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Objectives: MUTYH is a protein-coding gene that takes part in base excision repair. Many 

previous studies have reported that MUTYH is directly related to hereditary adenomatous poly-

posis and colorectal cancer and is also associated with other cancers. However, the relationship 

between MUTYH and bladder cancer (BC) is unknown.

Materials and methods: The expression of MUTYH and clinical characteristics of BC 

were collected from databases including The Cancer Genome Atlas and Cancer Cell Line 

Encyclopedia. RNA sequencing and quantitative real-time PCR were used to detect MUTYH 

expression in SW780 BC cells. The level of MUTYH was stably downregulated by lentivirus-

mediated vector in SW780 cells. Cell proliferation was evaluated using Cell Counting Kit-8 

assay and 5-ethynyl-20-deoxyuridine assay, migration was detected using scratch assay and 

Transwell assay, and apoptosis was determined using ELISA.

Results: MUTYH was upregulated in BC tissues and SW780 cells and its expression level 

was positively associated with the stage and grade of carcinomas. MUTYH was successfully 

downregulated in SW780 cells by transducing with a lentivirus-mediated shRNA targeting 

MUTYH. MUTYH knockdown inhibited the proliferation and migration and induced apoptosis 

in SW780 cells.

Conclusion: Our data suggest that MUTYH is a new participant in bladder urothelial carcinoma. 

MUTYH may play a role as a biomarker and therapeutic target in BC.

Keywords: MUTYH, bladder cancer, cell proliferation, migration, apoptosis

Introduction
Bladder cancer (BC) is the ninth most common malignant tumor worldwide and has 

the highest mortality rate among urogenital system tumors.1,2 In recent decades, the 

morbidity and mortality of BC have attracted worldwide attention.3 Although many 

BC treatments are available, such as surgery, radiation therapy, chemotherapy, and 

immunotherapy, the 5-year survival rate of BC is still low due to the high recurrence 

rate and rapid progress of the disease.4–6 The lack of a profound understanding of 

BC pathogenesis is one of the most important reasons for its high mortality rate. 

Therefore, investigation of the molecular mechanisms underlying the pathogenesis 

of BC is critical.

MUTYH encodes a DNA glycosylase involved in oxidative DNA damage repair. 

MUTYH is a vital DNA repair enzyme that protects cells from oxidative DNA damage 

and is critical for a proper cellular response to DNA damage. The enzyme excises 

adenine bases from the DNA backbone at sites where adenine is inappropriately paired 

with guanine, cytosine, or 8-oxo-7,8-dihydroguanine, a major oxidatively damaged 
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DNA lesion.7,8 When the MUTYH gene product is damaged 

by a double allelic germline mutation, the mutation related 

to cancer, such as APC and/or KRAS gene, is transformed 

to G through T.9 Previous studies have shown that the 

MUTYH gene is highly correlated with colorectal cancer and 

hereditary adenomatous polyposis,7,10 and this gene is also 

related to lung adenocarcinoma, breast cancer, and gastric 

cancer.11–13 However, the relationship between the gene and 

disease of the genitourinary system is still unknown, and 

the role of MUTYH in the development of BC is completely 

unclear and needs to be studied. Thus, we hypothesized that 

MUTYH may play roles in BC.

In this study, we identified MUTYH expression patterns 

in urinary bladder urothelial carcinoma and investigated 

the effects of lentivirus-mediated MUTYH knockdown on 

the growth, invasion, and apoptosis of a urinary bladder 

urothelial carcinoma cell line (SW780). According to the 

results, we demonstrated that MUTYH was upregulated in BC 

tissues and cell line (SW780). Moreover, silencing MUTYH 

significantly inhibited the proliferation and migration and 

induced apoptosis of BC cells. Our data show that MUTYH 

is a powerful tumor marker, and highlight its potential 

clinical application as a promising prognostic marker and 

therapeutic target.

Materials and methods
cell lines and cell culture
The human normal urothelial cell line (SV-40-immortalized 

human uroepithelial cell line, SV-HUC-1), human embry-

onic kidney cells (293T), and human bladder transitional 

cell carcinoma cell line (SW780) were purchased from the 

American Type Culture Collection (ATCC, Manassas, VA, 

USA). The SV-HUC-1 cells were cultured in F12K (Thermo 

Fisher Scientific, Waltham, MA, USA) plus 1% antibiotics 

(100 U/mL penicillin and 100 µg/mL streptomycin sulfate) 

and 10% FBS. The SW780 and 293 T cells were grown in 

DMEM (Thermo Fisher Scientific), supplemented with 10% 

FBS and 1% antibiotics. All cells were cultured at 37°C in 

a humidified atmosphere with 5% CO
2
.

construction of stable transfected cell 
lines
A lentiviral vector encoding MUTYH shRNA was designed 

and synthesized by SyngenTech (Beijing, China). The 

sequence of the shRNA negative control with no significant 

homology with the human gene sequence was 5′-TAATTG 

TCAAATCAGAGTGCTT-3′. The shRNA sequence target-

ing MUTYH was 5′-GCCAGGAGATTTCAACCAAGC-3′. 
The fragments of these shRNAs were then cloned into 

pLV-hU6-hEF1a-EYFP-2A-Puro to construct the lentivirus 

vectors. Then the lentivirus vector and auxiliary plasmid 

liposomes (pMD2.G and psPAX.2) were transfected into 

293 T cells using Lipofectamine 3000 (Thermo Fisher 

Scientific) according to the manufacturer’s protocol, to 

produce lentivirus vectors. The supernatant was collected 

at 48 and 72 hours after transfection, then centrifuged at 

1,500×g to remove cell debris, and finally filtered through 

a 0.45 µm polyvinylidene difluoride filter. The supernatant 

was concentrated using a lentivirus concentration solution 

(1:5; BioGeek) and then incubated overnight at 4°C. The 

concentrated virus particles were collected and resuspended 

according to the manufacturer’s protocol. The human bladder 

transitional cell carcinoma cell line (SW780) was infected 

by the viral suspension with polybrene (8 µg/mL; HanBio 

Biotechnology, Pudong, China). At 48 hours after infec-

tion, the positive stably transduced cell lines were screened 

using puromycin (1 µg/mL; Sigma-Aldrich Co., St Louis, 

MO, USA).

rna extraction and quantitative real-
time Pcr (qrT-Pcr) analysis
Total RNA was extracted from normal SW780 cells, 

SV-HUC-1 cells, or infected SW780 cells using TRIzol 

reagent (Thermo Fisher Scientific) according to the manu-

facturer’s instructions. A Nano Drop spectrometer (Thermo 

Fisher Scientific) was used to measure the concentration and 

purity of total RNA according to the 260/280 absorbance 

ratio. A Revertra Ace qPCR RT Kit (Toyobo, Osaka, Japan) 

was used to transform RNA to cDNA. The qRT-PCR was 

performed using SYBR® Premix Ex Taq™ (TaKaRa Bio 

Inc., Shiga, Japan) according to the manufacturer’s protocols. 

GAPDH was chosen as the internal control to normalize 

the data. The primer sequences were as follows: MUTYH 

primers forward: 5′-ACGACCAAGAGAAACGGGAC-3′, 
reverse: 5′-GGCCACGAGAATAGTAGCCC-3′. GAPDH 

primers forward: 5′-AATCCCATCACCATCTTCCAG-3′, 
reverse: 5′-TTCACACCCATGACGAACAT-3′. The PCR 

mixtures were prepared according to the manufacturer’s 

protocols with PCR conditions of 40 cycles of 15 seconds at 

95°C, 20 seconds at 55°C, and 30 seconds at 70°C on an ABI 

PRISM 7300 Fluorescent Quantitative PCR System (Thermo 

Fisher Scientific). The average value of each triplicate was 

used to calculate the relative amount of MUTYH using the 

2−ΔΔCt method.

cell proliferation assay
Cell proliferation was examined using Cell Counting 

Kit-8 assay (CCK-8; TransGen, Beijing, China) and a 
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5-ethynyl-20-deoxyuridine (EdU) assay kit (Ribobio, 

Guangzhou, China) according to the manufacturer’s instruc-

tions. For the CCK-8 assay, 5×103 stably transfected MUTYH 

shRNA or shRNA-NC SW780 cells were seeded into a 

96-well plate and cultured in a 37°C incubator. At 24, 48, or 

72 hours, 10 µL of CCK-8 reagent was added to each well 

and incubated for 1 hour. An automatic microplate reader 

(Bio-Rad Laboratories Inc., Hercules, CA, USA) was used 

to measure the absorbance at 450 nm. For the EdU assay, 

stably transfected cell lines were seeded into a 24-well flat-

bottomed plate and incubated with 300 µL of 50 µM EdU per 

well for 2 hours at 37°C. Then, the cells were fixed at room 

temperature for 30 minutes using 150 µL fixative (PBS with 

4% paraformaldehyde). Next, 150 µL of 2 mg/mL glycine 

was added to each well, and the decolorization plate was 

incubated for 5 minutes followed by washing with 300 µL 

of PBS. After incubation, 300 µL of 0.5% Triton X-100 was 

added to each well and incubated for 10 minutes for permea-

bilization. Then the cells were washed with PBS and reacted 

with 300 µL of 1× Apollo solution for 30 minutes at room 

temperature in the dark. Three hundred microliters of osmotic 

agent (0.5% Triton X-100 in PBS) was added to the cells in 

each well and the plate was washed and shaken three times; 

then the plate was washed with 300 µL of methanol twice, 

followed by one wash in PBS. Subsequently, the cells were 

incubated with 300 µL of Hoechst 33342 for 30 minutes at 

room temperature in the dark followed by washing with PBS. 

The cells were then observed under a fluorescence micro-

scope. All experiments were repeated at least three times.

cell migration assay
Cell migration ability was measured by scratch assay and 

Transwell assay. For the scratch assay, cells were seeded 

into six-well plates and incubated until they reached ~90% 

confluence. Clear lines in the wells were created using a 

sterile 200 µL pipette tip. A digital camera system was used 

to quickly take photographs of each well immediately after 

scratch creation, and then 24 hours later, the same areas were 

re-photographed. Migration distance was measured at the 

time points of 0 and 24 hours using the software program 

HMIAS-2000. For the Transwell assay, Transwell inserts 

with 8.0 µm pores (COStor, Kennebunk, ME, USA) were 

placed into wells of a 24-well plate. Cells were first starved in 

200 µL serum-free medium and then 3×104 cells were placed 

into wells of the uncoated dishes. The bottom chambers were 

filled with 500 µL medium supplemented with 10% FBS. 

Cells were cultured at 37°C in a humidified atmosphere 

with 5% CO
2
 for 24 hours, after which the cells that had 

migrated to the bottom surface of the filter membrane were 

fixed in 4% paraformaldehyde for 20 minutes and stained 

with 0.1% crystal violet (Sigma-Aldrich Co.) for 25 minutes. 

The superfluous dye on the surface of the polycarbonate 

membrane was removed with sterile double-distilled water 

(ddH
2
O) and a cotton swab. The invaded cells were observed 

and photographed using an inverted microscope. Next, the 

chambers were soaked in 1 mL of 33% glacial acetic acid for 

10 minutes to wash out the crystal violet. Then, 100 µL of 

33% acetic acid was added to each well of the 96-well plate 

and the absorbance was measured at a wavelength of 570 nm 

using a microplate reader (Bio-Rad Laboratories Inc.). All 

experiments were performed at least three times.

apoptosis assays
Apoptosis was measured by caspase-3 ELISA. The caspase-3 

activity of stably transfected cell lines was detected using a 

human caspase 3 (Casp-3) ELISA Kit (Cusabio Technology 

LLC., Houston, TX, USA) according to the manufacturer’s 

protocol. A microplate reader was used to measure the 

OD values at 450 nm. Experiments were repeated at least 

three times.

large database information mining and 
rna sequencing
The expression levels and pathological prognosis of MUTYH 

were validated in The Cancer Genome Atlas (TCGA) 

dataset.23 Relevant mRNA expression data and clinical data 

of BC in TCGA cohort (TCGA-BLCA) were downloaded 

from UCSC Xena (https://xenabrowser.net/heatmap/#, up 

to March 27, 2018). MUTYH mRNA expression data in dif-

ferent urinary tract cancer cell lines were obtained from the 

Cancer Cell Line Encyclopedia.14 We also performed RNA 

sequencing to identify the differences in MUTYH expression 

in the SVHUC1 and SW780 cell lines. RNA sequencing was 

carried out by Shanghai Genminix Information Technology 

Co., Ltd. (Shanghai, China).

statistical analyses
Each experiment was independently performed in triplicate. 

Data are presented as mean ± SD. SPSS 8.0 software (SPSS 

Inc., Chicago, IL, USA) was used to perform the statistical 

analysis, and GraphPad Prism 6 (GraphPad Software, Inc., La 

Jolla, CA, USA) was used to deal with all data. Differences 

between two groups were compared by Student’s t-test, and 

analysis of variance was used to compare the differences 

among the means of multiple groups. The nonparametric 

rank sum test was used to compare data that do not obey 

normal distribution and homogeneity of variance. P0.05 

was considered to be statistically significant.
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Results
MUTYH was upregulated in Bc tissues 
and sW780 cells
Initially, in TCGA database, data from 426 pairs of speci-

men tissues, of which 19 were pairs of matched BC tissues 

(Figure 1A and B) showed that MUTYH expression in tumor 

tissues was higher than in normal tissues (P0.01). Data 

on the MUTYH expression level in various BC cell lines 

were obtained from the Cancer Cell Line Encyclopedia 

(Figure 1C). RNA sequencing of cell lines demonstrated that 

the MUTYH expression level in the BC cell line SW780 was 

higher than that in the normal urothelial cell line SV-HUC-1 

(Figure 1D). (The original results of cell RNA sequencing 

are presented in the Supplementary material.) The expression 

levels of MUTYH in SW780 and SV-HUC-1 cells were also 

detected with qRT-PCR. The results were consistent with the 

sequencing results, confirming that MUTYH was significantly 

upregulated in SW780 cells (P0.01; Figure 1E). Moreover, 

the MUTYH expression level was significantly correlated 

with patients’ gender (P0.001), pathologic stage (P=0.015), 

and histologic grade (P=0.017). However, the MUTYH 

expression level was not remarkably correlated with age or 

lymphatic vessel invasion (Table 1). These data demonstrate 

that MUTYH is upregulated in BC and may function as an 

oncogene in BC.

MUTYH was suppressed by lentivirus-
mediated shrna infection in sW780 
cells
The SW780 cell line was derived from a grade I transitional 

cell carcinoma patient (www.atcc.org.), and in our previous 

work, we successfully constructed a stably transfected cell 

line using a lentivirus-mediated vector in SW780 cells.15 

Therefore, to further explore the biological role of MUTYH 

in BC cells, we employed the SW780 cell line as a model 

to construct the stably transfected cell line. Figure 2A 

shows the fluorescence expression in 293 T cells during 

lentivirus packaging. SW780 cells were infected with virus 

solution packaged by 293 T cells. The virus consistently 

expressed MUTYH shRNA or shRNA negative control. 

The successful infection of SW780 cells was determined 

using fluorescence microscopy to observe GFP expression 

(Figure 2B). The results showed that the lentiviral shRNA 

had a specific knockdown effect on the MUTYH gene in 

Figure 1 The MUTYH expression level in Bc tissues and sW780 cells.
Notes: (A) in a total of 426 cases of Bc in Tcga database, the expression of MUTYH in cancer tissues was higher than that in adjacent tissues. (B) compared with normal 
bladder tissues, MUTYH expression was higher in Bc tissues in Tcga database of 19 pairs of matched Bc tissues. (C) The MUTYH expression levels in various Bc cell lines 
were obtained from the ccle. (D) rna sequencing of the cell lines demonstrated that the MUTYH expression level in the Bc cell line sW780 was higher than that in the 
normal urothelial cells sV-hUc-1. (E) The MUTYH expression level in sW780 cells and sV-hUc-1 cells was analyzed with qrT-Pcr, and the results were consistent with 
the results of sequencing, confirming that the relative MUTYH expression level was significantly overexpressed in SW780 cells. Bars: mean±sD; **P0.01.
Abbreviations: Bc, bladder cancer; ccle, cancer cell line encyclopedia; qrT-Pcr, quantitative real-time Pcr; Tcga, The cancer genome atlas.
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SW780 cells, and the knockdown efficiency was ~70% 

(P0.01; Figure 2C).

MUTYH knockdown inhibited the 
proliferation of sW780 cells
In order to investigate the possible effect of MUTYH on the 

growth of BC cells, the proliferative activity of SW780 cells 

stably transfected with MUTYH shRNA or shRNA negative 

control was determined by CCK-8 assay and Edu assay. First, 

the CCK-8 assay results showed that the proliferative ability 

of the MUTYH shRNA group cells was significantly inhibited 

compared with the negative control cells over a 72-hour 

period (Figure 3A). The EdU assay also demonstrated that 

the number of EdU-positive SW780 cells was significantly 

decreased in the MUTYH shRNA group compared with the 

Table 1 correlation between MUTYH expression and clinico-
pathologic characteristics of bladder cancer patients based on 
Tcga-Blca cohorta

Parameters Group Total MUTYH 
expression

P-valueb

Low High

gender

age, years

Pathologic stage

histologic grade

invasion

Male
Female
60
60
i/ii
iii/iV
low
high
Yes
no

311
115
91
335
136
288
21
402
160
132

74
21
23
72
23
72
1
94
40
26

237
94
68
263
113
216
20
308
120
106

0.000c

0.975

0.015d

0.017d

0.081

Notes: aTcga-Blca cohort: The data were downloaded from The cancer 
genome atlas based on bladder cancer research.23 bP-values were determined using 
a 2-sided chi-squared test. cP0.01. dP0.05.

Figure 2 (A) During the process of lentivirus packaging, the fluorescence expression in 293 T cells was detected under a fluorescence microscope. This proved that the 
lentivirus packaging containing the target base sequence was successful. (B) The fluorescence expression of stably transfected SW780 cells screened by puromycin was 
detected with fluorescence microscopy. (C) qrT-Pcr was used to measure the MUTYH expression level in sW780 cells stably transfected with MUTYH shrna or shrna 
negative control. This demonstrated that the lentiviral shRNA had a specific knockdown effect on the MUTYH gene in SW780 cells, and the knockdown efficiency was ~70% 
(P0.01). Magnification ×40. Bars: mean±sD; **P0.01.
Abbreviation: qrT-Pcr, quantitative real-time Pcr.
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shRNA negative control group (Figure 3B). Moreover, the 

quantitative results indicated that the number of EdU-positive 

cells in the MUTYH shRNA group was significantly reduced 

in SW780 cells (P0.05; Figure 3C). These data demon-

strated that MUTYH knockdown significantly inhibited the 

proliferation of SW780 cells.

MUTYH knockdown inhibited the 
migration of sW780 cells
Next we investigated whether MUTYH suppressed cell 

migration in BC cells. The scratch assay and Transwell assay 

were carried out to measure the migration of SW780 cells 

stably transfected with MUTYH shRNA or shRNA negative 

control. Compared with the negative control group, cell 

migration ability was obviously inhibited in the MUTYH 

shRNA group (P0.01; Figure 4A and B). Likewise, the 

Transwell assay was used to further verify our experimental 

results. These data demonstrated that the migration distances 

in the negative control group were distinctly greater than 

in the MUTYH shRNA group (P0.01; Figure 4C and D). 

These results suggest that MUTYH knockdown inhibits the 

migration of SW780 cells.

MUTYH knockdown induced apoptosis of 
sW780 cells
To investigate whether MUTYH induces apoptosis of BC 

cells, a caspase-3 ELISA was performed to measure the 

relative caspase-3 activity of SW780 cells stably transfected 

with MUTYH shRNA or shRNA negative control. From the 

results shown in Figure 5, we found that the relative activity 

of caspase-3 was significantly increased in the MUTYH 

shRNA group compared with the negative control group 

(P0.01). These results indicated that MUTYH knockdown 

induces apoptosis of SW780 cells.

Discussion
Protein-coding genes are genes that encode proteins with 

specific functions. Differences in coding gene expression 

result in different functional proteins, which participate in a 

variety of biological actions, including tumor development. 

Figure 3 MUTYH knockdown inhibited the proliferation of sW780 cells.
Notes: cell proliferation was detected by both ccK-8 assay and edu assay. (A) compared to the nc group, the proliferative ability of sW780 cells stably transfected with 
MUTYH shRNA was significantly inhibited. (B) representative images of edU assay in sW780 cells stably transfected with MUTYH shrna or shrna nc. (C) The result of 
the quantitative measurement of edU-positive cells indicated that knockdown of MUTYH could inhibit the proliferation of sW780 cells. scale bar 100 µm; magnification ×100. 
Bars: mean±sD; *P0.05. **P0.01.
Abbreviations: ccK-8, cell counting Kit-8; edU, 5-ethynyl-20-deoxyuridine; nc, negative control.
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Previous studies have shown that protein-coding genes have 

a significant relationship with the development and prognosis 

of different tumors.16–19 MUTYH, one of the protein-coding 

genes, encodes the DNA glycosylated enzyme involved in 

basal resection and repair.11 MUTYH is a post-replicative 

DNA glycosylase that is highly conserved throughout the 

evolution process and is involved in the correction of mis-

matching caused by the misreplication of 8-hydroxyguanine.8 

Several MUTYH mutations have been found to be responsible 

for mutyh-related polyposis, an autosomal recessive genetic 

disease characterized by the susceptibility of adenomatous 

polyps in the colon and rectum.20 It is known that mutation 

of mismatched repair genes will increase the susceptibility 

to cancer in organs other than the colon, and previous stud-

ies have found that MUTYH is highly related to colorectal 

cancer, breast cancer, lung adenocarcinoma, and gastric 

cancer, but the relationship between MUTYH and BC has 

not been revealed.7,11–13,21 In addition, by sorting out TCGA 

database, sequencing, and qPCR data, we found that MUTYH 

expression was relatively high in BC tissues compared with 

adjacent noncancerous tissues. MUTYH expression was also 

relatively high in SW780 cells compared with SV-HUC-1 

cells. The MUTYH expression level was positively corre-

lated with patients’ gender, pathologic stage, and histologic 

Figure 4 MUTYH knockdown inhibited the migration of sW780 cells.
Notes: cell migration was measured by both scratch assay and Transwell assay. (A) cell migration arrest was observed in stably transfected cells in cell scratch assays. 
(B) Quantitative measurement of the migration area. (C) The Transwell assay was used to verify cell migration, and the result was consistent with the scratch assay. 
(D) Quantitative detection of Transwell assay results. scale bar 100 µm; magnification ×100. Bars: mean±sD; **P0.01.
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Figure 5 apoptosis was induced in sW780 cells stably transfected with MUTYH 
shrna using caspase-3 elisa.
Note: Bars: mean±sD; **P0.01.

grade. Consequently, it was very meaningful and necessary 

to explore the relationship between MUTYH and BC.

This is the first study to investigate the relationship 

between MUTYH and BC. In the study of gene function, it 

is important to knock down the target gene without affect-

ing other genes, and RNAi mediated by shRNA is a special 

gene silencing technology.22 Thus, to further study the role of 

MUTYH in BC, we used lentiviral vectors to construct stably 

transfected cell lines of SW780 cells that stably expressed 

MUTYH shRNA or shRNA negative control. Then, we exam-

ined the proliferation, migration, and apoptosis of these two 

cell lines in order to further explore the biological functions 

of MUTYH. The results showed that MUTYH knockdown, 

in the MUTYH shRNA group, significantly inhibited cell 

proliferation and migration and induced apoptosis of BC 

SW780 cells compared with the shRNA negative control 

group, suggesting that inhibition of MUTYH expression could 

suppress the development and progression of BC.

Limitations 
In this study, although we report our preliminary findings, there 

are still some limitations. First, we only verified the biological 

function of MUTYH in the BC cell line SW780; verification 

of this relationship between the gene and tumor development 

and progression would increase the impact of our findings. 

Second, tumor growth and metastasis are complex multilevel 

multifactorial processes that require more detailed studies to 

confirm our projections. In our future work, we will focus on 

mouse tumor formation experiments to verify whether the 

findings are consistent at the whole body level, and whether the 

tumor growth can be inhibited after knocking down MUTYH. 

We will also further investigate the mechanism of the relation-

ship between MUTYH and BC. More information should be 

obtained by comparing RNA sequencing and gene expression 

in SW780 cells before and after MUTYH knockdown.

Conclusion
This study demonstrated that MUTYH is upregulated in 

BC, and that high MUTYH expression is associated with 

advanced stage and high-grade carcinomas. In addition, we 

first revealed the important role of MUTYH in regulating the 

proliferation, apoptosis, and cell migration of the BC SW780 

cells. The therapeutic targeting of MUTYH may be a promis-

ing approach against BC development and metastasis.
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