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Abstract
Background: The aim of this study was to investigate the mechanism of the downregulation of MUC6
and its in�uence on GC metastasis.

Methods: The expression of MUC6 was examined in cancer tissues and their corresponding adjacent
normal tissues in 40 gastric adenocarcinoma patients. The investigation of methylation level of MUC6
promoter region in gastric cell lines and gastric specimen tissues was performed through
immunohistochemistry and/or quantitative polymerase chain reaction (qPCR)s. MUC6 was knocked
down in GES-1 cell lines and overexpressed in SGC7901 cell lines; the effects of MUC6 knockdown and
overexpression on cell migration and invasion were examined using Transwell migration assay. The
effects of demethylation and methylation on MUC6 expression were examined using Western blot, qPCR,
or double luciferase report experiment.

Results: The expression of MUC6 in GC tissues was signi�cantly lower than that in normal paracancerous
tissues. While the cells migration and invasion abilities were decreased signi�cantly after overexpression
of MUC6, these abilities increased signi�cantly after the knocking down of MUC6. The methylation levels
of MUC6 in GC tissues and GC cell lines (MGC803, MKN45, AGS, SGC7901, and BGC823) were
signi�cantly higher than those in paracancerous tissues and gastric epithelial cells. The promoter
methylation could signi�cantly reduce the binding of MUC6 promoter region to the related transcription
factors. The expression of MUC6 increased with the concentration of demethylated drugs and the time of
action.

Conclusion: The expression of MUC6 was regulated by methylation of its promoter, and this methylation
of MUC6 promoter may lead to signi�cant downregulation of MUC6 in GC and promote the metastasis of
GC.

Background
MUC6 is one of the main components of the mucus barrier secreted by pyloric gland cells of the antrum
and mucous neck cells located in the lower layer of the gastric mucosa of the stomach [1-4]. MUC6 is
known to be a marker of gastric foveolar and antral mucous glandular cells, re�ecting gastric phenotypes
and acts as a signi�cant physiological barrier against various aggressions of the underlying epithelia [5].
It is also reported to be signi�cantly correlated with epithelial growth factor receptor 2, which is related to
the invasive behavior of gastric cancer (GC)[6]. Nevertheless, MUC6 is a relatively less-investigated
molecule; thus, not much is documented about its expressional changes in GC, the mechanism of such
changes, and the effect of these changes on the metastasis of GC. Few studies have reported the
downregulation of MUC6 expression in GC [5,7-9], which may be associated with carcinogenesis,
malignant potential, progression, clinical behaviors, and poor prognosis of GC[10-13]. These were not
independent studies and did not directly focus on MUC6. Thus, till date, the mechanism of the
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downregulation of MUC6 and the effect of MUC6 change on the occurrence and progression of GC have
not been fully explained.

Some of the earlier studies have recorded that mucins may be positioned at a hotspot for methylation in
the genome[14] and that methylation modi�cations played a signi�cant role in regulating mucin genes in
epithelial cancer cells[15]. A few studies indicated that the repression of MUC2 expression in colon
carcinoma cells was linked to methylation of its promoter[16]. However, de novo expression of MUC2 was
exhibited to be triggered by promoter demethylation or hypomethylation in pancreatic and gastric
carcinoma cells[17,18]. Nevertheless, data regarding MUC6 are unavailable. The above-mentioned studies
motivated us to study the relationship between MUC6 and GC using the TCGA database and the software
Gene Expression Pro�ling Interactive Analysis. The expression of MUC6 in GC tissue was found to be
signi�cantly lower than that in normal tissues and to be closely associated with the metastasis of tumors
(Supplementary Figure 1). Retrieved MethHC database indicated that the methylation level of MUC6
promoter region in GC tissues was higher than that in the normal tissues, and a signi�cant difference
between the two levels was found (Supplementary Figure 2). Thus, MUC6 is assumed to promote the
metastasis of GC through methylation of its promoter region, resulting in the downregulation of its
expression. The effect of downregulation of MUC6 on the biological behavior of GC cells and the
mechanism of downregulation of MUC6 expression are the focus of this study. The above hypothesis
was investigated through clinical samples, MUC6 overexpression and knockdown, and MUC6
methylation, and demethylation.

Methods
Patients and tissue samples

All tissue samples were supplied by the Department of Gastroenterology, Huamei Hospital, University of
Chinese Academy of Sciences between January, 2017 and October, 2018. The study was approved by the
Ethics Committee of Huamei Hospital, University of Chinese Academy of Sciences. All participating
patients were informed regarding the procedure, and written informed consent was obtained from them.
Each patient’s surgical sample was divided into two sections. One section was �xed in formalin and
embedded in para�n and then its histopathology was investigated. The other section was immediately
refrigerated to be used for MUC6 detection. None of the patients underwent chemotherapy and
radiotherapy prior to the tissue harvest.

Cell lines and cell culture

SGC7901 cells with the lowest expression of MUC6 for MUC6 plasmid transfection and gastric epithelial
cells (GES-1) with the highest expression of MUC6 for MUC6 knockdown were selected (Supplementary
Figure 3). The SGC7901 gastric adenocarcinoma and GES-1lines were procured from the Shanghai Cell
Bank (Shanghai, China). The cells were cultured in a DMEM medium containing 10% FBS and 1×
penicillin–streptomycin at 37°C, 5% CO2, and saturated humidity incubator.
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Transfection

The transfected plasmids included MUC6 overexpression and knockdown plasmids. The former was
divided into control group (pGL3) and MUC6 overexpression plasmid group (pGL3-MUC6-Promoter). The
latter was 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 Fisher Scienti�c, Inc. Waltham, Ma, USA). The MUC6-coding insert was established by the total
gene synthesis. For transfection, 1 µg MUC6 plasmid and 25 µg Lopti-MEM were gradually added to
liposome. Thus prepared 50 µL transfection complex was added drop by drop to the pore containing
SGC7901 cells and the culture medium and was gently mixed and incubated at 37°C incubator
containing 5% CO2. Next, the transfection e�ciency was detected. Thereafter, RNA and protein were
extracted from the cells, and MUC6 expression was analyzed using reverse transcription qPCR and
Western blot (WB) protocol.

Protein detection

Immunohistochemistry (IHC)

Tumor tissues were �xed in 4% formalin and embedded in para�n. Slices of thickness of 4µm were
prepared and baked in a 65°C thermostat for 6–12 hours), and IHC was performed. Sections were
dewaxed using xylene and rehydrated using gradient alcohol, were blocked using endogenous
peroxidase, and inactivated with 3% H2O2. The sections were then boiled in citrate buffer (pH 6.0) for 10
minutes to retrieve antigenicity, naturally cooled to room temperature and rinsed thrice with phosphate-
buffered saline (PBS), followed by incubation with the �rst antibody at 4°C overnight. After rinsing thrice
with PBS, the sections were incubated with the second antibody at 37°C for 30 min. The sections were
stained with DAPI reaction after another wash and then restained with hematoxylin. The staining
intensity and positive cell score were observed and photographed to analyze the staining results under
light microscopy. Scoring criteria: 0 was negative, 1–3 was weakly positive, 4–5 was moderately positive,
and 6–7 was strongly positive.

Hematoxylin–eosin(H&E) staining

Followed by xylene dewaxing and gradient alcohol rehydrating, sections were immersed in hematoxylin
dyeing solution for 5 minutes at room temperature. The sections were then washed under running water
for 1 minute, immersed in 1% hydrochloric acid alcohol solution for several seconds, and then under tap
water and returned to blue stain. They were then immersed in the eosin dye for 3–5 minutes, and the
excess dye on the slide was washed off with tap water. After dehydrating for 0.5 minutes with 80%
ethanol, 95% ethanol I, 95% ethanol II, absolute ethanol I, and absolute ethanol II, the sections were
treated with xylene I and II for 3 minutes to make them clear and transparent. Finally, the sections were
sealed with neutral gum.

Western blot (WB) protocol
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The total cell protein was extracted as per the following steps: Samples from each group were collected
into Eppendorf tubes, and 200 ml Western and Input pyrolysates were added into each tube (PMSF was
added before using, and the �nal concentration was 1 mM). The samples were mixed and fully
decomposed at 4°C for 30 minutes, centrifuged at 4°C and 12,000 rpm, and the supernatant were
collected and stored separately. Polyacrylamide gel was used for electrophoresis. First, 10% separating
gum and 4% concentrating gum were prepared. The sample was then mixed with 5×sample buffer, stored
at 100°C for 10 minutes, and rapidly cooled in an ice bath. The sample size was about 30μg per
swimming lane. The electrophoretic buffer was added to the electrophoretic tank, and 80V power supply
was provided. Constant voltage electrophoresis was performed until bromophenol blue runs out of the
concentrated rubber layer. For separating the gel, 120V 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
electrophoresis cell, which was transferred at a constant current of 200 mA and was immersed in a
sealed liquid containing 5% skimmed milk powder and sealed at room temperature for 1 hour. The closed
PVDF membrane was added with the �rst antibody and incubated overnight at 4°C (the dilution ratio of
MUC6 was 1:1000 and that of GAPDH was 1:5000) (MULTISCIENCES LIANKE) BIOTECH,CO.,LTD,
Hangzhou, China). PVDF membranes were washed thrice with 1× TBST buffer, and the second antibody
was added to incubate for 1 hour at room temperature and rewashed thrice with 1× TBST buffer. Then,
the PVDF membrane was placed on the fresh-keeping �lm, which was added with the mixture of a
moderate amount of solutions A and B from the ECL kit (MULTISCIENCES LIANKE) BIOTECH,CO.,LTD,
Hangzhou, China)  and moved into the gel imaging analyzer (SMA4000, Merinton, USA). The supporting
software was SMA4000 V4.2.3, Merinton, USA. The chemical photosensitive mode was exposed and
developed. Photographs were exported in a TIFF format.

Molecular Detection

Quantitative polymerase chain reaction (qPCR) protocol

The total RNA was prepared with the help of a High Purity Total RNA Rapid Extraction kit (No.,GK3016;
Generay Corporation, Shanghai, China). Reverse transcription kit (HiScript-II Q RT SuperMix) for qPCR
was supplied by Vazyme Biotech Company (No.,R222-01; Vazyme Biotech Co. Ltd., Nanjing). Primers for
real-time PCR were designed as per the MUC6 and b-actin sequence: forward primer of MUC6:5´-
TGGTGAACTCGTGGAAGGA-3´; reverse primer of MUC6: 5´-TGGCAGGTGGCAAAGGT-3´; ampli�cation
production of MUC6: 139bp. Forward primer of Actin: 5´-TGACGTGGACATCCGCAAAG-3´; reverse primer
of actin reverse: 5´- CTGGAAGGTGGACAGCGAGG-3´; ampli�cation production of actin: 205 bp. After
reverse transcription, quantitative PCR was performed according to the manufacturer’s instructions
(ChamQ SYBR Color qPCR Master Mix, Vazyme, NanJing, Q411-02). The reaction system was as follows:
SYRB Green mix 10μl, upstream primer 1μl, downstream primer 1μl, diluted cDNA 8μl, and the overall
system was of the quantity 20μl. The system was mixed and reacted with a CFX Connect Real-Time PCR
(Bio-Rad, Goodhere, Hangzhou, China). instrument. The ampli�cation conditions were as follows:
Predenaturation at 95°Cfor 30 seconds, denaturation at 95°C for 10 seconds, annealing at 60°C for 30
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seconds, and elongation at 70°Cfor 5 seconds, totaling to 45 cycles was performed. Actin was taken as
the internal parameter, and the relative expression level of MUC6 was expressed by 2−△△Ct value.

Construction of MUC6 siRNA

Three different siRNAs against the human MUC6 gene were designed to speci�cally knock down MUC6
expression in GES-1 cells. The siRNA sequences were as follows: siRNA-1:
CGUCAAAUGUGGUAACAAAGGAG, siRNA-2: UGUAUUCAGUAGUCGUUCUUUGUU, and siRNA-3:
GCACAUAAUAAGAAACAGUAG. The control siRNA sequence was a random small fragment with the same
length.

Methylation

The promoter region of MUC6 was constructed on PGL-3 vector and treated with the methylation reagent.
Plasmid DNA was methylated by M. SssI methyltransferase (CpG Methyltransferase, New England
Biolabs, USA). Normal pGL3-MUC6-Promoter (or pGL3) and methylated pGL3-MUC6-Promoter were
transfected intoGES-1cells. The modi�ed plasmid DNA was digested by BstUI restriction endonuclease to
verify the methylation protection of M. SssI. Luciferase activity was studied 48 hours later. Renila was
used as an internal reference.

Demethylation

SGC7901 cell lines in the logarithmic phase were digested using 0.25% typsin, centrifuged at 1000 rpm
for 5 minutes and laid into three six-well plates, four holes for each six-well plate, 200,000 cell holes in
each plate, and counted under the counter plate. They were stored in the incubator overnight. Three
gradients of the demethylation drug (5-aza-2'-deoxycytidine) concentrations were prepared: 1, 5, and 10.
Each 6-hole plate consisted of four groups: CK, 1 μM, 5 μM, and 10 μM groups. Drugs were added into
each group. RNA was extracted at 24 hour, 48 hour, and 72 hour, respectively.

Double luciferase report experiment

The double �uorescein luminescence was detected as per the instructions in the Dual Luciferase Reporter
Assay System kit (E1910, Promega, Madison, Wisconsin, USA). The concrete procedure is as follows: (1)
The 24-hole plate was taken out and the culture medium discarded using a gun head, it was then gently
cleaned with 1× PBS until it was exhausted. (2) Each hole was added with 100 μL 1×PLB cracking �uid,
which was oscillated at room temperature for 20 minutes. The cracking solution was transferred to 1.5 ml
EP tube and centrifuged for supernatant. (3) Then, 20μL cracking solution was transferred into 1.5 mL EP
tube, and 100μL luciferase substrate LAR II was added into each hole to prevent light penetration and
inserted into the instrument for the �rst luciferase reading. (4) About 100μL Stop & Glo Reagent was
added into the EP tube and inserted into the instrument for the second reading. (5) Data analysis: The
�nal �uorescence value of each hole was the �rst �uorescence reading of a �re�y. The second
�uorescence reading was that of sea kidney.
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Phenotype Detection

Cell migration

After 48 hours , the treated cells were digested and centrifuged with 0.25% trypsin + 0.02% EDTA,
suspended with 2% serum medium, counted, transferred to a 24-well plate with 2.0×105/well/density, and
incubated with 10% serum medium in the basement, 5% CO2, and 37°Cincubator temperature.

Cell invasion

Matrix gel was removed from the refrigerator at −20°℃ and was ice bathed overnight at 4°C. Under the
ice bath, 10mg/mL matrix glue was gently mixed with a serum-free medium of equal volume and then
added to the upper layer of the Transwell chamber, incubated at 37°Cfor 4 6 hours. The serum-free
medium was gently rinsed once in the Transwell chamber for later use. Cells in each group were digested
with 0.25% typsin + 0.02% EDTA, centrifuged at 1500rpm for 5 minutes, counted on a counter plate,
suspended in a 2% serum medium, diluted to 5.0×105/ well, and placed in the upper chamber of the
Transwell chamber, 2.0×105/well, and cultured in10% serum of 500μL in the lower chamber. After 16
hours of culture, the above-mentioned cells were cleaned thrice with 1 × PBS, �xed at room temperature
with 4% paraformaldehyde for 15 minutes, then cleaned thrice with 1 × PBS again, wiped the upper
chamber cells with cotton swabs, the cells with crystal violet stain for 15 minutes, cleaned thrice with 1 ×
PBS, air-dried at room temperature, and photographed under a microscope.

Statistical analysis

Bands from WB or quantitative PCR were quanti�ed using Quantity software (CFX Connect Real-Time
System, Bio-Rad, Goodhere, Hangzhou, China). Numerical data are presented as values of mean ±
standard deviation. The difference between means was assessed using Student’s t test. The multigroup
average was analyzed with the help of CFX Manager 3.1 (Bio-Rad, Goodhere, Hangzhou, China) statistical
software. The homogeneity test of variance was �rst performed for the data. If the variance was
homogeneous, single factor analysis of variance was used to compare differences among all groups.
The mean comparison was made between the multiple dose groups and one control group by means of
the one-to-one comparison method. The rank sum test was used to analyze the data of nonnormal or
heterogeneous variance. All statistical analyses were performed using the SPSS 16.0 software (SPSS,
Inc., Chicago, IL, USA). Values of p<0.05 were considered statistically signi�cant.

Results
Patient characteristics

A total of 40 specimens were collected from GC and gastric mucus membranes from the near cancer
sites. Forty patients were con�rmed by histopathology of surgical samples for adenocarcinoma, and the
tissues surrounding the cancer site was con�rmed as normal gastric mucus membrane through H&E
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staining. The patient’s age range was 51 83 years (median age =67.6), including 24 males and 16
females. The patients’ demographic data are given in Table 1.

MUC6 expression levels in GC and paracancerous tissues

IHC and qPCR were performed in 40 cases of GC and corresponding normal adjacent tissues. By way of
either IHC (p<0.05) or qPCR (p<0.01), the results indicated that the expression of MUC6 in GC tissues was
signi�cantly lower than that in normal paracancerous tissues (Figures 1 and 2).

Effects of overexpression and knockdown of MUC6 on cell invasion and migration

SGC7901 cells with the lowest expression of MUC6 for transfection were selected (Supplementary Figure
3). After the transfection of MUC6 plasmid, the expression of MUC6 in SGC7901 cells was found to
increase signi�cantly to a value higher than that in the control group, which was con�rmed by qPCR
(p<0.001; Figure 3A) and WB detection (p<0.001; Figure 3B). The migration (p<0.01) and invasion
(p<0.05) abilities of SGC7901 cells were observed to be decreased signi�cantly after overexpression of
MUC6 (Figure 4).

GES-1 cells with the highest MUC6 expression were chosen (Supplementary Figure 3) to knock down.
After knocking down MUC6, the expression of MUC6 mRNA and protein in GES-1 cells transfected with
siMUC6 decreased as compared to NC(p<0.01), and the MUC6 expression in siMUC6-3-transfected cells
was the lowest (p<0.001) (Figure 5). The migration and invasion abilities of the siMUC6-transfected cells
increased signi�cantly as compared to siNC cells (p<0.001; Figure 6).

Methylation level of MUC6 promoter region

The methylation of MUC6 promoter region was detected by way of qPCR in 5 GC patients in the GC and
adjacent tissues. The methylation level of MUC6 in paracancerous tissues was found to be signi�cantly
lower than that in GC tissues (Figure 7).

The methylation levels of MUC6 promoter region in several GC and epithelial cell lines were detected
through qPCR. The methylation levels of MGC803, MKN45, AGS, SGC7901, and BGC823 were recorded to
be signi�cantly higher than those of normal GES-1 (Figure 8).

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 methylation was veri�ed by restriction endonuclease digestion with BstUI. Compared
with pGL3, the �uorescence activity of MUC6 promoter region after methylation was observed to decrease
signi�cantly (p<0.001), suggesting that BstUI enzyme could cut plasmid DNA without M. SssI
modi�cation, but not that modi�ed by M. SssI (Figure 9). This indicated that promoter methylation could
signi�cantly reduce the binding of MUC6 promoter region to related transcription factors.
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Different concentrations of demethylation drug 5-aza-2'-deoxycytidine were added to SGC7901cells, and
the expression of MUC6 in SGC7901 cells was detected by using qPCR and WB. The expression of MUC6
was observed to increase with the concentration of demethylated drugs and the time of action (Figure
10), suggesting that the expression of MUC6 was regulated obviously by methylation of its promoter.

Discussion
For the �rst time, as per our knowledge, the methylation of MUC6 promoter region was shown to cause a
signi�cant downregulation of MUC6 in GC and that the downregulation of MUC6 may promote the
metastasis of GC. Earlier studies focused on detecting the expression of MUC6 in GC and normal
tissues[6]. A decrease in MUC6 expression in GC has been elucidated[9,19], and MUC6 gene polymorphism
appears to be associated with the tendency of GC[20]. Varied expression of MUC6 gene in GC has been
described in the literature[11]. The expression of MUC6 was highly correlated with the progression of
GC[13] and was found to be repressed by methylation in KATO-III cells[21,22]. However, these studies only
draw conclusions based on clinical specimen detection, and there was no direct evidence of basic tests,
lack of systematic and complete demonstration. Therefore, regulation of MUC6 gene expression in
gastric cells and the effect of downregulation of MUC6 expression on metastasis of GC are yet to be
further explored.

The expression of MUC6 in GC and adjacent tissues was investigated, and it was indicated to be
signi�cantly lower in GC than in the adjacent tissues, which was consistent with the �ndings of earlier
studies[9,10], indicating that downregulation of MUC6 might be related to the progression of GC. To further
explore the effect of downregulation of MUC6 on metastasis of GC, MUC6 in GC cells was knocked down
by siRNA. After knocking down MUC6 gene in GC cells, the migration and invasion abilities of GC cells
increased signi�cantly. MUC6 plasmid was also transfected into SGC7901 cells and performed cell
migration and invasion experiments. Overexpression of MUC6 in GC cells could signi�cantly reduce cell
invasion and migration as per our results, which proved that upregulation of MUC6 may reduce the
metastasis of GC. Earlier studies concluded that GC lacking MUC6 expression showed aggressive
behavior[10] and was signi�cantly correlated with the factor such as the depth of invasion, venous
invasion, stage, and poorer patient prognosis[23], which mutually correlated with our results. Therefore, at
the cellular level, the hypothesis that MUC6 downregulation promotes the metastasis of GC was
con�rmed.

The methylation of MUC6 in GC and adjacent tissues was investigated on the basis of large data retrieval
results of MUC6 promoter region. The results suggested that the methylation of MUC6 in GC tissues was
found to be signi�cantly higher than that in adjacent tissues. To verify the downregulation of MUC6
expression caused by high methylation level in GC, the promoter region of MUC6 was treated with M. SssI
methylation modifying enzyme and veri�ed by BstUI cleavage. The �uorescence of MUC6 promoter
region was observed to be decreased after methylation, indicating that the expression of MUC6 was
downregulated. It was con�rmed that methylation interferes with the binding of MUC6 promoter region to



Page 10/19

transcription factors. 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
upregulated signi�cantly after demethylation. Earlier studies have concluded that regional
hypermethylation occurring preferentially at promoter CpG islands has a signi�cant role in
carcinogenesis[24-26] and results in the inactivation of tumor suppressor genes[27,28]. A high number of
CpG sites throughout MUC6 promoter had been identi�ed[15], which became the material basis of
methylation affecting MUC6.

It may be concluded that our results completely correlate with those of earlier �ndings[22], that is,
methylation of promoter region leads to downregulation of MUC6 expression. Thus, the hypothesis that
promoter methylation caused MUC6 downregulation and promoted GC metastasis was veri�ed at the
molecular level.

The limitation of this study was that only in vitro experiments revealed that the downregulation of MUC6
promoted 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 metastasis of GC, we
did not provide any information on the related sites of methylation. These will be investigated in our next
study.

Conclusion
To conclude, the expression of MUC6 was evidently regulated by methylation of its promoter, and the
methylation of MUC6 promoter might lead to signi�cant downregulation of MUC6 in GC and promote the
metastasis of GC.
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Table 1. Clinicopathological Features
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Features Number
Sex

Male
Female

 
24
16

Age
<60
60–80
>80

 
8
28
4

Histological classification  
Tubular adenocarcinoma 16
Mucinous adenocarcinoma 14
Signet ring cell carcinoma 6
Undifferentiated carcinoma 4

Lymph node metastasis 24
Differentiated degree

Well 
Moderately 
Poorly

 
2
6
32

Tumor stage
I
II
III
IV

 
4
8

28
0

Location  
Antrum 26
Angle 12
Gastric body 2

Figures

Figure 1

IHC �ndings of gastric samples. Immunoreactivities to MUC6 distributed to the cytoplasm. A,
Immunohistochemical staining of MUC6 in normal paracancerous tissues; B, Immunohistochemical
staining of MUC6 in GC tissues. There was a strongMUC6 expression in paracancerous tissues, but not in
gastric carcinoma tissues. Immunostaining×40.



Page 15/19

Figure 2

Detection of MUC6 in GC and adjacent tissues by IHC and qPCR. A.IHC showed that MUC6 in GC tissue
was signi�cantly downregulated compared with that in adjacent tissues (*p<0.05); B. qPCR showed that
MUC6 in GC tissues was signi�cantly downregulated compared with that in adjacent tissues (**p<0.01).

Figure 3

Detection of MUC6 expression by qPCR and WB 48 hours after transfection. A. qPCR showed that the
expression of MUC6 mRNA increased signi�cantly after transfection of overexpressed plasmid (n=3
***p<0.001); WB showed that the expression of MUC6 protein increased signi�cantly after the
transfection of overexpressed plasmid (n=3 ***p<0.001). NC, control group.
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Figure 4

Detection of migration and invasion of SGC7901 cells by Transwell after overexpression of MUC6.
Compared with NC, the ability of cell migration and invasion decreased signi�cantly after MUC6
overexpression (n=3, **p<0.01 *p<0.05). NC, No-load plasmid group. MUC6, MUC6 overexpression group.

Figure 5
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Detection of MUC6 expression after knockdown by qPCR and WB. Compared with NC, the expression of
MUC6 (A, mRNA; B, protein) in GES-1 cells transfected with siRNA decreased, and the MUC6 expression of
cells transfected with siRNA3 was the lowest (n=3, **p<0.01 ***p<0.001). NC, siRNA irrelevant sequence;
si1, siRNA; si2, siRNA2; si3, siRNA3.

Figure 6

Cell migration and invasion assay. Transwell assay showed that the migration and invasiveness of cells
increased signi�cantly after knocking down MUC6 by siRNA (n=3, ***p<0.001).NC, siRNA irrelevant
sequence; siRNA, knockdown of MUC6.

Figure 7
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Detection of MUC6 methylation in GC and adjacent tissues by qPCR. The results showed that the
methylation level of MUC6 promoter region in paracancerous tissues was signi�cantly lower than that in
cancer tissues. U, non-methylation; M, methylation.

Figure 8

Detection of methylation level of MUC6 promoter region in gastric cell lines by PCR. The results showed
that the methylation levels of MGC803, MKN45, AGS, SGC7901, and BGC823 were signi�cantly higher
than those of normal GES-1. U, non-methylation; M, methylation.

Figure 9

Fluorescence activity analysis of methylation in MUC6 promoter region. A. Validation of methylation
modi�cation in MUC6 promoter region. The �gure showed that BstUI enzyme could cut plasmid DNA
without M. SssI modi�cation, but not plasmid DNA modi�ed by M. SssI. B. Compared with pGL3, the
�uorescence activity of MUC6 promoter region after methylation decreased signi�cantly (n=3
***p<0.001). M, maker; 1, plasmid DNA; 2, plasmid DNA treated by M. SssI methylation modifying
enzyme; 3, plasmid DNA digested by BstUI enzyme; 4, plasmid DNA digested by M. SssI methylation
modifying enzyme; Control, the unmethylated plasmids were transfected into cells. Methylation, the
methylated plasmid was transfected into cells.
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Figure 10

Detection of MUC6 expression in cells treated with different concentrations of demethylation drugs by
qPCR (A) and WB (B). The results showed that the expression of MUC6 increased with the concentration
of demethylated drugs and the time of action (n=3,**p<0.01,*p<0.05). CK, Untreated cells; 1μM, 5μM, and
10μM, Cells were treated with 5-aza-2'-deoxycytidine at concentrations of 1, 5, and 10μM.
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