using GraphPad Prism 8.0 software (GraphPad Software, United States) and SPSS 22.0 (IBM
Corp). All data are mean * SD. *P < 0.05, and °P < 0.01 indicated statistical significance.

RESULTS

FBXLE6 is highly expressed in GC samples and GC cell lines

To identify potential FBXL6 associations with GC, our analysis of the TCGA and GSE54129 datasets
revealed that FBXL6 expression was upregulated considerably more in GC sample than in adjacent
normal samples (Figure 1A and B, P < 0.001). Additionally, RT-qPCR and western blotting were used to
measure the expression of FBXL6 in primary GC samples. FBXL6 mRNA levels were significantly
elevated in GC tumors (Figure 1C, P < 0.001) and FBXL6 protein was significantly more enriched in GC
than in the normal tissue (Figure 1D, n = 4). IHC analysis showed that FBXL6 expression was dramat-
ically more abundant in GC tissues than in normal adjacent tissues (Figure 1E). To analyze the
relationship between FBXL6 and the clinical data of GC, As shown in Figure 1F, FBXL6 expression was
strongly associated with histological grade [3.711 (1.315-10.471), P = 0.013], pathological stage [11.250
(3.566-35.496), P < 0.001], T grade [4.444 (1.589-12.457), P = 0.047], and tumor size [5.111 (1.813-14.408), P
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Figure 1 F-box and leucine-rich repeat 6 is highly expressed in gastric cancer samples and gastric cancer cell lines. A and B: Higher
expression of F-box and leucine-rich repeat 6 (FBXL6) was found in gastric cancer (GC) samples than the matched normal tissues (based on GSE54129 and TCGA
database); C: Reverse transcription-quantitative polymerase chain reaction (RT-gPCR) analysis of FBXL6 mRNA expression in 68 pairs of GC patient samples; D:
Western blot analysis was performed using an antibody against FBXL6 in 4 pairs of GC patients’ samples; E: Outcomes of inmunohistochemical staining was
performed using an antibody against FBXL6 and representative photographs of FBXL6 in GC patients. Scale bar: 100 um; F: Relationship between FBXL6
expression and clinical parameters in GC by logistic analysis; G: RT-gPCR and Western blot analysis show the expression of FBXLG in different GC cell lines (MKN-
45, MGC-803 and HGC-27) and GES-1; H and I: Inmunofluorescence staining examine the expression and localization of FBXL6 were using in GC cells (H) and
tissues (1); J: Kaplan-Meier plots of overall survival and progression-free survival for GC samples from the K-M Plotter database. °P < 0.01; °P < 0.001. FBXL6: F-box
and leucine-rich repeat 6.
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= 0.002]. However, this correlation was not observed in terms of age [0.380 (0.135-1.072), P = 0.068], sex
[0.580 (0.213-1.575), P = 0.285], alcohol [1.453 (0.550-3.805), P = 0.447], CEA levels [0.696 (0.267-1.812), P =
0.458), lymph node metastasis [2.370 (0.541-10.387), P = 0.252], and Helicobacter pylori (H. pylori) infection
[1.255 (0.482-3.265), P = 0.642]. We subsequently investigated the FBXL6 protein and mRNA expression
levels in three GC cell lines. FBXL6 mRNA and protein (Figure 1G) were higher in the HGC-27, MGC-
803, and MKN-45 cell lines than in the GES-1 cell line. We consequently performed IF staining of the GC
tissues and cells. In MKN-45 and HGC-27 cell lines, FBXL6 was predominantly located in the cytoplasm
and nucleus (Figure 1H); FBXL6 protein staining in normal tissues was relatively lower than that in
tumor tissues (Figure 11). Notably, according to the Kaplan-Meier online database, patients with higher
FBXL6 Levels had shorter OS (Figure 1], HR = 2.7, P = 2.1e-15). Furthermore, these results strongly
suggest high expression and clinical relevance in GC patents.

FBXL6 promotes gastric cancer cell proliferation

In order to investigate the underlying role of FBXL6 on gastric cancer cells, a stable knockdown FBXL6
was constructed in MKN-45 and HGC-27 cells and overexpression in MGC-803 cells. The knockdown
could be effectively detected via RT-qPCR and western blot (Figure 2A and B, P < 0.01). Knockdown of
FBXL6 could suppress the proliferation ability of both HGC-27 and MKN-45 cells; notably, similar
results were observed in colony formation assays (Figure 2C-F, P < 0.01). In particular, this was noted
when knocking down FBXL6 resulted in a decrease in the number of clones. Furthermore, outcomes of
the EAU experiment indicated that FBXL6 knockdown suppressed the viability of GC cells (Figure 2G, P
< 0.01), whereas its overexpression promoted GC cell viability (Figure 2H, P < 0.01). These results
demonstrated that FBXL6 accelerated the proliferation of GC cells.

FBXL6 regulates gastric cancer cell migration

To accurately determine whether FBXL6 has an effect on the development of migratory and invasive
phenotypes cells, The findings of the wound healing assays demonstrated that the migration rate was
slower in the stable knockdown MKN-45 and HGC-27 cells (Figure 3A and B, P < 0.01); however, we
noted that FBXL6 overexpression promoted cell migration in MGC-803 (Figure 3C, P < 0.001). To
evaluate the impact of FBXL6 on the transwell assays were performed using both MGC-803 and
MKN45, and HGC-27 cells. The experimental results revealed that the knockdown of FBXL6
significantly reduced migration and invasion of HGC-27 and MKN-45 cells (Figures 3D and E, P <
0.001), whereas the overexpression of FBXL6 increased migration in MGC-803 (Figure 3F, P < 0.001).
Therefore, the outcomes of the present study suggested that FBXL6 could promote metastasis ability in
GC cells.
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Figure 2 F-box and leucine-rich repeat 6 promotes gastric cancer cell proliferation. A and B: Reverse transcription-quantitative polymerase chain
reaction and Western blot analysis of MKN45 and HGC-27 stably transfected with F-box and leucine-rich repeat 6 (FBXL6) knockdown and overexpression of FBXL6
in MGC-803 cells; C and D: CCK8 assay analyzed the proliferation of stable knockdown in MKN-45 and HGC-27 cell lines and overexpression in MGC-803 cell; E and
F: Colony formation assays were used to detect cell growth of knockdown FBXL6 in MKN-45 and HGC-27 or overexpression FBXL6 in MGC-803 cells; G and H: 5-
ethynyl-2-deoxyuridine assays help in the analysis of the viability of knockdown of FBXL6 in MKN-45 and HGC-27 cell or overexpression of FBXL6 in MGC-803; °P <
0.01; °P < 0.001. FBXL6: F-box and leucine-rich repeat 6.
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Knockdown of FBXL6 in GC cells suppressed tumorigenesis in vivo

The potential effects of FBXL6 on tumor growth in nude mice were evaluated that the HGC-27 cells
were stably transfected with sh-NC, and sh-FBXL6#1 was injected subcutaneously into each BALB/c
nude mouse. Figure 4A-C shows that the subcutaneous tumors in the sh-FBXL6#1 knockout group are
significantly lower in terms of volume and mean weight than the sh-NC group. Additionally, H&E
staining indicated that the sh-FBXL6#1 group had a lower nuclear malignancy than the sh-NC group
(Figure 4D, P < 0.001). Notably, IHC staining results revealed that FBXL6, N-cadherin, vimentin, and Ki-
67 expression were reduced in the sh-FBXL6#1 group. However, the expression levels of E-cadherin
appeared to increase (Figure 4E and F, P < 0.001). Therefore, our result proposed that the knockdown of
FBXL6 could reduce tumorigenesis and proliferation in vivo.

FBXL6 promotes the progression of GC cells through the EMT pathway

EMT has been recognized as a key factor present in all types of tumor metastases. These results showed
that the EMT pathway was dramatically inhibited, which led to an increase in the expression of E-
cadherin protein and a decrease in that of vimentin and N-cadherin protein in FBXL6-silenced HGC-27
cells. However, overexpression of FBXL6 showed the opposite effect in MGC-803 cells (Figure 5A and B,
P <0.001). MMP-9 and MMP?2 are essential MMPs associated with EMT and cell metastasis. Our results
demonstrated that MMP2 and MMP-9 expression was reduced in HGC-27 cells following the
knockdown of FBXL6, and were increased following the overexpression of FBXL6 in MGC-803 cells
(Figure 5C and D, P < 0.001). These studies demonstrated that FBXL6 promotes GC cell invasion and
metastasis by inducing EMT.

DISCUSSION

Identifying genes that are imperative to ensure GC development and progression or its behavioral
processes is of paramount importance to successfully explore potentially effective treatments. FBXL6 is a
member of the F-box protein (FBP) family and is reported to promote colon cancer progression and play
an anti-metastatic role in colon cancer[8]. Additionally, FBXL6 facilitates the stabilization and activation
of c-Myc protein through the prevention of HSP90AA1 degradation, which combines directly with the
FBXL6 promoter region to enhance mRNA expression in patients with hepatocellular carcinoma[17].
However, the effects of FBXL6 on GC remain unclear and require further elucidation. A new finding
from our results indicated that FBXL6 protein and mRNA levels were higher in GC tissues than those
normal tissues. Furthermore, the interaction between FBXL6 expression and clinicopathological features
was assessed in the current study and a positive correlation was identified between FBXL6 and tumor
size, histological grade, and TNM stage. Noteworthy, The Kaplan-Meier Plotter database showed that
FBXL6 expression was associated with a potentially poor prognosis of GC. Our results suggested that
FBXLS6 is a prognostic factor and oncogenic gene in GC patients.

The FBPs are substrate receptors for the SCF E3 ubiquitin ligase and play a critical role in recognizing
and recruiting polyubiquitinated substrate proteins[18]. Several studies have reported that FBPs are
strongly associated with human cancers and activity of the pertinent oncogenes[19,20]. Reportedly,
FBXL16 mechanistically promotes cell growth and migration through the antagonization of the activity
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Figure 3 F-box and leucine-rich repeat 6 regulates gastric cancer cell migration. A and B: Wound healing analysis to assess the migration of F-box
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and leucine-rich repeat 6 (FBXL6) knockdown stable cell lines or overexpression of FBXL6 in MGC-803 cells at 0 h and 24 h; C and D: Cell migration and invasion of
gastric cancer cells with (C) knockdown of FBXL6 or (D) overexpression of FBXL6 by transwell assay. E and F: The experimental results revealed that the knockdown
of FBXLS significantly reduced migration and invasion of MKN-45 cells (E), whereas the overexpression of FBXL6 increased migration in MGC-803 (F). °P < 0.01; °P
<0.001. FBXL6: F-box and leucine-rich repeat 6.
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of FBW7 and enhancement of the stability of c-Myc[21]. Furthermore, Yang et al[22] also noted that
FBXO39 was highly expressed in invasive cervical squamous cell carcinoma and that patients with high
FBXO39 expression presented with poorer disease prognosis than low expression patients.

In the past, studies have reported that the loss of FBXL6 reduces the growth and induces apoptosis in
ccRCC cells[23]. Consistent with our results related to GC cells, silencing of FBXL6 may inhibit the
proliferation and colony-forming ability, whereas FBXL6 overexpression demonstrated the opposite
effect. These findings were coherent with the effect of FBXL6 in vivo assays. In addition, FBXL6
expression knockout decreased the migration viability of GC cells, whereas the overexpression of FBXL6
enhanced cell migration ability. Therefore, our results suggested that FBXL6 acts as an oncogene in
gastric cancer by enhancing cell proliferation and invasion ability in vitro and in vivo. Nonetheless, the
molecular mechanisms through which FBXL6 regulates proliferation, migration, and invasion require
elucidation. Evidently, EMT is believed to play a critical influence in cancer invasion and metastasis,
with the main effects on the expression of E-and N-cadherin proteins[24]. Furthermore, EMT also has
been widely recognized as an essential factor in GC metastasis[25,26]. In this research, we determined
that silencing FBXL6 downregulated the N-cadherin and vimentin proteins, and increase E-cadherin
protein expression. Conversely, FBXL6 overexpression demonstrated the opposite results in GC cells.
Recent studies suggest that FBPs play a vital part in tumorigenesis and metastasis, and the research on
F-box proteins and EMT factors in cancers is increasing annually. To illustrate, FBXO22 protein
significantly reduced RCC cell metastasis ability by reversing EMT and inhibiting MMP-9 expression in
vitro[27]. Li et al[8] identified the fact that FBXW7 regulated MMP-2 and MMP-9 expression and
suppresses RCC metastasis through the EMT single pathway. The activation of MMP9 has been
implicated in the invasion and metastasis of GC[28]. Furthermore, MMP2 and MMP-9 are dramatically
associated with cell invasion and metastasis in particular; this progression may occur through the
digestion of the extra-cellular matrix in the basement membrane[29]. Therefore, the outcomes have
proved that FBXL6 expression downregulation reduced MMP2 and MMP9 protein expression and
inhibited GC invasion and metastasis ability. To summarize, these results provide mechanistic insight
into the role of FBXL6 in GC metastasis.

The fact that we did not further investigate the mechanism of action of FBXL6 in GC is a limitation of
this study. Owing to the limitations related to follow-up time, no clinical data were recorded that did
not allow for the use of statistics to elucidate the survival of the patients. Additionally, Whether or not
FBXL6 can bind other genes to induce the ubiquitination process in GC remain unknown. Future studies
warranted to investigate the potential mechanisms of FBXL6-mediated regulation of the expression of
EMT.

CONCLUSION

In conclusion, this study reported that FBXL6 expression was significantly enhanced in GC tissues and
GC cells, and the positive of FBXL6 expression was significantly associated with the prognostic
significance of GC patients and correlation between its expression and clinical features. Notably, FBXL6
promoted growth, migration, and invasion through the EMT signaling pathway of GC cells. Therefore,
future research needs concern that FBXL6 may have potential as an important prognostic indicator and
therapeutic destination for GC.
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Figure 4 Knockdown of F-box and leucine-rich repeat 6 in gastric cancer cells suppressed tumorigenesis in vivo. A: Images of tumor
formation in nude BALB/c mice after injection of sh-NC and sh-F-box and leucine-rich repeat 6 (FBXL6) #1 of HGC-27 cells into their subcutaneous; B: Tumor shape
of shRNA and sh-NC groups after dissection; C: The tumor growth curve in sh-FBXL6#1 and sh-NC groups; D: Hematoxylin and eosin staining detected tumor in sh-
FBXL6#1 and sh-NC groups; E and F: Immunohistochemical staining was performed to determine the tumor's expression of FBXL6, E-cadherin, N-cadherin,
Vimentin, and Ki-67. °P < 0.01; °P < 0.001. FBXL6: F-box and leucine-rich repeat 6.
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Figure 5 F-box and leucine-rich repeat 6 promotes the progression of gastric cancer cells through the epithelial-mesenchymal transition
pathway. A and B: The expression of epithelial-mesenchymal transition-associated markers (E-cadherin, N-cadherin and Vimentin) and Snail is shown using
western blot analysis; C and D: The expression of MMP-2 and MMP-9 was detected in the transfected gastric cancer cells by western blot. °P < 0.01; °P < 0.001.
FBXL6: F-box and leucine-rich repeat 6.
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ARTICLE HIGHLIGHTS

Research background

F-box and leucine-rich repeat 6 (FBXL6) have reportedly been associated with several cancer types.
However, the role of FBXL6 in the proliferation and epithelial-mesenchymal transition (EMT) of gastric
cancer (GC) remains to be investigated.

Research motivation

To investigate the effect of FBXL6 on the proliferation of GC cells and to find new therapeutic targets for
the treatment of GC.

Research objectives

The present study to clarify the effect of FBXL6 on the prognosis of GC patients and the proliferation
and EMT of GC cells.

Research methods

The expression of FBXL6 expression in GC tissues and cells was detected using RT-qPCR and Western
blotting. In vitro, stable FBXL6 knockdown and overexpressed GC cell lines were cultured, and the
proliferation, clone formation, migration and invasion ability of GC cells were examined using cholecys-
tokinin-8 assay, clone formation assay, wound healing assay and transwell assay, respectively. In vivo
tumor assays were performed to prove whether FBXL6 promoted cell proliferation in vivo. Western
blotting was used to detect the association of FBXL6 protein with EMT-related protein expression levels.
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Research results

FBXL6 expression is elevated in GC cells and tissues, and FBXL6 expression levels correlated with
histological grade, pathological stage, T grade, and tumor size. In vitro, endogenous silenced of FBXL6
suppressed GC cell proliferation, migration, invasion and EMT. In vivo, knockdown of FBXL6 inhibited
subcutaneous graft tumor growth in nude mice.

Research conclusions
FBXL6 expression is increased in GC tissues and cell lines. FBXL6 promotes the proliferation migration,
invasion, and epithelial-mesenchymal transition of GC cells.

Research perspectives
FBXL6 may have potential as an important prognostic indicator and therapeutic destination for GC.
Further search for potential cancer-promoting mechanisms of FBXL6 is needed in the future.
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