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Abstract. — OBJECTIVE: The aim of this study
was to investigate the expression of UPK1B in
bladder cancer (BCa), and to further explore
the correlation between UPK1B expression and
pathological parameters as well as the progno-
sis of BCa.

PATIENTS AND METHODS: Quantitative re-
al-time polymerase chain reaction (qRT-PCR)
was used to detect the expression of UPK1B in
92 pairs of BCa tissues and adjacent normal tis-
sues. The relationship between UPK1B expres-
sion and pathological features as well as the
prognosis of BCa patients was further analyzed.
For in vitro experiments, the mRNA expression
level of UPK1B in BCa cell lines (EJ and T-24)
was detected by qRT-PCR. In addition, knock-
down of UPK1B in BCa cells was constructed
using small interfering RNA. Effects of UPK1B
knockdown on biological functions of BCa cells
were analyzed by Cell Counting Kit-8 (CCK-8),
colony formation assay and transwell assay, re-
spectively. Furthermore, the underlying mecha-
nism of UPK1B in regulating BCa was evaluated
by Western blot and qRT-PCR, respectively.

RESULTS: The expression of UPK1B in BCa tis-
sues was remarkably higher than that of adjacent
normal tissues (p<0.05). Compared with BCa pa-
tients with lower UPK1B expression, those with
higher UPK1B expression exhibited higher tumor
stage, lymph node metastasis and distant me-
tastasis. In vitro experiments indicated that cell
proliferation, invasion and metastasis were re-
markably decreased in cells transfected with si-
UPKiB when compared with those transfected
with negative controls. Western blot showed that
the expression of key proteins in the Wnt/B-cat-
enin signaling pathway in cells transfected with
si-UPK1B was significantly down-regulated com-
pared with those transfected with negative con-
trols, including B-catenin, c-myc and cyclinD1. In
addition, rescue experiments found that UPK1B
was regulated by pB-catenin.

CONCLUSIONS: UPK1B is upregulated in BCa,
and is significantly correlated with tumor stage,
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lymph node metastasis, distant metastasis and
poor prognosis of BCa. Moreover, UPK1B pro-
motes the proliferation, invasion and migration
of BCa via regulating the Wnt/B-catenin signal-
ing pathway.
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Introduction

Bladder cancer (BCa) is one of the most com-
mon malignant tumors in the urinary system,
which seriously affects physical and mental heal-
th'2. In the United States, BCa is the fourth most
common type of cancer in men and the ninth in
women. The number of new cases and deaths of
BCa in 2017 was 76,960 and 31,540, respecti-
vely"*. In China, the incidence of BCa has risen
annually and it has also increased with age. It’s
reported that males are more often affected than
females. Meanwhile, the incidence of BCa in an
urban area is higher than that of a rural area’. Risk
factors for BCa include environmental pollution,
smoking and exposure to some chemicals™*. With
the rapid development of molecular biology and
gene diagnosis technology, BCa is believed to be
an outcome of a long-term interaction between
genetic and environmental factors. Uncontrol-
led biological functions, including proliferation,
apoptosis, differentiation and others, all contribu-
te to the development and progression of BCa®®,
Currently, the treatment of BCa depends on the
depth of tumor invading the bladder wall, whi-
ch is expensive and insufficient. Early diagnosis
and treatment are urgently needed to improve the
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survival rate of BCa patients®. Therefore, it is of
great significance in clarifying the molecular me-
chanism of BCa, thereby providing solid basis for
the prediction, diagnosis and treatment of BCa.
Studies have found that Uroplakin 1B (UPK1B) is
closely related to the occurrence and development
of malignant tumors®!’. UPK1B can promote the
proliferation, invasion and metastasis of tumor
cells and regulate the development and progres-
sion of tumors'-'"2. It has been shown that UPK1B
is differentially expressed in multiple tumors
with tissue specificity, including colorectal can-
cer, hepatocellular carcinoma, breast cancer and
non-small cell lung cancer". However, the speci-
fic mechanism of UPK1B in tumors has not been
fully elucidated. Generally, UPKIB participates
in various biological processes, such as chromo-
somal recombination, gene imprinting, nuclear
transport, mRNA splicing and translation® .
However, the role of UPK1B in BCa has not been
explored. Therefore, we investigated the effect
of UPKI1B on the Wnt pathway, EGFR pathway,
TGF-B inhibition, f-catenin mutation and epithe-
lial-mesenchymal transition (EMT) in BCa'*'>.

In this work, we analyzed the expression of
UPKIB in 92 pairs of BCa tissues and adjacent
normal tissues, and explored its underlying me-
chanism. Previous researches have shown that
UPKI1B can inhibit the invasion and metastasis of
tumor cells, thus regulating the development of
tumors. Therefore, our study aimed at investiga-
ting the relationship between UPK1B expression
and pathological parameters as well as the pro-
gnosis of BCa.

Patients and Methods

Patients and BCa Samples

92 pairs of surgically resected BCa tissues and
adjacent normal tissues were collected. All the en-
rolled patients were pathologically diagnosed as
BCa based on the 8" Edition of UICC/AJCC TNM
Staging Criteria. BCa patients did not receive any
preoperative radiotherapy, chemotherapy or other
anti-cancer treatments. This study was approved
by the Ethics Committee of our hospital. Informed
consent was obtained from all the patients.

Cell Lines and Reagents

Four human BCa cell lines (EJ, T-24, 253j and
J82) and one human normal urothelial cell line
(SV-HUC-1) were purchased from ATCC (Ma-
nassas, VA, USA). Dulbecco’s Modified Eagle
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Medium (DMEM) medium and fetal bovine se-
rum (FBS) were purchased from the Life Tech-
nologies Corporation (Gaithersburg, MD, USA).
Cells were cultured in DMEM medium supple-
mented with 10% fetal bovine serum and main-
tained in a 37°C, 5% CO, incubator.

Cell Transfection

Cell transfection was performed according to
the manufacturer’s instruction of Lipofectamine
2000. Si-NC and si-UPK1B were purchased from
GenePharma (Shanghai, China). Briefly, cel-
Is were seeded into 6-well plates, and were then
transfected with si-NC or si-UPK1B when cell
confluence reached 70%.

Cell Counting Kit-8 (CCK-8) Assay

Transfected cells were collected and seeded
into 96-well plates at a dose of 2x10°/ml. 10 pL
of CCK-8 solution (Dojindo, Kumamoto, Japan)
was added into each well at 6 h, 24 h, 48 h and
72 h, respectively. The absorbance (OD) values at
the wavelength of 450 nm were detected with a
microplate reader.
Colony Formation Assay

Transfected cells were collected and seeded
into 6-well plates at a dose of 200/mL, followed
by culture in complete DMEM medium for 2 we-
eks. The medium was replaced 1 week later, and
was then replaced twice in the second week. 2 mL
4% paraformaldehyde was applied to fix the colo-
nies for 20 min, and 0.1% crystal violet solution
was added for 20-min staining. After washing
with phosphate-buffered saline (PBS) for 3 times,
the colonies were pictured in a light environment.

Transwell Assay

48 h after transfection, the cells were digested
with trypsin and re-suspended in serum-free me-
dium. The cell density was diluted to 2.0x10%/ml.
Transwell chambers with or without matrigel were
placed in 24-well plates, respectively. 200 pL of
cell suspension were added to the upper chamber,
and 500 pL of DMEM medium containing 10%
FBS were added to the lower chamber. After ino-
culation for 48 h, cells were then fixed with 4%
polyoxymethylene for 30 min at room temperature.
After fixation, the colonies were stained with cry-
stal violet for 15 min and washed with PBS twice.
The inner surface of the basement membrane was
carefully cleaned. The membranes were then dri-
ed, inverted, and mounted on microscope slides for
analysis. Five fields were randomly selected from
each well for cell counting.



Role of UPK1B in bladder cancer

Quantitative Real-Time Polymerase Chain
Reaction (gRT-PCR)

The mRNA of the cells was extracted by TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), and was
then reversely transcribed to cDNA by using the Pri-
mescript RT Reagent. QRT-PCR was performed ba-
sed on the instructions of SYBR"Premix Ex Taq™
and StepOne Plus Real-time PCR. Relative mRNA
expression was calculated by the 244 method. Pri-
mers used in this study were as follows: UPKI1B
(F: 5-CCAAAGACAACTCAACTGTTCGT-3’,
R: 5-AATGCCGCAACAACCAATAATC-3),
B-catenin (F: 5-GACCAGCTCTCTCTTCAGA-
ACAGA-3’, R: 5-GTTCTCCCTGGGCACCAA-
TA-3’); GAPDH (F: 5-AGCCACATCGCTCAGA-
CAC-3’, R: 5-GCCCAATACGACCAAATCC-3).

Western blot

The total proteins of transfected cells were ex-
tracted. The concentration of each protein sample
was determined by the bicinchoninic acid (BCA) kit
(Beyotime, Shanghai, China). Briefly, 50 pg of total
protein were separated by sodium dodecyl sulpha-
te-polyacrylamide gel electrophoresis (SDS-PA-
GE) under denaturing conditions and transferred
to polyvinylidene difluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). Subsequently,
the membranes were blocked with 5% skimmed
milk, followed by the incubation with specific pri-
mary antibodies (B-catenin, c-myc, cyclinD1 and
GAPDH) at 4°C overnight. The membranes were
then incubated with secondary antibodies (an-
ti-mouse and anti-rabbit) at room temperature for
1 h. Immuno-reactive bands were exposed by the
enhanced chemiluminescence method.

Statistical Analysis

Statistical Product and Service Solutions SPSS
22.0 Software (IBM, Armonk, NY, USA) were used
for all statistical analysis. Data were expressed as
mean + standard deviation (X £ SD). Comparison
of continuous variables was conducted by using
t-test. Classified variables were analyzed by using
chi-square test. Kaplan-Meier curve was applied
to assess the survival time and Log-rank test was
used to compare the differences between the curves.
p<0.05 was considered statistically significant.

Results

UPKIB Was Upregulated in BCa Tissues
and Cell Lines

We first detected the expression of UPKIB
in 92 pairs of BCa tissues and adjacent normal

tissues, as well as BCa cells by qRT-PCR. The
expression of UPKIB in BCa tissues was signifi-
cantly higher than that of adjacent normal tissues
(Figure 1A and 1B). Meanwhile, UPK1B was ove-
rexpressed in BCa cells compared with that of hu-
man normal urothelial cells (SV-HUC-1), and the
difference was statistically significant (p<0.05,
Figure 1C). Particularly, EJ and T-24 cells had the
highest UPK1B expression, which were then se-
lected for the following experiments.

UPK1B expression was correlated with
tumor stage, lymph node metastarsis,
distant metastasis and overall survival
of BCa patients

All the enrolled BCa patients were divided
into high expression group and low expression
group based on UPKI1B expression in BCa tis-
sues and adjacent normal tissues. The number
of cases in each group was counted. The rela-
tionship between UPKIB expression and age,
gender, tumor stage, lymph node metastasis and
distant metastasis in BCa patients was analyzed
by chi-square test. Our findings demonstrated
that UPK1B expression was positively correlated
with tumor stage, lymph node metastasis and di-
stant metastasis in BCa. However, there was no
correlation between UPK 1B expression and age,
gender as well as tumor location (Table I). In ad-
dition, follow-up data of 92 BCa patients were
collected for exploring the relationship between
UPKI1B expression and the prognosis of BCa.
The results of the Kaplan-Meier survival curves
showed that higher UPKI1B expression was si-
gnificantly associated with worse prognosis of
BCa (p<0.05, Figure 1D). These data all sugge-
sted that UPK1B might serve as a new biomarker
for predicting the prognosis of BCa.

Knockdown of UPKI1B inhibited
Cell Proliferation

To explore the effect of UPK1B on the prolife-
ration of BCa cells, we successfully constructed a
small interfering sequence of UPK 1B and related
negative control (si-UPKI1B and si-NC) (Figure
2A and 2B). The proliferation of EJ and T-24 cel-
Is transfected with si-UPK1B and si-NC was de-
tected by CCK-8 assay, respectively (Figure 2C
and 2D). The results illustrated that the prolifera-
tion rate of BCa cells transfected with si-UPK1B
was remarkably decreased when compared with
those transfected with si-NC. Meanwhile, colony
formation assay showed similar results (Figure
2E and 2F).
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Table I. Association of UPK1B expression with clinicopathologic characteristics of bladder cancer.

UPK1B expression High (%)
Parameters Number of cases Low (%) p-value
Age (years) 0.343
<60 40 24 16
>60 52 28 24
Gender 0.146
Male 45 29 16
Female 47 23 24
T stage 0.008
T1-T2 51 34 17
T3-T4 41 18 23
Lymph node metastasis 0.033
No 53 34 19
Yes 39 18 21
Distance metastasis 0.029
No 68 42 26
Yes 24 10 14

Knockdown of UPKI1B Inhibited
Cell Migration and Invasion

The effect of UPK1B on the migration and
invasion of BCa cells was detected by transwell
assay. The number of migrated EJ cells tran-
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sfected with si-UPK1B was remarkably lower
than that of the cells transfected with si-NC (Fi-
gure 3A and 3B). We obtained the same migra-
tion and invasion results in T-24 cells (Figure
3C and 3D), indicating that the migration ca-
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Figure 1. UPK1B was upregulated in BCa tissues and cell lines. 4-B, The expression of UPK1B in 92 pairs of BCa tissues was
significantly higher than that of adjacent normal tissues. C, Expression level of UPK1B in 4 BCa cell lines (EJ, T-24, 253j and
J82) and 1 normal bladder cell line (SV-HUC-1). D, Kaplan-Meier survival curves of BCa patients based on UPK 1B expression.
Patients in the high expression group had a worse prognosis than those in low expression group. A representative data set was

displayed as mean + SD values (¥*p<0.05, **p<0.01).
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Figure 3. Knockdown of UPK1B inhibited cell migration and invasion. A-B, EJ cells transfected with si-UPK1B displayed
significantly lower migration and invasion capacity. C-D, T-24 cell transfected with si-UPK1B displayed significantly lower
migration and invasion capacity. A representative data set was displayed as mean + SD values (*'p<0.05).

pacity of BCa cells was inhibited after UPK1B
knockdown (Figure 3).

Knockdown of UPK1B Changed
the Expression of the 3-catenin Signaling
Pathway

To analyze the underlying mechanism of
UPKIB in promoting the proliferation, inva-
sion and migration of BCa cells, we detected the
protein expression of key genes in the B-catenin
pathway after UPK1B knockdown by Western
blot. The results demonstrated that UPKIB
knockdown significantly decreased the protein
expression of f-catenin, c-myc and cyclinD1
(Figure 4A). To further clarify the relationship
between B-catenin and UPK 1B, we then detected
B-catenin expression in 92 pairs of BCa tissues
and adjacent normal tissues, as well as BCa cel-
Is by qRT-PCR and Western blot, respectively.
These data indicated that B-catenin expression
was significantly lower in BCa tissues than that
of adjacent normal tissues (p<0.05, Figure 4B).
Moreover, lower -catenin expression was found
in BCa cells when compared with SV-HUC-1
cells (p<0.05, Figure 4C).
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p-catenin Modulated UPKI1B Expression
in Human Bladder Cancer Cells

We further explored the interaction between
UPKI1B and B-catenin in BCa cells, and found
that UPK1B was upregulated after the B-catenin
knockdown in BCa cells. Therefore, we suggested
that B-catenin could regulate UPK1B in BCa cel-
Is. Lower B-catenin expression was found in BCa
cells when compared with SV-HUC-1 cells. Here,
we constructed a small interfering sequence of
B-catenin. The transfection efficacy of si-p-cat-
enin was verified by qRT-PCR and Western blot
respectively (Figure SA and 5B). The prolifera-
tion, invasion and migration of EJ and T-24 cells
co-transfected with si-UPKI1B and si-f-catenin
were significantly increased than those only tran-
sfected with si-UPKI1B, indicating that UPK1B
was regulated by B-catenin (Figure 5C and 5D).

Discussion
Globally, BCa is one of the most common ma-

lignant tumors in the urinary system. The inci-
dence of BCa is the consequence of intracellu-
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lar multi-molecular dysregulation®. At present,
molecular diagnosis and prognostic markers for
BCa have been well recognized™®. UPKI1B exer-
ts a crucial role in the development and progres-
sion of BCa, which may serve as a target for cli-
nical diagnosis. We believe that in-depth study
of UPKI1B associated with BCa can provide the
basis for the prediction, diagnosis and treatment
of BCa. In recent years, the incidence and mor-
tality rate of BCa in our country have gradually
risen. However, the early diagnosis rate of BCa
in China is very low. Most of BCa patients have
already developed to an advanced stage when first
diagnosed*’. It has been found that genetics, diet,
unhealthy lifestyle and precancerous lesions are
closely related to BCa development. Over 50% of
BCa patients have experienced micro-metastasis
before radical surgery, which is the direct cause of

A

EJ

postoperative metastasis and recurrence of BCa’8,
Recent studies have found that UPK1B participa-
tes in multiple diseases, including malignant tu-
mors>!®12, Therefore, we investigated the effect of
UPKI1B on BCa patients in this study, thus aiming
at improving the diagnosis and treatment of BCa.
In the present study, we first detected UPKI1B
expression in 92 pairs of BCa tissues and adjacent
normal tissues. The results showed that UPK1B
expression was significantly upregulated in BCa
tissues, which was positively correlated with tu-
mor stage, lymph node metastasis, distant meta-
stasis and poor prognosis of BCa. Therefore, we
speculated that UPK 1B might promote the occur-
rence and development of BCa. In vitro experi-
ments demonstrated that UPKIB knockdown
could inhibit the invasion and migration of BCa
cells, indicating that UPKIB could promote the
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Figure 4. Knockdown of UPK 1B changed the expression of the -catenin signaling pathway. 4, Knockdown of UPK 1B signi-
ficantly decreased the expression of molecules in the f-catenin signal pathway, including -catenin, c-myc and cyclinD1. B, C,
The mRNA expression level of B-catenin relative to GAPDH in human BCa tissues and corresponding adjacent tissues, as well
as cell lines were detected by using qRT-PCR. A representative data set was displayed as mean + SD values (“p<0.05, **p<0.01).
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Figure 5. B-catenin modulated UPK1B expression in human bladder cancer cells. 4, The expression of f-catenin in co-tran-
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sfected cell lines. C-D, The role of UPK B and B-catenin in the regulation of BCa cell migration and invasion were examined by
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development and progression of BCa. However,
the specific molecular mechanism of UPK1B was
not fully elucidated.

The Wnt/B-catenin signaling pathway is an im-
portant pathway in tumorigenesis'>!¢. Wnt protein
regulated by B-catenin binds to Frizzled and LRP
family receptors, thus transmitting the signal to
Dishevelled (Dsh). Activated Dsh, in turn, may
inhibit the activity of a complex that is composed
of Axin, APC and GSK-3B. Consequently, cyto-
plasmic B-catenin is accumulated and bound with
TCF/LEF, thereby regulating the expression of tar-
get genes'™'®. In the absence of the Wnt signaling
pathway, cytoplasmic B-catenin is phosphoryla-
ted by GSK-3p and subsequently ubiquitinated,
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which is eventually degraded by proteasomes.
Studies have confirmed that Wnt antagonists and
dominant negative mutants of TCF are capable of
blocking the Wnt signaling pathway'*?. It is re-
ported that activated Wnt/B-catenin pathway is
involved in various diseases'®?°. For example, em-
bryo line mutation of APC gene regulated by the
Wnt signaling pathway can lead to familial ade-
nomatous carcinomas®. The Notch signaling pa-
thway is believed to be related with Wnt protein®?.
In addition, the Wnt/B-catenin signaling pathway
is activated in most gastric cancers and promotes
the proliferation of gastric cancer”. Wnt-1 ove-
rexpression is associated with the proliferation,
progression and poor prognosis of non-small cell



Role of UPK1B in bladder cancer

lung cancer?. Besides, activated Wnt/B-catenin
signaling pathway is observed in over 90% of pa-
tients with colorectal cancer®. When the Wnt si-
gnaling pathway is activated, aggregated nuclear
B-catenin leads to the loss of epithelial structu-
re, which is significantly associated with tumor
invasion and metastasis®. Advanced researches
on the Wnt signaling pathway are beneficial for
the diagnosis and treatment of various tumors.
Hence, our study showed that UPK1B knockdown
remarkably decreased the expression of the key
genes in the Wnt/B-catenin signaling pathway,
including B-catenin, c-myc and cyclinD1 in BCa
cells, indicating that UPK1B could regulate BCa
via the Wnt/B-catenin signaling pathway.

Conclusions

We showed that UPKIB was upregulated in
BCa and significantly correlated with tumor sta-
ge, lymph node metastasis, distant metastasis and
poor prognosis of BCa. Moreover, UPK1B pro-
moted the proliferation, invasion and migration of
BCa via regulating the Wnt/B-catenin signaling
pathway.
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