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Abstract. GATA binding protein 6 (GATA6) is a transcrip‑
tion factor involved in cell fate decision making and tissue 
morphogenesis and serves a significant role in the progression 
of a number of types of cancer. The present study aimed to 
investigate the role and mechanisms underlying the effects of 
GATA6 in oral squamous cell carcinoma (OSCC). The expres‑
sion levels of GATA6 were determined in a number of OSCC 
cell lines and the expression of GATA6 was knocked down 
to evaluate its role in the proliferation, invasion and migra‑
tion of OSCC cells. Subsequently, the association between 
GATA6 and fibronectin 1 (FN1) was investigated using bioin‑
formatics and further verified using dual‑luciferase reporter 
and chromosomal immunoprecipitation assays. Following the 
overexpression of FN1 in OSCC cells with GATA6 silencing, 
functional assays were performed to assess the mechanisms 
underlying GATA6 in OSCC progression. The results of the 
present study indicated that OSCC cells exhibited markedly 
upregulated expression levels of GATA6, while knockdown of 
GATA6 inhibited the proliferation, colony formation, invasion 
and migration of OSCC cells. In addition, GATA6 regulated 
FN1 expression levels by binding to the FN1 promoter. The 
suppressive effects of GATA6 knockdown on the prolifera‑
tion, colony formation, invasion and migration of OSCC cells 
were abolished following FN1 overexpression. In conclusion, 
the findings of the present study demonstrated that GATA6 
promoted the malignant development of OSCC cells by binding 
to the FN1 promotor. These results may contribute to further 
understanding the pathogenesis of OSCC and provide potential 
therapeutic targets for the clinical treatment of OSCC.

Introduction

Oral cancer is a major public health concern which accounts for 
the fourth highest incidence of malignancy (1). Oral squamous 
cell carcinoma (OSCC) is the most common malignant neoplasm 

of the oral cavity (2,3). A large number of patients with OSCC are 
often diagnosed at advanced stages and therefore face complex 
surgical procedures and a poor prognosis (4). Although current 
research focuses on novel treatment options for OSCC, the 
prognosis remains poor (5). Thus, investigations into the poten‑
tial mechanisms underlying the pathogenesis of OSCC may be 
beneficial for the discovery of novel treatment options for OSCC.

GATA binding protein 6 (GATA6) is a member of the 
GATA transcription factor family that binds to the (A/T)
GATA(A/G) consensus sequence for the activation or inhi‑
bition of expression of genes involved in cell fate decision 
making and tissue morphogenesis (6). GATA6 is an essential 
factor in modulating cell differentiation and tumor dissemi‑
nation and is regarded as an independent risk factor for the 
prognosis of ovarian cancer (7,8). The results of previous 
studies demonstrate that GATA6 is expressed at high levels in 
a number of types of cancer, including cholangiocarcinoma, 
gastric and colorectal cancer (9‑11). Additionally, GATA6 is 
significantly increased in oral carcinoma cell lines (12). The 
results of a previous study also demonstrated that regulation 
of microRNA (miRNA/miR)‑506 suppresses the expression 
of GATA6, thus prolonging the development of OSCC (13). 
However, the specific effects of GATA6 on the proliferation, 
invasion and migration of OSCC cells remain to be elucidated. 
Fibronectin 1 (FN1), a glycoprotein present in the extracellular 
matrix, is closely associated with cellular adhesion and migra‑
tion (14). The results of a previous study demonstrated that 
FN1 is considered as a potential biomarker in OSCC associ‑
ated with the tongue, mouth floor and edentulous ridge (15). 
Furthermore, inhibition of FN1 suppresses the development 
of OSCC (16). Thus, the present study aimed to determine 
whether GATA6 promoted the malignant development of 
OSCC by inducing FN1 expression.

In the present study, the expression of GATA6 was deter‑
mined in a number of OSCC cell lines and the subsequent 
effects on proliferation, invasion and migration of OSCC cells 
were investigated. Furthermore, the role of FN1 in GATA6 
expression and the progression of OSCC was explored.

Materials and methods

Bioinformatics analyses. The expression of GATA6 and FN1 
in OSCC tissues and adjacent tissues was analyzed using 
the TNMplot database (https://tnmplot.com; the parameters 
used were Gene‑Chip and unpaired samples) (17). The GSE 
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dataset GSE146483 (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE146483) consisting of 11 samples (8 OSCC 
and 3 human normal oral mucosal epithelial keratinocytes) 
was downloaded from the GEO database (https://www.ncbi.
nlm.nih.gov/geo/) and analyzed using GEO2R. Relative gene 
expression analysis of GATA6 in head and neck squamous 
cell carcinoma (HNSC) was conducted through LinkedOmics 
(https://www.linkedomics.org/login.php/) using HiSeq RNA 
Platform (18). Gene enrichment analysis was conducted by 
WebGestalt (http://www.webgestalt.org/) using the Gene Set 
Enrichment Analysis (GSEA) tool and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) functional database (FDR <0.25, 
adjusted P‑value <0.05). The potential transcription factor 
binding sites in the promoter of FN1 and GATA6 were 
predicted by JASPAR (http://jaspar.genereg.net/) database.

Cell lines. Human normal oral mucosal epithelial keratinocytes 
(HOK) and OSCC cell lines (HN4, HN6, SCC‑9 and Cal‑27), 
were purchased from the American Type Culture Collection 
and cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
containing 10% FBS (Hyclone; Cytiva) at 37˚C and 5% CO2.

Cell transfection. Cal‑27 cells in the logarithmic phase 
were inoculated into a 96‑well plate and cultured until 70% 
confluence was reached. Small interfering (si)RNA targeting 
GATA6 [si‑GATA6‑1 (TAGAGTTATTGTGTTAAGAAAGT) 
and si‑GATA6‑2 (TAGCGAAGTACTCATAATCTAAT)], the 
corresponding negative control (si‑NC), FN1 overexpression 
pcDNA3.1 plasmid (Oe‑FN1) and the empty vector plasmid 
(Oe‑NC), at a concentration of ~20 µM, were obtained from 
Shanghai GenePharma Co., Ltd. Cells were transfected using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Cells were 
incubated with 5% CO2 at 37˚C and were used in subsequent 
experiments after 48 h of transfection. Successful transfection 
was determined using reverse transcription‑quantitative (RT‑q)
PCR and western blot analysis.

Cell viability assay. A total of 4x104 cells/well were seeded 
into a 96‑well plate along with 10 µl Cell Counting Kit‑8 solu‑
tion (Shanghai Yeasen Biotechnology Co., Ltd.) and incubated 
in cell culture medium for 2 h. The viability was subsequently 
analyzed at a wavelength of 450 nm in a microplate reader 
(Promega Corporation).

Colony formation. Cal‑27 cells were seeded into 96‑well plates 
at a density of 2x104 cells/well and cultured for 10 days for the 
formation of colonies defined as >50 cells/colony. Cells were 
washed three times with PBS and fixed using 4% polyoxymeth‑
ylene for 15 min at 37˚C. Cells were subsequently stained with 
crystal violet for 10 min at 37˚C, images were captured using 
a light microscope (magnification, x10; Olympus Corporation) 
and the colonies counted.

Transwell assay. For the evaluation of cell invasion, the upper 
chamber was pretreated with 100 µl Matrigel (BD Biosciences) at 
37˚C for 30 min. A total of 1x105 Cal‑27 cells suspended in 200 µl 
serum‑free DMEM were plated in the upper chamber of a 24‑well 
8‑µm pore Transwell insert (Costar; Corning, Inc.). Subsequently, 
DMEM containing 10% FBS was placed in the basolateral 

chamber. Invaded cells were fixed with 4% paraformaldehyde 
for 20 min at room temperature, washed three times with PBS 
and stained with crystal violet for 10 min at room temperature. 
The cells were observed under a light microscope (Olympus 
Corporation) (magnification, x100) for statistical analysis.

Wound healing assay. Cal‑27 cells were inoculated into 
96‑well plates and incubated until 80% confluence was 
reached. A 10‑µl pipette tip was used to create a wound on the 
surface of the Cal‑27 cells. Cells were subsequently cultured 
in serum‑free DMEM. Following an indicated time after the 
scratch, the migratory ability of Cal‑27 cells was observed 
using a light microscope (Olympus Corporation).

Dual‑luciferase reporter assay. Wild‑type (WT) or mutant 
(MUT) promoter site of FN1 was introduced into the pGL3‑Basic 
vector (Promega Corporation) to make WT‑FN1 promoter and 
MUT‑FN1 promoter plasmids. The luciferase reporter plas‑
mids and GATA6‑expressing plasmid or empty vector were 
co‑transfected into Cal‑27 cells using Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Luciferase activities were measured 
48 h after transfection using the Dual‑Luciferase Reporter 
Assay kit (Promega Corporation). The relative luciferase 
activity was normalized to Renilla luciferase activity.

Chromatin immunoprecipitation (CHIP) assay. The binding 
of GATA6 to the FN1 promoter was examined using a CHIP 
assay kit (Beyotime Institute of Biotechnology), according to 
the manufacturer's protocol. Cells were cross‑linked using 
1% formaldehyde for 15 min at room temperature and cell 
lysates in SDS lysis buffer (GBCBIO Technologies, Inc.) were 
sonicated (10 sec, five times) on ice to achieve 200‑1,000 bp 
chromatin fragments and centrifuged at 4˚C, 16,100 x g for 
10 min. CHIP was conducted following incubation with the 
anti‑GATA6 antibody (cat. no. 5851T; 1:50; Cell Signaling 
Technology, Inc.). The recuperated DNA fragments were 
evaluated via qPCR. The primer sequences were: FN1, 
forward 5'‑CCGAAGAGAGGTGACGCAAT‑3' and reverse 
5'‑GAGTGGCTGGACTTGTGTGA‑3'.

RT‑qPCR. Total RNA was extracted from 1x104 cells using 
TRIzol® reagent (Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Total RNA was reverse transcribed 
into cDNA using a reverse transcriptase cDNA synthesis kit 
(PrimeScript RT Reagent kit; Takara Bio, Inc.) according to the 
manufacturer's protocol. The temperature protocol was as 
follows: 70˚C for 5 min, 37˚C for 5 min and 42˚C for 1 h. qPCR 
was subsequently performed using a SYBR‑Green PCR kit 
(Takara Bio, Inc.) on an ABI 7500 Real‑Time PCR detection 
instrument (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The following thermocycling condi‑
tions were used: pre‑denaturation at 95˚C for 10 min, 
denaturation at 95˚C for 15 sec, annealing at 60˚C for 1 min 
(40 cycles) and extension at 72˚C for 1 min. The primer 
sequences for PCR were: GATA6 5'‑TGCAATGCTTGTGGAC 
TCTA‑3' (forward) and 5'‑GTGGGGGAAGTATTTTTGCT‑3' 
(reverse); FN1 5'‑CGGTGGCTGTCAGTCAAAG‑3' (forward) 
and 5'‑AAACCTCGGCTTCCTCCATAA‑3' (reverse); 
GAPDH 5'‑GGCTCATGACCACAGTCCATG‑3' (forward) 
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and 5'‑TCAGCTCTGGGATGACCTTG‑3' (reverse). mRNA 
levels were quantified using the 2‑ΔΔCq method and normalized 
to the internal reference gene, GAPDH (19). All experiments 
were performed in triplicate.

Western blot analysis. Total proteins were obtained from 
Cal‑27 cells (1x104) using RIPA lysis buffer (Beyotime Institute 
of Biotechnology). Total protein was quantified using a BCA 
kit (Beyotime Institute of Biotechnology) and 40 µg protein 
sample was separated by SDS‑PAGE on a 10% gel. The 
separated proteins were subsequently transferred onto PVDF 
membranes and blocked for 1 h at room temperature with 
5% skimmed milk. The membranes were incubated overnight 
at 4˚C with the following primary antibodies: Anti‑GATA6 
(cat. no. 5851T; 1:1,000; Cell Signaling Technology, Inc.), 
anti‑FN1 (cat. no. 26836S; 1:1,000; Cell Signaling Technology, 
Inc.), anti‑Ki67 (cat. no. ab16667; 1:1,000; Abcam), anti‑prolif‑
erating cell nuclear antigen (PCNA; 13110T; 1:1,000; Cell 
Signaling Technology, Inc.), anti‑matrix metalloproteinase‑2 
(MMP2; cat. no. 40994S; 1:1,000; Cell Signaling Technology, 
Inc.), anti‑MMP9 (cat. no. 13667T; 1:1,000; Cell Signaling 
Technology, Inc.) and anti‑GAPDH (cat. no. 5174T; 1:1,000; Cell 
Signaling Technology, Inc.). Following the primary antibody 
incubation, the membranes were incubated with horseradish 

peroxidase‑conjugated secondary antibody (cat. no. 7074S; 
1:3,000; Cell Signaling Technology, Inc.) for 1 h at room 
temperature and washed three times with PBS. Proteins bands 
were visualized using enhanced chemiluminescence (Thermo 
Fisher Scientific, Inc.). The relative intensity of each band was 
semi‑quantified using ImageJ software (version 1.52r; National 
Institutes of Health). GAPDH was used as the loading control.

Statistical analysis. Data were presented as the mean ± stan‑
dard deviation of three independent experiments simultaneously. 
Results were analyzed using GraphPad Prism software 
(version 8.0; GraphPad Software, Inc.). Statistical differences 
were evaluated using an unpaired Student's t‑test or one‑way 
ANOVA followed by a Tukey's post‑hoc test. Pearson's corre‑
lation analysis was utilized to confirm the correlation between 
GATA6 and FN1. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

GATA6 is markedly upregulated in OSCC tissues and cells. To 
investigate the role of GATA6 in OSCC development, TNMplot 
data was employed to analyze the expression of GATA6 in 
OSCC tissues and adjacent tissues. As shown in Fig. 1A, 

Figure 1. GATA6 is highly expressed in OSCC tissues and cells. (A) TNMplot data was employed to analyze the expression of GATA6 in OSCC tissues and 
adjacent tissues. (B) The GSE dataset GSE146483 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE146483) consisting of 11 samples (8 OSCC and 
3 human normal oral mucosal epithelial keratinocytes) was downloaded from the GEO database and analyzed using GEO2R. GATA6 expression was detected 
in HOK and OSCC cell lines using (C) western blot analysis and (D) reverse transcription‑quantitative PCR. **P<0.01, ***P<0.001 vs. HOK. GATA6, GATA 
binding protein 6; OSCC, oral squamous cell carcinoma.
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GATA6 was highly expressed in tumor group as comparison 
to the normal group. The expression levels of GATA6 in eight 
OSCC cells and three human normal oral mucosal epithelial 
keratinocytes and were determined using the GEO2R analysis 
in an independent cohort (GSE146483). As demonstrated 
in Fig. 1B, GATA6 expression was markedly upregulated in 
OSCC group compared with the human normal oral mucosal 
epithelial keratinocytes (normal) group. Subsequently, 
RT‑qPCR and western blot analyses were used to assess the 
expression levels of GATA6 in OSCC and HOK cell lines. As 
demonstrated in Fig. 1C and D, the expression levels of GATA6 
protein and mRNA were high in OSCC cells compared with 
the HOK group. The highest expression levels of GATA6 
were observed in Cal‑27 cells, which were therefore used for 
subsequent analyses. These results indicated that GATA6 was 
upregulated in OSCC tissues and cells.

GATA6 silencing inhibits the proliferation, invasion and migra‑
tion of OSCC cells. Changes in cellular function were examined 
in Cal‑27 cells following transfection with siRNA for the 

knockdown of GATA6. si‑GATA6‑1 was selected for subsequent 
transfections due to a high knockdown efficiency (Fig. 2A and B). 
Notably, Cal‑27 cells transfected with si‑GATA6‑1 demonstrated 
a suppressed ability to proliferate and form colonies and down‑
regulation of proliferation‑related proteins, Ki67 and PCNA, 
compared with the si‑NC group (Fig. 2C‑F). Furthermore, 
the levels of invasion and migration were reduced in Cal‑27 
cells transfected with si‑GATA6‑1 and the expression levels 
of MMP2 and MMP9 were also reduced, compared with the 
si‑NC group (Fig. 3). Collectively, the results of the present study 
suggested that GATA6 silencing inhibited the proliferation, inva‑
sion and migration of OSCC cells.

GATA6 transcriptionally regulates FN1 levels by binding 
to the FN1 promoter. To examine the transcriptional role of 
GATA6 in OSCC, the LinkedOmics database was used to 
predict genes associated with GATA6. A squamous cell carci‑
noma of the head and neck dataset was used as a substitute as 
no OSCC dataset currently exists. Genes positively associated 
with GATA6 were consistent with those negatively associated 

Figure 2. GATA6 silencing inhibits the proliferation and colony formation of oral squamous cell carcinoma cells. (A and B) GATA6 expression levels were ana‑
lyzed in Cal‑27 cells using (A) western blot analysis and (B) reverse transcription‑quantitative PCR following transfection with si‑GATA6. (C) Cell viability 
was investigated using a Cell Counting Kit‑8 assay. (D and E) Cell proliferation was investigated using a colony formation assay. (F) Western blot analysis was 
used to assess the expression levels of proliferation‑related proteins Ki67 and PCNA. *P<0.05, ***P<0.001 vs. si‑NC. GATA6, GATA binding protein 6; si, small 
interfering RNA; NC, negative control; PCNA, proliferating cell nuclear antigen.
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with GATA6 (Fig. 4A). Furthermore, gene set enrichment anal‑
ysis (GSEA) revealed that GATA6 was positively associated 
with extracellular matrix (ECM)‑receptors and the closest 
association was observed between FN1 and GATA6 (Fig. 4B). 
Subsequently, the expression of FN1 in OSCC tissues and 
adjacent tissues was evaluated with TNMplot data. It was found 
that FN1 level was markedly elevated in the tumor group when 
compared to the normal group (Fig. 5A). The binding site of 
GATA6 on the promoter region of FN1 was presented in Fig. 5B. 
Furthermore, dual‑luciferase reporter plasmids were activated 
following GATA6 overexpression (Fig. 5C). CHIP assays 
performed using Cal‑27 cell extracts demonstrated a notable 
enrichment of the FN1 promoter sequence through immuno‑
precipitation with an anti‑GATA6 antibody, compared with the 
control IgG antibody (Fig. 5D). Additionally, western blotting 
and RT‑qPCR revealed that the expression levels of FN1 were 
markedly decreased following GATA6 silencing (Fig. 5E and F). 
Collectively, these results demonstrated that GATA6 transcrip‑
tionally activates FN1 expression by binding to the FN1 promoter.

GATA6 silencing inhibits the proliferation, invasion and 
migration of OSCC cells by regulating FN1 expression. To 

further understand the mechanism underlying GATA6 in the 
progression of OSCC, FN1 was overexpressed in Cal‑27 cells. 
Transfection efficiency was indicated using western blot‑
ting and RT‑qPCR (Fig. 6A and B). Cal‑27 cells transfected 
with both si‑GATA6‑1 and Oe‑FN1 exhibited high levels of 
cell viability, proliferation and colony formation and high 
expression levels of Ki67 and PCNA, compared with Cal‑27 
cells transfected with si‑GATA6‑1 + Oe‑NC. These results 
highlighted that Oe‑FN1 reversed the effects of si‑GATA6‑1 
on the proliferation of Cal‑27 cells (Fig. 6C‑F). Additionally, 
transfection with Oe‑FN1 abolished the suppressive effects 
of si‑GATA6‑1 on the migration and invasion of Cal‑27 cells 
relative to the si‑GATA6‑1 + Oe‑NC group (Fig. 7). The results 
of the present study demonstrated that GATA6 silencing 
suppressed the proliferation, invasion and migration of OSCC 
cells by regulating FN1.

Discussion

GATA6 serves an essential role in enhancing and suppressing 
the development of tumors (20). The differentiation and 
self‑renewal of lung and colon cancer stem cells is promoted 

Figure 3. GATA6 silencing suppresses the invasion and migration of oral squamous cell carcinoma cells. (A and B) Cell migration and (C and D) invasion were 
evaluated using wound healing and Transwell assays, respectively. Magnification, x100. (E) MMP2 and MMP9 expression levels were measured using western 
blot analysis. **P<0.01, ***P<0.001 vs. si‑NC. GATA6, GATA binding protein 6; si, small interfering RNA; NC, negative control.
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Figure 4. Bioinformatics analyses of GATA6‑associated genes. (A) Relative gene expression analysis of GATA6 in head and neck squamous cell carcinoma 
was conducted through LinkedOmics (https://www.linkedomics.org/login.php/) using HiSeq RNA Platform (17). (B) Gene enrichment analysis was conducted 
by WebGestalt (http://www.webgestalt.org/) using Gene Set Enrichment Analysis tool and Kyoto Encyclopedia of Genes and Genomes functional database 
(FDR <0.25, adjusted P‑value <0.05). And association between GATA6 and ECM‑receptors revealed the highest association between FN1 and GATA6. 
GATA6, GATA binding protein 6; ECM, extracellular matrix; FN1, fibronectin 1.

Figure 5. FN1 expression is induced by GATA6. (A) The expression of FN1 in oral squamous cell carcinoma tissues and adjacent tissues was evaluated with 
TNMplot data. (B) JASPAR database analyses revealed the binding of GATA6 with the FN1 promoter. (C) Binding of GATA6 to the FN1 promoter region 
was examined using a dual‑luciferase reporter assay. ***P<0.001 vs. Oe‑NC. (D) Direct binding of GATA6 to the FN1 promoter was verified in Cal‑27 cells 
using a chromosomal immunoprecipitation assay. Expression levels of FN1 following GATA6 knockdown were determined using (E) western blot analysis and 
(F) reverse transcription‑quantitative PCR. **P<0.01, ***P<0.001 vs. si‑NC. FN1, fibronectin 1; GATA6, GATA binding protein 6; si, small interfering RNA; 
Oe, overexpression; NC, negative control; Luc, luciferase; wt, wild‑type; mut, mutant.
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by GATA6, thereby inducing tumorigenesis (11). The results of 
previous studies also demonstrated the involvement of GATA6 
in lung cancer (21) and the effectiveness of GATA6 in the repro‑
gramming of hepatocellular carcinoma cells (22). Deletion of 
GATA6 aided lymphatic metastasis in bladder cancer, thus 
indicating that GATA6 serves a key role in the lymphatic 
dissemination of bladder cancer (23). The expression levels 
of GATA6 vary in a number of types of cancer, for example, 
expression levels are markedly reduced in liver, ovarian and 
gastric cancers, compared with notably high expression levels 
detected in breast cancer and head and neck cancer (24). 
Additionally, GATA6 expression is markedly elevated in oral 
carcinoma cell lines (12). The dysregulation of GATA6 in a 
number of types of cancer is a result of varying GATA6 gene 
targets (23). Furthermore, regulation of miR‑506 expression 
represses the expression levels of GATA6, thus suppressing 
the development of OSCC, and overexpression of GATA6 can 
attenuate the inhibitory effects of miR‑506 on cell viability, 
colony formation, migration and invasion of OSCC cells (13). 
Additionally, downregulation of GATA6 markedly decreases 
the expression levels of MMP2 and MMP9 in a murine model 
of asthma (25). In the present study, GATA6 expression levels 
were markedly upregulated in OSCC cells. In addition, Cal‑27 
cells transfected with si‑GATA6‑1 demonstrated decreased 
cell proliferation, colony formation, migration and invasion, 
accompanied by downregulated expression of Ki67, PCNA, 
MMP2 and MMP9.

In the present study, GSEA revealed that GATA6 was 
positively associated with FN1. According to the JASPAR 
database analyses, GATA6 has the ability to bind to the 

promoter of FN1. FN1, a glycoprotein present in the extracel‑
lular matrix, serves a key role in cellular adhesion, migration 
and tissue remodeling (26). Elevated expression of FN1 was 
demonstrated in renal and colorectal cancer cells, indicating 
that FN1 may serve a role in the progression of cancer to an 
advanced stage (27,28). The results of a previous study further 
demonstrated the role of FN1 in cell metastasis, differentiation 
and adhesion in a number of types of cancer (29). In addition, 
previous studies have labeled FN1 as an oncogene in tumori‑
genesis and tumor progression and a regulator in physiological 
processes (30‑32). Notably, inhibition of FN1 suppresses the 
aggressiveness of hepatocellular carcinoma and cervical 
cancer cells (33). The results of a previous study demonstrate 
an association between abnormally high expression levels of 
FN1 and the tumor size and poor prognosis associated with 
gastric cancer (34). High expression levels of FN1 are also 
demonstrated in lung tumor growth and survival and resistance 
to therapy (35). Quantitative proteomics analyses revealed 
FN1 as a candidate biomarker of sporadic medullary thyroid 
cancer (36) and FN1 is also considered as a potential biomarker 
in OSCC regarding the tongue, mouth floor and edentulous 
ridge (15). Ji et al (37) revealed that the protein expression 
levels of Ki67 and PCNA is decreased by the silencing of FN1 
in human trophoblasts. FN1 knockdown represses cell prolif‑
eration, invasion and migration of nasopharyngeal carcinoma 
cells, coupled with downregulated expression of MMP2 and 
MMP9 (26). Furthermore, downregulation of FN1 inhibits the 
development of OSCC (16). Although the role of FN1 in cancer 
progression has previously been identified, the association 
between GATA6 and FN1 expression in Cal‑27 cells remains 

Figure 6. GATA6 silencing suppresses the proliferation and colony formation of oral squamous cell carcinoma cells by regulating FN1. Expression levels of FN1 
were detected using (A) western blot analysis and (B) reverse transcription‑quantitative PCR following transfection with Oe‑FN1. ***P<0.001 vs. Oe‑NC. (C) Cell 
viability was examined using a Cell Counting Kit‑8 assay. (D and E) Cell proliferation was evaluated using a colony formation assay. (F) Western blot analysis 
was used to assess the expression levels of Ki67 and PCNA. **P<0.01, ***P<0.001 vs. si‑NC; #P<0.05, ###P<0.001 vs. si‑GATA6‑1 + Oe‑NC. GATA6, GATA 
binding protein 6; FN1, fibronectin 1; si, small interfering RNA; Oe, overexpression; NC, negative control; PCNA, proliferating cell nuclear antigen.
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to be elucidated, to the best of the authors' knowledge. Thus, 
the results of the present study demonstrated that silencing of 
GATA6 suppressed the proliferation, migration and invasion 
of Cal‑27 cells, which was partly abolished following FN1 
overexpression. Therefore, it was hypothesized that silencing 
GATA6 suppressed the proliferation, migration and invasion 
of Cal‑27 cells by regulating FN1 expression. 

In conclusion, the present study is the first, to the best of 
the authors' knowledge, to demonstrate that GATA6 silencing 
inhibits the proliferation, migration and invasion of OSCC cells. 
GATA6 was determined to have a direct regulatory effect on the 
transcription of FN1 by binding to the FN1 promotor. The results 
of the present study may contribute to further understanding the 
pathogenesis of OSCC and provide potential therapeutic targets 
for the clinical treatment of OSCC. Nevertheless, there are also 
some limitations to the current study. For instance, whether 
signaling pathways in the downstream of FN1 are involved in 
the development of OSCC remains to be elucidated, and whether 
other potential regulatory mechanisms exist in the regulation 
of the proliferation, migration and invasion of OSCC cells also 
needs to be further explored. 
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