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ABSTRACT
Background/Aims: Esophageal cancer (ESCA) is a high-incidence disease worldwide, of which the 5-year survival rate remains dismal 
since the cellular basis of ESCA remains largely unclear. Herein, we attempted to examine the manifestation of fucosyltransferase-6 
(FUT6) in ESCA and the associated mechanisms.
Materials and Methods: The GSE161533 dataset was used to analyze a crucial gene in ESCA. The expression of FUT6 was investigated 
in normal esophageal epithelial cells and ESCA cell lines. Following FUT6 knockdown or overexpression, cell proliferation, migration, inva-
sion, and levels of epithelial–mesenchymal transition (EMT)-related and epidermal growth factor receptor (EGFR)/extracellular signal-
regulated kinase (ERK) signaling pathway-related proteins were evaluated using CCK-8, Transwell, and Western blotting with antibodies 
against EGFR, p-EGFR, E-cadherin, Vimentin, N-cadherin, ERK1/2, and p-ERK1/2), respectively. EGF was administered to stimulate the 
EGFR/ERK signaling pathway, followed by the assessment of cellular activity.
Results: Database analysis revealed that FUT6 was downregulated in the ESCA cells. Our study indicated that FUT6 is suppressed in 
various ESCA cell lines. Moreover, cell proliferation, invasion, migration, and EMT-related protein levels were conspicuously enhanced or 
restrained by FUT6 disruption or overexpression. FUT6 overexpression suppressed the malignant activities of the cells when stimulated 
by EGF, including inhibition of cell growth, movement, invasion, and EMT advancement, as well the reduction the levels of EGFR/ERK 
pathway proteins.
Conclusion: In conclusion, FUT6 can suppress the EGFR/ERK signaling pathway activated by EGF, leading to the potential attenuation 
of ESCA cell proliferation, invasion, migration, and EMT.
Keywords: Esophageal cancer, FUT6, EGFR/ERK signaling pathway, epit​helia​l-to-​mesen​chyma​l transition

INTRODUCTION
The 2020 Global Cancer Statistics report revealed that 
esophageal cancer (ESCA) has emerged as a world-
wide malignant neoplasm, with a staggering 6 604 100 
new cases, constituting 3.1% of all newly diagnosed 
cancers.1 Esophageal cancer is a high-incidence dis-
ease in China, with 150 000 deaths per capita in the 
whole year, ranking fourth in the prevalence of malig-
nant tumors.2 Due to the lack of symptoms and typical 

clinical manifestations in the early stage of the disease, 
most patients have been diagnosed at advanced stages 
at the time of diagnosis, often leading to poor prognosis. 
Consequently, the overall survival rate for patients with 
ESCA after 5 years is 20%.3 The development of ESCA 
is highly intricate, and as advancements in molecular 
biology continue, our understanding of its pathogen-
esis is consistently developing.4 However, the success-
ful clinical application of these molecules to improve 
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the management of patients with ESCA is still far away. 
Therefore, further elucidation of ESCA pathogenesis 
and identification of other more effective molecular 
markers are particularly important for the occurrence 
and development of ESCA and may be very helpful for 
screening other high-risk groups.

The epith​elial​-to-m​esenc​hymal​ transition (EMT) is a cru-
cial process involved in the advancement and spread of 
tumors.5 Epith​elial​-to-m​esenc​hymal​ transition is a con-
stantly changing process where epithelial cells trans-
form, losing their original characteristics, and adopting 
a mesenchymal phenotype. This change occurs through 
the elimination of E-cadherin or cytokeratin (epithelial 
markers) and the acquisition of N-cadherin or vimen-
tin (mesenchymal markers).6 These alterations involve 
changes in morphology, including restructuring of the 
cytoskeleton, interference with the cell’s ability to bind to 
other cells and the matrix, and the absence of cell polar-
ity.7 Collectively, these occurrences enhance tumor cell 
invasion, migratory properties, and ultimately metasta-
sis. Currently, sufficient evidence demonstrates the key 
role of EMT during ESCA development and progression. 
Therefore, this study attempted to screen out potential 
indicators for the management, including diagnosis and 
treatment of ESCA, by using EMT as an entry point.

DNA microarrays are now widely used as powerful tools 
for detecting cancer, enabling rapid identification and 
classification of cancers, and detecting cancer-related 
genes for early diagnosis and treatment.8 Currently, DNA 
microarray technology is an important means for high-
throughput screening of differentially expressed genes 
and has been widely used in many fields, including sci-
entific research, drug screening, and clinical diagnosis. 
Accordingly, in this study, GSE161533 was obtained after 
searching the ESCA-related microarray dataset using the 

GEO database. After analyzing the microarray samples, it 
was found that fucosyltransferase 6 (FUT6) was down-
regulated in tumor tissue samples of patients with ESCA, 
suggesting that FUT6 may be a key gene affecting the 
behavior of cells in ESCA. A previous study indicated that 
FUT6 functions as a gene that inhibits the development 
of head and neck squamous cell carcinoma as well as 
breast cancer.9,10 Nevertheless, information regarding the 
involvement of FUT6 in ESCA is lacking.

In this study, the combination of the GEPIA online data-
base and the GSE161533 microarray dataset was applied 
to investigate the FUT6 expression profile in tumor tissue 
samples of patients with ESCA. Subsequently, the effects 
of FUT6 on the proliferation, migration, invasion, and EMT 
of ESCA cells were explored based on ESCA cell lines with 
FUT6 knockdown and overexpression. This study aimed 
to provide a new target for finding diagnostic indicators 
and developing drugs for the management of ESCA.

MATERIALS AND METHODS
Bioinformatics Analysis
The ESCA-related microarray datasets were chosen from 
the GEO database, the world’s largest and most exten-
sive public gene expression database, accessible at https​
://ww​w.ncb​i.nlm​.nih.​gov/g​eo/. The microarray matrix file 
GSE161533 contains 84 samples of normal and para-
tumor and tumor tissue samples from 28 patients with 
ESCA, downloaded from the GPL570 platform. The dif-
ferential expression analysis was processed based on the 
normal and tumor tissue samples through the analysis 
tool in GEO, GEO2R, with the threshold set as FDR < 0.05 
and |Fold Change| ≥ 1.3.

The expression levels of FUT6 were also investigated 
based on the GEPIA database (http:​//gep​ia.ca​ncer-​pku.c​
n/), which contains 182 ESCA tumor tissue samples and 
286 paired normal tissue samples.

Cell Culture
Human ESCA cell lines (KYSE-30, OE-19, KYSE-150, and 
TE-1) and Het-1A, a normal esophageal epithelial cell, 
were purchased from Procell (Heidelberg, Germany). Cells 
were maintained in Dulbecco’s modified Eagle medium 
(DMEM) supplemented with 10% fetal bovine serum 
(Gibco, USA) and 1% (v/v) penic​illin​–stre​ptavi​din (cat. no. 
P4333, Sigma-Aldrich, USA) and cultured at 37°C under 
5% CO2. To achieve the activation of the EGFR/ERK sig-
naling pathway, EGF (cat. no. SRP3027, Sigma-Aldrich; 

Main Points
•	 Fucosyltransferase-6 (FUT6) was identified as a key gene 

in esophageal cancer (ESCA).
•	 FUT6 was downregulated in ESCA.
•	 FUT6 contributes to preventing ESCA cell proliferation, 

migration, and invasion.
•	 FUT6 inhibits epithelial–mesenchymal transition (EMT) 

and the epidermal growth factor receptor (EGFR)/extracel-
lular signal-regulated kinase (ERK) signaling pathway in 
ESCA cell lines.

•	 FUT6 suppressed the cell viability and EMT of ESCA cell 
lines via the EGFR/ERK signaling pathway.
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final concentration, 50 ng/mL) was added to the medium 
for 24 hours of incubation, while 1% bovine serum albu-
min (BSA; cat. no. 9048-46-8, Sigma-Aldrich) was used 
as the negative control for EGF.

Cell Transfection
The shRNA designed using the full-length FUT6 gene 
sequence (Gene ID: 2528) and the pcDNA-FUT6 recom-
binant plasmid constructed using purified FUT6 cDNA 
were designed by Shanghai Jima Biotechnology Co., Ltd. 
(Shanghai, China). Briefly, when the cells grew to 50%-
75% confluency, overexpressed FUT6 vector (oe-FUT6) 
and sh-FUT6 were transfected into TE-1 and OE-19 
cells using Lipofectamine 3000, respectively. In each 
well, 50 nmol/L shRNA or pcDNA and 2 μL liposomes 
were dissolved in 100 μL serum-free DMEM medium, 
respectively, and the above 2 liquids were gently mixed 
for 5 minutes and then incubated for 20 minutes. Next, 1 
mL of DMEM medium combined with the above mixture 
was added to each well for overnight incubation at 37°C. 
The untransfected group (control) and the transfected 
empty vector interference groups (oe-NC and sh-NC) 
were set up for the following experiments 72 hours post 
transfection.

Cell Proliferation Assay
TE-1 and OE-19 cells were seeded into a 96-well plate at 
a cell density of 2 × 103 cells/well. Following incubation for 
24, 48, and 72 hours, 10% (v/v) of CCK-8 solution (cat. 
no. CK04, Dotsujima, Japan) was introduced for a further 
2-hour incubation at 37°C. Subsequently, the absorbance 
at 450 nm was assessed with a microplate reader.

Cell Migration and Invasion Assays
Transwell chambers (cat. no. CLS3470, Corning, USA) 
were positioned on a 24-well plate to conduct the cell 
migration and invasion assays. Subsequently, the upper 
chamber was seeded with cells and added to serum-free 
DMEM, whereas the lower chamber was supplemented 
with DMEM containing 10% (v/v) fetal bovine serum. 
After 24 hours, the cells were subjected to staining using 
a solution of 0.1% crystal violet. The upper chamber was 
cleared of unmigrated cells using a cotton swab after 
treatment with 5% crystal violet solution made with 
methanol. Using a microscope, photographs of 3 separate 
areas were taken, and cell counts were conducted. For the 
cell invasion assay, the steps are similar to the migration 
assay except the Transwell chamber was pre-coated with 
50 µL of diluted Matrigel.

Reverse Trans​cript​ion-Q​uant​itati​ve Polymerase Chain 
Reaction (RT-qPCR)
After extracting total RNA from cells with Trizol reagent, 
RNA was converted into cDNA with a reverse transcription 
kit (cat. no. A3500; Promega, USA) according to the man-
ufacturer’s instructions, followed by carrying out experi-
ments with SYBR PremixEx Taq kit (cat. no. RR420A, 
TaKaRa, Japan). Based on the 2−ΔΔCT method, the relative 
expression of FUT6 mRNA was calculated, with GAPDH 
serving as an internal reference. The RT-qPCR primers 
were as follows: FUT6	 ( F o r ​w a r d — ​A T G T G ​G C C C C​
TGGGT​TTATG​, Rever​se—CT​GTTTG​GTTCT​GCAAC​GGG) 
and GAPDH (Forw​ard—T​GTAGG​CTCAT​TTGCA​GGGG,​ 
Rever​se—TC​CCATT​CCCCA​GCTCT​CAT).​

Western Blotting
The gathered cells were rinsed thrice using phosphate-
buffered saline and then broken down using protease 
and phosphatase inhibitors in radio​immun​oprec​ipita​tion 
assay lysate (Cell Signaling Technology, USA) for 10 min-
utes while kept on ice. The Bio-Rad protein assay supplied 
by Hercules was applied to determine protein concentra-
tions. An equal quantity of protein samples was sepa-
rated using 12% SDS-PAGE. Subsequently, the samples 
were transferred to polyvinylidene difluoride membranes 
(Millipore, USA) prior to 1 hour blocking with 5% skim milk. 
Primary antibodies against FUT6 (cat. no. abs106810; 
Absin, USA), E-cadherin (cat. no. AF0138; Beyotime, 
China), N-cadherin (cat. no. AF0243; Beyotime), Vimentin 
(cat. no. AF0318; Beyotime), EGFR (cat. no. AF5153; 
Beyotime), ERK1/2 (cat. no. AF1051; Beyotime), P-EGFR 
(cat. no. AF5794; Beyotime), P-ERK1/2 (cat. no. AG2954; 
Beyotime), and GAPDH (cat. no. AF0006; Beyotime) 
were incubated overnight at 4°C. Afterward, the second-
ary antibodies (1:3000, Santa Cruz) were incubated for 1 
hour at ambient temperature. Following elect​roche​milum​
inesc​ence imaging, grayscale analysis was conducted 
using Image J software, while Image-Pro Plus was used 
to examine optical density. The protein expression levels 
in each group were determined by comparing them with 
those of GAPDH, which served as an internal reference. 
The relative content of the target protein in the control 
group was set to 1. The experiment was repeated thrice.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 
version 8.0. (GraphPad Software, Boston, Massachusetts 
USA) and the data in this study are presented as the mean 
± SEM. To assess the significant disparity between the 2 
groups, the t-test was employed. Differences between 
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more than 2 groups were analyzed using ANOVA. A sig-
nificance level of less than .05 (P <  .05) was considered 
statistically significant.

RESULTS
FUT6 Was Downregulated in ESCA
In this study, we obtained the ESCA-related microarray 
dataset GSE161533 from the GEO database and found 
that FUT6 expression was downregulated in tumor tissue 
samples from patients with ESCA using GEO2R analysis 
(Figure 1A). Similarly, the examination using the GEPIA 
data indicated a significant decrease in FUT6 expression in 
the 182 ESCA tumor samples compared with the 286 cor-
responding normal or para-cancerous tissues (Figure 1B). 

To confirm this discovery, four distinct ESCA cell lines 
(KYSE-150, KYSE-30, OE-19, and TE-1) and esopha-
geal normal epithelial cells (Het-1A) were cultivated. 
Subsequently, FUT6 expression levels in each cell line were 
assessed using RT-qPCR and Western blotting. As shown 
in Figures 1C and 1D, FUT6 expression was significantly 
reduced in all ESCA cell lines compared with Het-1A. This 
observation aligns with the findings obtained from the 
analysis of GSE161533 microarray and GEPIA data.

The Role of FUT6 in the Proliferation, Migration, and 
Invasion of ESCA Cell Lines
To explore whether FUT6 contributes to the malignant 
behaviors of ESCA cells, based on FUT6 expression in 

Figure 1.  FUT6 was downregulated in ESCA. (A) Based on the GSE161533 microarray dataset, the FUT6 expression in 28 paired normal 
tissues and tumor tissues from 28 patients with ESCA was analyzed using GEO2R. (B) Box plots of differential expression of FUT6 in 182 
ESCA tumor tissues and 286 normal tissues were obtained based on the GEPIA database. (C) RT-qPCR measurement of the FUT6 mRNA 
levels in KYSE-30, KYSE-150, OE-19, TE-1, and Het-1A cell lines. (D) Western blotting of the FUT6 protein levels in KYSE-30, KYSE-150, 
OE-19, TE-1, and Het-1A cell lines. Data: mean ± SEM. N = 3. ***P < .001 vs. the Het-1A group.



Lao et al. FUT6 Prevents ESCA Progression Turk J Gastroenterol 2024; 35(9): 699-708

703

ESCA cell lines, FUT6 was knocked down by transfection 
with shRNA in the OE-19 cell line, which had the highest 
expression of FUT6, while the TE-1 cell line, with the lowest 
expression of FUT6, was overexpressed FUT6. Figure 2A 
shows that FUT6 expression levels were increased 12-fold 
after transfection with the oe-FUT6 overexpression vector 
in the TE-1 cell line. Two different shRNAs were selected 
to target FUT6 knockdown to avoid off-target effects, and 
sh-FUT6#2 displayed a higher knockdown efficiency than 
sh-FUT6#1; therefore, sh-FUT6#2 was applied for the 
follow-up study (Figure 2A). In the clarification of the role 
of FUT6 in ESCA, CCK-8 and Transwell assays revealed 
that the cell proliferative (Figure 2B), migration (Figure 2C), 
as well as invasive (Figure 2D) abilities were all reduced 
after stable overexpression of FUT6 in the TE-1 cell line. 
However, the optical density value and the number of 
cells crossing the Transwell chamber were significantly 
increased after FUT6 knockdown in the OE-19 cell line 
(Figure 2B-D). These findings indicate that FUT6 may con-
tribute to the prevention of ESCA growth and metastasis.

FUT6 Is Involved in EMT and the EGFR/ERK Signaling 
Pathway in ESCA Cell Lines
Epith​elial​-to-m​esenc​hymal​ transition is widely recog-
nized as a crucial process that drives tumor advancement, 
including metastasis. In addition, the signaling of epidermal 
growth factor receptor (EGFR) significantly affects EMT 
in various cancers, including ESCA. Therefore, this study 
delved deeper into the impact of abnormal FUT6 expres-
sion on proteins associated with EMT and the EGFR/ERK 
signaling pathway in ESCA cell lines. In the TE-1 cell line, 
Western blotting results revealed that FUT6 upregulation 
significantly enhanced the levels of E-cadherin protein 
while reducing the levels of N-cadherin and Vimentin 
proteins, whereas the above proteins were expressed 
in the opposite pattern in the OE-19 cell line with FUT6 
knockdown (Figure 3A). In addition, FUT6 overexpression 
preeminently contributes to suppressing the EGFR/ERK 
signaling pathway, as evidenced by the decreased protein 
levels of p-EGFR and p-ERK1/2. In contrast, significantly 
increased p-EGFR and p-ERK1/2 protein levels were 
observed after FUT6 knockdown (Figure 3B). Altogether, 
FUT6 inhibited EMT and the EGFR/ERK signaling pathway 
in ESCA cell lines.

FUT6 Suppressed the Proliferation, Migration, Invasion, 
and EMT of the ESCA Cell Lines via the EGFR/ERK 
Signaling Pathway
To gain a deeper comprehension of how FUT6 controls 
EMT, migration, and invasion in ESCA cell lines, EGF was 

used as a stimulant to target the EGFR/ERK signaling 
pathway. Upon EGF stimulation, Western blotting results 
revealed significantly decreased protein levels of p-EGFR 
and p-ERK1/2 due to the notable overexpression of FUT6. 
Moreover, EGF treatment increased the protein levels of 
p-EGFR and p-ERK1/2 compared with the group treated 
with 1% BSA (Figure 4A). Further experiments on cell 
function demonstrated that EGF stimulation significantly 
enhanced not only cell proliferation (Figure 4B) but also 
migration (Figure 4C) and invasion (Figure 4D) of ESCA 
cells. Additionally, it increased the expression levels of 
E-cadherin and Vimentin proteins, while decreasing that 
of N-cadherin (Figure 4E). Notably, FUT6 upregulation 
upon EGF stimulation significantly inhibited malignant 
cellular activities, including cell growth, movement, inva-
sion, and EMT advancement (Figure 4B–E). The results 
suggest that FUT6 effectively suppresses the malignant 
activity of ESCA cell lines by repressing the activation of 
the EGFR/ERK signaling pathway.

DISCUSSION
In the field of ESCA research, there have been many liter-
ature reports on the predictive value of various molecular 
markers for treatment response and prognosis of ESCA. 
The continuous development of genetic databases in 
recent years has opened up avenues of research where 
potential ESCA markers and molecular targets can be 
screened by identifying relevant differential genes.11 In 
this study, our data demonstrated that FUT6 can impair 
the capabilities of proliferation, invasion, and migration of 
ESCA cell lines in vitro. Mechanistically, FUT6 inhibits EMT 
of ESCA cell lines by suppressing the EGFR/ERK signaling 
pathway activated by EGF.

FUT6 belongs to the fucosyltransferase family, encod-
ing α-1,3​-fuco​syltr​ansfe​rase,​ which catalyzes the trans-
fer of fucosyltransferase from GDP-α-L-Fuc to FucT on 
the N-acetylglucosamine (GlcNAc) 3 position outside 
the sugar chain. It synthesizes the Lewis lineage antigens 
(Lea and Lex) and the sialylated Lewis lineage-associated 
antigens (sLea and sLex), which significantly affect tumor 
formation and progression.12 Li et al9 discovered a signifi-
cantly lower FUT6 expression level in breast cancer cell 
lines compared to the normal cell line. This decreased 
expression of FUT6 was found to be involved in the 
movement, infiltration, and growth of human breast 
cancer cells. However, Liang et al13 discovered that FUT6 
could promote the growth, invasion, and angiogenesis 
of colorectal carcinomas via the miR-125a-3p/PI3K/Akt 
axis. Bai et  al14 proposed that circSND1 activates FUT6 
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Figure 2.  FUT6 contributes to the prevention of the proliferation, migration, and invasion of ESCA cells. (A) RT-qPCR and Western blotting of the 
FUT6 mRNA and protein levels in TE-1 or OE-19 cells, transfected with oe-FUT6 or sh-FUT6#1 and sh-FUT6#2. (B) CCK-8 assay check of the 
proliferation ability of TE-1 and OE-19 cells, transfected with oe-FUT6 or sh-FUT6#2, respectively. (C) Transwell assay check of the migration 
ability of TE-1 and OE-19 cells, transfected with oe-FUT6 or sh-FUT6#2, respectively. (D) Transwell assay check of the invasion ability of TE-1 
and OE-19 cells, transfected with oe-FUT6 or sh-FUT6#2, respectively. Data: mean ± SEM. N = 3. **P < .01, ***P < .001 vs. oe-NC or sh-NC group.
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Figure 3.  FUT6 inhibits EMT and the activation of the EGFR/ERK signaling pathway in ESCA cells. (A) Western blotting of the expression 
levels of E-cadherin, N-cadherin, Vimentin proteins in TE-1 and OE-19 cells, transfected with oe-FUT6 or sh-FUT6#2, respectively. (B) 
Western blotting of the protein levels of p-EGFR, EGFR, p-ERK1/2, and ERK1/2 proteins in TE-1 and OE-19 cells, transfected with oe-FUT6 
or sh-FUT6#2, respectively. Data: mean ± SEM. N = 3. **P < .01, ***P < .001 vs. oe-NC or sh-NC group.
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Figure 4.  FUT6 suppressed the proliferation, migration, invasion, and EMT of ESCA cells via the EGFR/ERK signaling pathway. (A) Western 
blotting of the protein expression levels of p-EGFR, EGFR, p-ERK1/2, and ERK1/2 in TE-1 cells transfected with oe-FUT6 in the presence of 
EGF (50 ng/mL) or 1% BSA, ***P < .001 vs. oe-NC group. (B) CCK-8 assay measurement of the proliferation of TE-1 cells transfected with 
oe-FUT6 in the presence of EGF (50 ng/mL) or 1% BSA. (C) Transwell assay measurement of the migration of TE-1 cells transfected with 
oe-FUT6 in the presence of EGF (50 ng/mL) or 1% BSA. (D) Transwell assay measurement of the invasion of TE-1 cells transfected with 
oe-FUT6 in the presence of EGF (50 ng/mL) or 1% BSA. (E) Western blotting of the protein expression levels of E-cadherin, N-cadherin, and 
Vimentin in TE-1 cells transfected with oe-FUT6 in the presence of EGF (50 ng/mL) or 1% BSA. Data: mean ± SEM. N = 3. **P < .01, ***P < .001 
vs. 1% BSA + oe-NC group. ###P < .001 vs. EGF + oe-NC group.
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expression through a mechanism that promotes the 
malignant behavior of cervical carcinomas. Furthermore, 
Guo et  al15 characterized FUT6 in human hepatocellular 
carcinoma and found that FUT6 and its catalytic product, 
sLex, were strikingly increased in hepatocellular carci-
noma tissues, and that FUT6 upregulation in hepatocel-
lular carcinomas enhanced S-phase cell populations and 
encouraged cell growth and colony-forming ability. The 
above illustrates the multifaceted nature of FUT6 expres-
sion, which plays different roles in different tumors. This 
study revealed that ESCA cells exhibited a relatively low 
level of FUT6 expression. Introducing the overexpres-
sion vector of FUT6 through transfection hindered the 
proliferation, migration, and invasion of ESCA cells. Our 
findings provide an indication that FUT6 acts as a tumor 
suppressor gene, exerting an anti-tumor effect on ESCA.

Epith​elial​-to-m​esenc​hymal​ transition is crucial in spread-
ing carcinomas to surrounding areas and infiltrating 
healthy tissues, serving as a pivotal factor in the pro-
gression of tumor cells toward malignancy.16 Epith​elial​
-to-m​esenc​hymal​ transition is a biological phenomenon 
in which epithelial cells are converted to have a mesen-
chymal phenotype through a specific program due to the 
loss of epithelial phenotypes such as loss of polarity and 
connectivity with surrounding cells and basement mem-
branes, thereby acquiring a high capacity for migration, 
invasion, resistance to apoptosis, and degradation of the 
extracellular matrix.17 During the malignant evolution of 
ESCA, EMT allows tumor cells to infiltrate and metasta-
size and ESCA cells to escape apoptosis induced by cer-
tain factors.18 Research has confirmed that in ESCA cells, 
the occurrence of EMT primarily presents as a reduc-
tion in E-cadherin expression. This alteration allows the 
cells to acquire traits that facilitate invasion and metas-
tasis. Consequently, the absence of E-cadherin was 
widely known as the most critical attributor of EMT.19 
Additionally, EMT relies on the presence of certain cru-
cial genes, including Vimentin, Snail, and N-cadherin, as 
significant indicators.20 Research has indicated that EMT 
in carcinomas encompasses various signaling pathways, 
such as the EGFR/ERK signaling pathway. The EGFR/ERK 
signaling pathway is known to play a crucial role in tumori-
genesis due to its regulation of cell proliferation and dif-
ferentiation.21 Studies have confirmed that the EGFR/
ERK signaling pathway is overexpressed in ESCA tissues 
and plays a decisive role in ESCA pathophysiology. A study 
revealed that suppressing EGFR/ERK signaling pathway 
activation could promote apoptosis and enhance the 
radiosensitivity of ESCA cells.22 Zhao et al23 demonstrated 
that cetuximab can act as a potent radiosensitizer for 

ESCA due to its regulatory role in the EGFR/ERK signal-
ing pathway. These results suggest that the malignant 
behavior of ESCA can be effectively repressed by treating 
the EGFR/ERK signaling pathway as a target to prevent its 
activation. In this study, we found that FUT6 overexpres-
sion preeminently contributes to suppressing EMT and 
the EGFR/ERK signaling pathway, as evidenced by the 
decreased N-cadherin, Vimentin, p-EGFR, and p-ERK1/2 
protein levels and the increased E-cadherin protein levels. 
Subsequently, EGF was introduced as an activator target-
ing the EGFR/ERK signaling pathway to further explore its 
regulation by FUT6. Currently, it is generally accepted that 
EGF is an important ligand capable of binding and activat-
ing EGFR.24 These findings indicated that FUT6 overex-
pression significantly suppressed the malignant activities 
of cells, such as cell growth, movement, infiltration, and 
EMT advancement, following EGF stimulation. A previous 
study showed that FUT6 overexpression in non-small-
cell lung cancer cells affected the growth, movement, as 
well as infiltration of tumor. This increased the expression 
level of E-cadherin and decreased that of N-cadherin and 
Vimentin. Consequently, the levels of phosphorylation of 
EGFR, ERK, STAT, and c-Myc were ultimately reduced.10 
It was confirmed that FUT6 could regulate EMT and the 
EGFR/ERK signaling pathway during tumor progression. 
Accordingly, we propose the conclusion that FUT6 sup-
presses the malignant function of ESCA cells by inhibiting 
the EGFR/ERK signaling pathway.

This study identified the ability of FUT6 to regulate the 
malignant behavior of ESCA cells for the first time, provid-
ing a new understanding of the ESCA process and laying 
a certain foundation for the next in-depth study on the 
mechanism of the tumor suppressor effect of FUT6 as 
well as the development of targeted therapies. However, 
this research had several limitations. First, this study is 
based on the cellular level, and animal experiments should 
be conducted to further validate the role of FUT6 in ESCA 
xenograft mice. This study revealed that FUT6 is relatively 
downregulated in ESCA cells, and whether FUT6 expres-
sion profile is similarly in clinical tumorous samples of 
patients with ESCA needs to be confirmed by incorporat-
ing clinical trials.

In conclusion, this study demonstrated that FUT6 can 
diminish the growth and invasion of ESCA cells under lab-
oratory conditions. In terms of mechanism, FUT6 hinders 
EMT in ESCA cells by repressing the EGFR/ERK signaling 
pathway triggered by EGF. Our findings provide a new 
understanding of ESCA development and lay a founda-
tion for the next in-depth study on the mechanism of the 
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tumor suppressor effect of FUT6 as well as the develop-
ment of targeted therapies.
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