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INTRODUCTION

Mucin 6 (MUC6), one of the main components of the mucus 
barrier in the stomach, is secreted by the pyloric gland cells of 
the antrum and mucous neck cells located in the lower layer of 
the gastric mucosa.1-4 MUC6 is known to be a marker of gastric 
foveolar and antral mucous glandular cells, reflecting gastric 

phenotypes and acting as a significant physiological barrier 
against various threats to the underlying epithelia.5 It is also 
reported to be significantly correlated with epithelial growth 
factor receptor 2, which is related to the invasive behavior of 
gastric cancer (GC).6 Nevertheless, MUC6 has not been thor-
oughly investigated. Therefore, not much is documented re-
garding changes to its expression during GC, the mechanism 
of such changes, and the effect of these changes on the progres-
sion of GC. Some studies have reported decreased expression 
of MUC6 in GC,5,7-9 which may be associated with carcinogene-
sis, malignant potential, progression, clinical behavior, and poor 
prognosis of GC.10-13 However, these were not independent 
studies and did not directly focus on MUC6. To date, the mecha-
nism regulating the decreased expression of MUC6 and the di-
rect effect of reduced MUC6 on the occurrence and progression 
of GC has not been fully explained.

Certain previous studies have suggested that mucins may be 
positioned at a hotspot for methylation in the genome,14 and 
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methylation modifications play a significant role in regulating 
mucin gene expression in epithelial cancer cells.15 An addition-
al study has indicated that the repression of MUC2 expression 
in colonic carcinoma cells was linked to the methylation status 
of its promoter.16 However, de novo expression of MUC2 was 
shown to be triggered by promoter demethylation or hypometh-
ylation in pancreatic and gastric carcinoma cells.17,18 Neverthe-
less, data regarding MUC6 are unavailable. The studies men-
tioned above motivated us to study the relationship between 
MUC6 and GC using data from The Cancer Genome Atlas 
(TCGA) database (https://www.cancer.gov/about-nci/organi-
zation/ccg/research/structural-genomics/tcga) and the Gene 
Expression Profiling Interactive Analysis software. The expres-
sion of MUC6 in GC tissue was significantly lower compared 
to normal tissue and was associated with tumor metastasis 
(Supplementary Fig. 1, only online). Retrieved data from the 
MethHC database indicated that the methylation level of the 
MUC6 promoter region in GC tissues was significantly higher 
compared to normal tissues (Supplementary Fig. 2, only on-
line). Therefore, it can be hypothesized that MUC6 promotes 
the progression of GC through the methylation of its promoter 
region, resulting in the downregulation of its expression. The 
effect of MUC6 downregulation on the biological behavior of 
GC cells and the mechanism responsible for the downregula-
tion of MUC6 expression were the focus of this study. The above 
hypothesis was investigated using clinical samples, MUC6 over-
expression and knockdown in cell lines, and MUC6 promoter 
methylation and demethylation experiments.

MATERIALS AND METHODS

Patients and tissue samples
All tissue samples were supplied by the Department of Gas-
troenterology, Hwamei Hospital, University of Chinese Acade-
my of Sciences, between January 2017 and October 2018. The 
study was approved by the Ethics Committee of Hwamei Hos-
pital, University of Chinese Academy of Sciences (IRB NO: YJ-
KYSB-NBEY-2019-105-01). All participating patients were in-
formed about the procedure and written informed consent was 
obtained. The surgical sample from each patient was divided 
into two sections. One section was fixed in formalin and em-
bedded in paraffin for histopathological investigation, and the 
other section was immediately refrigerated for detection of 
MUC6. None of the patients underwent chemotherapy or ra-
diotherapy prior to tissue collection.

Cell lines and cell culture
SGC7901 cells (with the lowest expression of MUC6) were 
used for MUC6 plasmid transfection and overexpression ex-
periments, whereas gastric epithelial cells (GES-1; with the 
highest expression of MUC6) were used for MUC6 knock-
down experiments (Supplementary Fig. 3, only online). The 

SGC7901 gastric adenocarcinoma and GES-1 lines were ob-
tained from the Shanghai Cell Bank (Shanghai, China). Cells 
were cultured in Dulbecco’s Modified Eagle Medium (DMEM) 
containing 10% fetal bovine serum (FBS) and 1× penicillin-
streptomycin at 37°C with 5% CO2 in a saturated humidity in-
cubator.

Transfection
The transfected plasmids included MUC6 overexpression and 
knockdown plasmids. For overexpression experiments, the 
cells were divided into the control group (pGL3) or MUC6 over-
expression plasmid group (pGL3-MUC6-Promoter). For knock-
down experiments, the cells were divided into MUC6 (NC), 
MUC6 (siRNA1), MUC6 (siRNA2), and MUC6 (siRNA3) groups. 
The vector used for the expression of MUC6 protein was the 
pGL3 plasmid obtained from Life Technologies (Thermo Fish-
er Scientific Inc.; Waltham, MA, USA). The MUC6-coding in-
sert was established by total gene synthesis. For transfection, 
MUC6 plasmid (1 µg) and Lopti-MEM (25 µg) were gradually 
added to the liposome. The prepared 50 µL transfection mix-
ture was added drop by drop to the pore containing SGC7901 
cells and culture medium. It was then gently mixed and incu-
bated at 37°C in 5% CO2. Next, the transfection efficiency was 
detected. Thereafter, RNA and protein were extracted from the 
cells, and MUC6 expression was analyzed by quantitative re-
verse transcription polymerase chain reaction (qPCR) or west-
ern blotting (WB).

Immunohistochemistry (IHC)
Tumor tissues were fixed in 4% formalin and embedded in par-
affin. Tissue sections (4 µm) were prepared and baked in a 65°C 
thermostat for 6–12 h, and IHC was performed. The sections 
were dewaxed using xylene and rehydrated using an alcohol 
gradient, and endogenous peroxidase activity was blocked 
with 3% H2O2. The sections were then boiled in citrate buffer 
(pH 6.0, 10 min) for antigen retrieval, allowed to slowly cool to 
room temperature, and rinsed three times with phosphate-
buffered saline (PBS). The sections were then incubated with 
a primary antibody [MUC6, K167722B, 1:1000 dilution; GAP-
DH, Mab011-100, 1:5000 dilution; Beijing Zhongshan (Jingq-
iao) Biotech Co. Ltd., Hangzhou, China] at 4°C overnight. Af-
ter rinsing three times with PBS, the sections were incubated 
with the second antibody [MUC6, K1566171, 1:1000 dilution; 
GAPDH, Mab011-040, 1:5000 dilution; Beijing Zhongshan 
(Jingqiao) Biotech Co. Ltd.] at 37°C for 30 min. After an addi-
tional wash, the sections were stained with 4’,6-diamidino-
2-phenylindole (DAPI), then counterstained with hematoxy-
lin. The IHC results were determined based on the staining 
intensity and the percentage of positive cells. Initially, the score 
was calculated by subtracting the background color from the 
intensity of the stain (no staining=0; mild staining=1; moderate 
staining=2; intense staining=3). Three different visual fields 
(×20) were selected from each section to observe the percent-
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age of positive cells (0%–5%=0; 6%–25%=1; 26%–50%=2; 51%–
75%=3; >75%=4). The final score was the sum of the percent-
age of positive cells and the staining intensity scores. Scoring 
criteria were as follows: 0=negative; 1–3=weakly positive; 
4–5=moderately positive; and 6–7=strongly positive. 

Hematoxylin-eosin (H&E) staining
Following dewaxing in xylene and rehydration in an alcohol 
gradient, the sections were immersed in a hematoxylin dyeing 
solution for 5 min at room temperature. The sections were then 
washed under running water for 1 min, immersed in a 1% hy-
drochloric acid alcohol solution for several seconds, rinsed un-
der tap water, and returned to a blue stain. The sections were 
then immersed in the eosin dye for 3–5 min, and the excess dye 
on the slide was washed off with tap water. After dehydrating 
for 0.5 min with 80% ethanol, 95% ethanol I, 95% ethanol II, ab-
solute ethanol I, and absolute ethanol II, the sections were im-
mersed in xylene I and II for 3 min to make them clear and 
transparent. Finally, the sections were sealed with neutral gum.

Western blot protocol
Total protein extraction began by collecting samples from each 
group into Eppendorf (EP) tubes, and adding 200 mL of west-
ern and input pyrolysates into each tube (phenylmethylsulfonyl 
fluoride was also added at a final concentration of 1 mM). The 
samples were mixed and fully lysed at 4°C for 30 minutes, cen-
trifuged at 4°C and 12000 rpm, and the supernatants were col-
lected and stored separately. Polyacrylamide gels were used 
for electrophoresis. Firstly, 10% separating gels and 4% concen-
trating gels were prepared. The protein sample was then mixed 
with 5× sample buffer, heated at 100°C for 10 minutes, then 
rapidly cooled in an ice bath. Approximately 30 μg of protein 
was added to each lane. The electrophoretic buffer was added 
to the electrophoretic tank, and an 80-V power supply was pro-
vided. Constant voltage electrophoresis was performed until 
bromophenol blue ran out of the concentrated rubber layer. 
For the separating gel, 120-V constant voltage electrophoresis 
was used. When bromophenol blue migrated to the lower edge 
of the separation gel, the power supply was disconnected, and 
the electrophoresis was stopped. After being pretreated, a PVDF 
membrane was inserted into the electrophoresis cell, which was 
transferred at a constant current of 200 mA and was immersed 
in a sealed liquid containing 5% skimmed milk powder at room 
temperature for 1 h. The PVDF membrane was then incubated 
with a primary antibody [MUC6, K167722B, 1:1000 dilution; 
GAPDH, Mab011-100, 1:5000 dilution; Multisciences (Lianke) 
Biotech Co. Ltd., Hangzhou, China] overnight at 4°C. Mem-
branes were washed three times in TBST, and then incubated 
with the second antibody [MUC6, GAM007, 1:1000 dilution; 
GAPDH, Mab011-040, 1:5000 dilution; Multisciences (Lianke) 
Biotech Co. Ltd.] for 1 h at room temperature. Membranes were 
washed three times with TBST, placed on fresh-keeping film, 
and exposed to a mixture of moderate amounts of solutions A 

and B from an enhanced chemiluminescence kit [Multiscienc-
es (Lianke) Biotech Co. Ltd.]. Blots were imaged using a gel 
imaging analyzer (SMA4000, Merinton, USA). The molecular 
weight of MUC6 was 252 kD. The supporting software was 
SMA4000 V4.2.3 (Chemidoc XRS+, BioRad, Hercules, CA, USA). 
The chemical photosensitive mode was used to capture the im-
ages, and photographs were exported in a TIFF format.

qPCR 
Total RNA was prepared using a High Purity Total RNA Rapid 
Extraction kit (GK3016; Generay Corporation, Shanghai, Chi-
na). A reverse transcription kit (HiScript-II Q RT SuperMix) for 
qPCR was obtained from Vazyme Biotech Company (R222-01; 
Vazyme Biotech Co. Ltd., Nanjing, China). Primers for qPCR 
were designed according to the MUC6 and β-actin sequences: 
forward primer of MUC6: 5'-TGGTGAACTCGTGGAAGGA-3'; 
reverse primer of MUC6: 5'-TGGCAGGTGGCAAAGGT-3'; 
amplification production of MUC6: 139 bp. Forward primer of 
β-actin: 5'-TGACGTGGACATCCGCAAAG-3'; reverse primer 
of β-actin: 5'- CTGGAAGGTGGACAGCGAGG-3'; amplifica-
tion production of actin: 205 bp. After reverse transcription, 
qPCR was performed according to the manufacturer’s instruc-
tions (ChamQ SYBR Color qPCR Master Mix, Vazyme, NanJing, 
Q411-02). The reaction system was as follows: SYRB Green mix 
(10 μL), forward primer (1 μL), reverse primer (1 μL), diluted 
cDNA (8 μL), for a total reaction volume of 20 μL. The reaction 
was mixed and run in a CFX Connect Real-Time PCR machine 
(Bio-Rad, Goodhere, Hangzhou, China). The amplification 
conditions were as follows: Pre-denaturation at 95°C for 30 sec-
onds, denaturation at 95°C for 10 seconds, annealing at 60°C 
for 30 seconds, and elongation at 70°C for 5 seconds, with a to-
tal of 45 cycles performed. β-actin was used as the internal con-
trol, and the relative expression level of MUC6 was determined 
using the 2−ΔΔCt method. 

Construction of MUC6 siRNA
Three different siRNAs against the human MUC6 gene were 
designed to specifically knockdown MUC6 expression in GES-
1 cells. The siRNA sequences were as follows: siRNA-1: CGU 
CAAAUGUGGUAACAAAGGAG, siRNA-2: UGUAUUCAGUA 
GUCGUUCUUUGUU, and siRNA-3: GCACAUAAUAAGAAA 
CAGUAG. The control siRNA sequence was a small random 
fragment of the same length.

Methylation
The promoter region of MUC6 was inserted into a PGL-3 vec-
tor and treated with a methylation reagent. Plasmid DNA was 
methylated by M. SssI methyltransferase (CpG Methyltrans-
ferase, New England Biolabs, USA). The normal pGL3-MUC6-
Promoter (or pGL3) and the methylated pGL3-MUC6-Promoter 
were transfected into GES-1 cells. The modified plasmid DNA 
was digested by BstUI restriction endonuclease to verify the 
methylation protection of M. SssI. Luciferase activity was stud-
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ied 48 h later. Renilla luciferase was used as an internal reference.

Demethylation
SGC7901 cell lines in the logarithmic phase were digested us-
ing 0.25% trypsin, centrifuged at 1000 rpm for 5 minutes, and 
plated into three six-well plates with four holes for each six-
well plate and 200000 cell holes in each plate, and counted un-
der the counter plate. Plates were stored in the incubator over-
night. Three gradients of the demethylation drug (5-aza-2'-
deoxycytidine) concentrations were prepared: 1, 5, and 10 μM. 
Each six-hole plate consisted of four groups: untreated cells 
(CK), 1, 5, and 10 μM groups. Drugs were added to each group. 
RNA was extracted at 24, 48, and 72 h, respectively.

Double luciferase report experiment 
The double fluorescein luminescence was detected according 
to the instructions in the Dual-Luciferase Reporter Assay Sys-
tem kit (E1910, Promega, Madison, WI, USA). Briefly, the pro-
cedure followed five steps. 1) The 24-well plate was removed, 
and the culture medium was discarded using an aspirator. 
The cells were then gently rinsed with PBS. 2) Passive lysis buf-
fer (PLB; 100 μL) was added to each well, and the plate was os-
cillated at room temperature for 20 minutes. The lysis buffer 
was transferred to 1.5 mL EP tubes and centrifuged to isolate 
the supernatant. 3) Then, 20 μL of supernatant was transferred 
to a new 1.5 mL EP tube, and 100 μL of the luciferase substrate 
luciferase assay reagent II was added to each well to prevent 
light penetration. The plate was inserted into the instrument for 
the first luciferase reading. 4) Approximately 100 μL of Stop & 
Glo Reagent was added into the EP tube and inserted into the 
instrument for the second reading. 5) Data analysis: The final 
fluorescence value of each well was the first fluorescence read-
ing of Firefly luciferase, and the second fluorescence reading 
was that of Renilla luciferase.

Cell migration
After 48 h, the treated cells were digested with 0.25% trypsin+ 
0.02% EDTA and centrifuged, suspended in 2% serum medium, 
counted, transferred to a 24-well plate at a density of 2.0×105 
cells/well, and incubated with 10% serum in the lower cham-
ber in an incubator with 5% CO2 at 37°C.

Cell invasion
Matrigel was removed from storage at -20°C and bathed in ice 
overnight in the fridge. In the ice bath, 10 mg/mL matrix glue 
was gently mixed with serum-free medium of equal volume and 
then added to the upper chamber of a Transwell and incubat-
ed at 37°C for 4–6 h. The serum-free medium was once gently 
rinsed in the Transwell chamber for later use. The cells in each 
group were digested with 0.25% trypsin+0.02% EDTA, centri-
fuged at 1500 rpm for 5 minutes, counted using a counter plate, 
suspended in 2% serum medium, diluted to 5.0×105 cells/well, 
and placed in the upper chamber of the Transwell at a density 

of 2.0×105 cells/well, and cultured with 500 μL of media con-
taining 10% serum in the lower chamber. After 16 h of culture, 
the cells were rinsed three times with PBS, fixed at room tem-
perature with 4% paraformaldehyde for 15 minutes, and then 
washed three times with PBS. The upper chambers were wiped 
with cotton swabs to remove cells, and crystal violet stain was 
used for 15 min to stain cells that had migrated to the bottom 
of the Transwell. Membranes were washed three times with 
PBS, air-dried at room temperature, and photographed under 
a microscope.

Statistical analysis
Bands from WB or qPCR were quantified using the Quantity 
software (CFX Connect Real-Time System, Bio-Rad, Goodhere). 
Numerical data were presented as the mean±standard devia-
tion. The difference between means was assessed using the 
Student’s t-test. The multigroup average was analyzed with the 
help of CFX Manager 3.1 (Bio-Rad, Goodhere) statistical soft-
ware. The homogeneity test of variance was first performed 
for the data. If the variance was homogeneous, a single factor 
analysis of variance was used to compare the differences 
among all groups. The mean comparison was made between 
multiple-dose groups and one control group using the one-to-
one comparison method. The rank-sum test was used to ana-
lyze the data of non-normal or heterogeneous variance. All sta-
tistical analyses were performed using the SPSS 16.0 software 
(SPSS, Inc., Chicago, IL, USA). p-values <0.05 were considered 
statistically significant.

RESULTS

Patient characteristics
A total of 40 specimens were collected directly from GC sites 
or gastric mucus membranes near the cancer sites. Forty pa-
tients were confirmed by histopathology of surgical samples to 
have adenocarcinoma, and the tissue surrounding the cancer 
site was confirmed as normal gastric mucosal membrane by 
H&E staining. The age range of the patients was 51–83 years 
(median age=67.6), and the patient group included 24 males 
and 16 females. Demographic data are provided in Table 1.

MUC6 expression levels in GC and para-cancerous 
tissues of different histological types, pathological 
stages, and lymph node metastasis
IHC and qPCR were performed in 40 cases of GC and the corre-
sponding normal adjacent tissues. The results of either IHC (p< 
0.05) or qPCR (p<0.01) indicated that the expression of MUC6 
in GC tissues was significantly lower than that in normal para-
cancerous tissues (Figs. 1 and 2).

The qPCR results revealed that the expression of MUC6 in 
mucinous adenocarcinoma, signet ring cell carcinoma, and un-
differentiated cell carcinoma was significantly lower than that 
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Fig. 1. IHC findings of gastric samples. Immunoreactivity to MUC6 distributed in the cytoplasm. (A) IHC staining of MUC6 in normal para-cancerous 
tissues. (B) IHC staining of MUC6 in intestinal-type GC tissues. (C) IHC staining of MUC6 in diffuse-type GC tissues. Compared to normal para-cancer-
ous tissues, the expression of MUC6 was lower in intestinal-type GC, and the lowest in diffuse-type GC. ×40 magnification. IHC, immunohistochemis-
try; MUC6, mucin 6; GC, gastric cancer.

in tubular adenocarcinoma (p<0.01). Furthermore, the MUC6 
expression in GC with lymph node metastasis was significantly 
lower than that in GC without lymph node metastasis (p<0.01). 
The expression of MUC6 in GC with stage III+IV was signifi-
cantly lower than that of stage I+II (p<0.01) (Figs. 3, 4, and 5).

Effects of overexpression and knockdown of MUC6 on 
cell invasion and migration
SGC7901 cells with the lowest expression of MUC6 for trans-
fection were selected for cell invasion and migration (Supple-
mentary Fig. 3, only online). After the transfection of MUC6 
plasmid, the expression of MUC6 in SGC7901 cells was found 
to significantly increase compared to the control group, which 
was confirmed by qPCR (p<0.001) (Fig. 3A) and WB (p<0.001) 
(Fig. 3B). The migration (p<0.01) and invasion (p<0.05) abili-
ties of SGC7901 cells were significantly decreased after overex-
pression of MUC6 (Fig. 4).

GES-1 cells with the highest MUC6 expression were chosen 
(Supplementary Fig. 3, only online) for the knockdown. After 
knocking down MUC6, the expression of MUC6 mRNA and 
protein in GES-1 cells transfected with siMUC6 decreased com-
pared to NC (p<0.01), and the MUC6 expression in siMUC6-
3-transfected cells was the lowest (p<0.001) (Fig. 5). The mi-
gration and invasion abilities of the siMUC6-transfected cells 
increased significantly compared to siNC cells (p<0.001) (Fig. 6).

The methylation level of MUC6 promoter region
The methylation of the MUC6 promoter region was detected 
by qPCR in five GC patient samples and adjacent tissues. The 
methylation level of MUC6 in para-cancerous tissues was sig-

Table 1. Clinicopathological Features

Features Number
Sex

Male 24

Female 16

Age (yr)

<60   8

60–80 28

>80   4

Histological classification

Tubular adenocarcinoma 16

Mucinous adenocarcinoma 14

Signet ring cell carcinoma   6

Undifferentiated carcinoma   4

Lymph node metastasis 24

Differentiated degree

Well   2

Moderately   6

Poorly 32

Tumor stage

I   4

II   8

III 28

IV   0

Location

Antrum 26

Angle 12
Gastric body   2

A B C
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nificantly lower than that in GC tissues (Fig. 7).
The methylation levels of the MUC6 promoter regions in 

several GC and epithelial cell lines were detected by qPCR. The 

methylation levels of MGC803, MKN45, AGS, SGC7901, and 
BGC823 were recorded to be significantly higher than those of 
normal GES-1 cells (Fig. 8).
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Effect of promoter methylation and demethylation on 
MUC6 expression
The pGL3-MUC6-Promoter plasmid was methylated by M.SssI 
methyltransferase, and the protective degree of M.SssI methyl-
ation was verified by restriction endonuclease digestion with 
BstUI. Compared to pGL3, the fluorescence activity of the 
MUC6 promoter region after methylation was significantly de-
creased (p<0.001), suggesting that the BstUI enzyme could cut 
plasmid DNA without M. SssI modification, but not when modi-
fied by M. SssI (Fig. 9). This indicated that promoter methylation 
could significantly reduce the binding of related transcription 

factors to the MUC6 promoter region.
Different concentrations of the demethylation drug 5-aza-2'-

deoxycytidine were added to SGC7901 cells, and the expres-
sion of MUC6 in SGC7901 cells was detected using qPCR and 
WB. The expression of MUC6 increased with the concentra-
tion of demethylation drugs and the time of action (Fig. 10), sug-
gesting that the expression of MUC6 was regulated by the meth-
ylation status of its promoter.
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DISCUSSION

For the first time, to the best of our knowledge, the methylation 
status of the MUC6 promoter region was shown to cause a sig-
nificant downregulation of MUC6 expression in GC. The down-
regulation of MUC6 may promote the metastasis of GC. Earli-
er studies have focused on detecting the expression of MUC6 
in GC and normal tissues.6 A decrease in MUC6 expression in 
GC has been established,9,19 and MUC6 gene polymorphism 
appears to be associated with an increased tendency to devel-
op GC.20 Varied expression of the MUC6 gene in GC has been 
described in the literature.11 The expression of MUC6 was highly 
correlated with the progression of GC13 and was found to be 
repressed by methylation in KATO-III cells.21,22 However, these 
conclusions were only drawn from studies based on clinical 
specimen detection, and there has not been any direct evi-
dence from basic mechanistic studies. Therefore, the regulation 
of MUC6 gene expression in gastric cells and the effect of de-
creased MUC6 expression on the progression of GC have yet 
to be explored.

The expression of MUC6 in GC and adjacent tissues was in-
vestigated, and MUC6 expression was significantly lower in GC 
than in the adjacent tissues, which was consistent with the find-
ings of previous studies,9,10 indicating that the downregulation 
of MUC6 might be related to the progression of GC. To further 
explore the effect of decreased MUC6 on the progression of GC, 
MUC6 in GC cells was knocked down by siRNA. After knocking 
down MUC6, the migration and invasion abilities of GC cells 
increased significantly. Overexpression of MUC6 in GC cells 
significantly reduced cell invasion and migration, which sug-
gested that the upregulation of MUC6 might reduce the progres-
sion or metastasis of GC. Therefore, at the cellular level, the hy-
pothesis that MUC6 downregulation promotes the metastasis 
of GC was confirmed. We investigated the expression of MUC6 
in 40 GC specimens according to the histological type, lymph 
node metastasis, and pathological stage. The results showed 
that the lower the differentiation degree of GC, the lower the 

expression of MUC6; the worse the stage of GC, the lower the 
expression of MUC6. The expression of MUC6 in GC patients 
with lymph node metastasis was significantly lower than that in 
patients without lymph node metastasis. These results suggest 
that the low expression of MUC6 may be an important factor in 
GC progression and can be considered a biomarker of GC pro-
gression. Since the downregulation of MUC6 leads to decreased 
adhesion of GC cells,23 GC cells lacking MUC6 showed more ag-
gressive behavior10 and were significantly correlated with fac-
tors such as the depth of invasion, venous invasion, stage, and 
poorer patient prognosis,13 which also correlated with our re-
sults. 

The methylation of MUC6 in GC and adjacent tissues was 
investigated based on large data retrieval results of the MUC6 
promoter region. The results suggested that the methylation of 
MUC6 in GC tissues was significantly higher than that in adja-
cent tissues. To verify the downregulation of MUC6 expression 
caused by the high methylation status in GC, the promoter re-
gion of MUC6 was treated with M. SssI methylation modifying 
enzyme and verified by BstUI cleavage. The fluorescence of 
the MUC6 promoter region was observed to be decreased af-
ter methylation, indicating that the expression of MUC6 was 
downregulated. It was also confirmed that methylation inter-
feres with the binding of transcription factors to the MUC6 pro-
moter region. The promoter region of MUC6 was demethylated 
and transfected into SGC7901 cells with the control plasmid. As 
a result, the expression of MUC6 in SGC7901 cells was found 
to be significantly upregulated after demethylation. Previous 
studies have concluded that regional hypermethylation occur-
ring preferentially at promoter CpG islands plays a significant 
role in carcinogenesis24-26 and results in the inactivation of tu-
mor suppressor genes.27,28 Many CpG sites have been identi-
fied throughout the MUC6 promoter,15 which became the ma-
terial basis of methylation affecting MUC6.

It can be concluded that our results are in complete agree-
ment with earlier findings;22 that is, methylation of the promot-
er region leads to downregulation of MUC6 expression. There-
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fore, the hypothesis that promoter methylation causes MUC6 
downregulation and promotes GC progression was verified at 
the molecular level in this study.

The limitation of the present study was that only in vitro ex-
periments revealed that the downregulation of MUC6 promot-
ed the metastasis of GC, and no evidence was reported from 
animal experiments. In addition, although we observed that 
methylation in the MUC6 promoter region was related to the 
progression of GC, we did not provide any information regard-
ing the sites of methylation. These will be investigated in our 
future research.

In conclusion, the expression of MUC6 was regulated by 
methylation of its promoter, and the methylation status of the 
MUC6 promoter might lead to significant downregulation of 
MUC6 in GC and promote the progression of GC.
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