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ARTICLE INFO ABSTRACT

Keywords: Background: Bladder cancer is common malignant tumor around the world. Ras-association domain family 1
Bladder cancer (RASSF1A) gene is inactivated in most of cancers. The aim of the study is to analyze the relationship between
RASSF1A RASSF1A and the progression of bladder and investigate the effects of RASSF1A overexpression on bladder
Migration cancer cell in vitro.

K‘;j;z;s Materials and methods: Immunohistochemistry assay analyzed the RASSF1A expression in bladder tissue of

bladder cancer patients. Besides, the data of 138 bladder cancer patients about RASSF1A expression was ana-
lyzed. Kaplan-Meier method analyzed the connection between disease free survival (DFS) and abnormal ex-
pression of RASSF1A and E-cadherin in bladder cancer patients. RASSF1A gene transfected the bladder cancer
cells by lipofectamine. Cell proliferation was determined by methyl thiazolyl tetrazolium (MTT) assay. Cell
apoptosis and cell cycle was detected using flow cytometry. Scratch assay evaluated cell migration, and transwell
assay evaluated cell invasion. Western blot analyzed protein expression while gqRT-PCR analyzed mRNA ex-
pression.

Results: Bladder cancer tissues had lower RASSF1A expression compared with normal tissues, and the Patients
with abnormal expression of RASSF1A had lower DFS and had higher possibility of recurrence and muscular
layer infiltration. Besides, RASSF1A had significant difference with E-cadherin. RASSF1A overexpression in-
hibited the bladder cancer cell proliferation, migration and invasion, besides, it promoted apoptosis and the

expression of E-cadherin and f-catenin.
Conclusion: RASSF1A may be a biomarker to evaluate the progression and recurrence of bladder cancer.

1. Introduction

Bladder cancer is one of the most common genitourinary malignant
tumor in the world, and 69000 persons were diagnosed cases in 2008,
and 14000 deaths because of the disease in the USA [1]. Carcinoma
takes place in urothelium of bladder, and the disease is named of ur-
othelial bladder cancer (UBC) [2], and Maximilian Burger et al. re-
ported that approximately 180500 persons were diagnosed with UBC
and 55200 patients died from UBC [3]. Risk factors can be considered
to develop bladder cancer, and risk factors are classified into three main
categories, such as genetic and molecular factors, chemical and en-
vironmental factors and chronic irritation [4]. Smocking is regarded as
a risk factor for UBC [5], and N-acetyl transferase enzymes (NAT1,
NAT2) are related to activation of UBC [6], and the frequency of acti-
vating FGFR3 mutation is higher in UBS [7]. Besides, Ki-67 and p53 are

promised to be biomarker to predict the progression of bladder cancer
[8].

In 1973, histopathological grade of metastatic bladder cancer was
classified into grade 1-3 [9], and the grade was classified into four
grades until 1998, such as papilloma, papilloma of low malignant po-
tential, low grade bladder cancer and high grade bladder cancer [10].
Radical cystectomy for bladder cancer ensured a low recurrence rate
and 56% probability of survival time although it brings a high per-
centage of metastase [11]. Radiation therapy in combination with
chemotherapy for bladder cancer promotes that 52% patients have 5-
year overall survival [12]. In the proximate dozen years, MPDL3280A
(anti-PD-L1) was investigated in clinical trial [13]. Besides, durvalumab
(MEDI4736) has been demonstrated that it has manageable safety and
meaningful clinical activity for UBC patients who have PD-L1 positive
[14].
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List of abbreviations

RASSF1A Ras-association domain family 1

DFS disease free survival

MTT methyl thiazolyl tetrazolium
UBC urothelial bladder cancer
DAB diaminobenzidine

PBS Phosphate buffered saline

FBS fetal bovine serum

DMSO  Dimethylsulfoxide

qRT-PCR Quantitative reverse transcription-polymerase chain reac-
tion

SD Standard deviation

Cellular signaling pathway about regulation of cell survival depends
on Ras GTPases, and Ras-association domain family 1 (RASSF1A) gene
is located in chromosomal segment of 3p21.3 [15]. RASSF1A is in-
activated in most of cancer, including breast cancer, kidney cancer and
thyroid cancer [15]. Recent studies supported that RASSF1A activated
autophagy [16] and promoted Hippo pathway and pS127-YAP [17]. In
our study, we firstly found that bladder cancer patients had lower ex-
pression of RASSF1A, and then we analyzed the relationship between
RASSF1A and bladder cancer progression by database of patients, and
in order to verify the relationship, we investigated that effects of
RASSF1A overexpression on proliferation and characteristic of bladder
cancer cell in vitro.

2. Materials and methods
2.1. Clinical data analysis

The data of 138 bladder cancer patients were registered using da-
tabase of Shengjing Hospital of China Medical University, and the data
about the patients were from February, 2007 to October, 2017. In the
study, all patients underwent radical cystectomy or transurethral re-
section of bladder tumor. The patients signed the informed consent
form before study beginning, and the process of study was approved by
ethics committees and health authorities of Shengjing Hospital of China
Medical University. Correlation between the demographic variable and
the abnormal expression of RASSF1A and E-cadherin were analyzed by
student's t-test in Table 2. Besides, correlation between RASSF1A ab-
normal expression and E-cadherin was analyzed by nonlinear regres-
sion and student's t-test in Table 1. All patients were followed up for
102 months, with a median follow-up of 22 months. Kaplan-Meier
method analyzed the relationship between disease free survival (DFS)
and abnormal expression and censor of RASSF1A and E-cadherin in
bladder cancer patients.

2.2. Immunohistochemistry assay and cell transfection

Normal tissue samples were obtained 2 cm from the edge of lesion
from patients with bladder cancer, bladder cancer tissues or normal
tissues were made into sections by fix, dehydration and paraffin em-
bedding. E-cadherin antibody (ab40772, Abcam, Cambridge,
Massachusetts, USA) solution or RASST1A antibody (ab97749, Abcam,
Cambridge, Massachusetts, USA) solution incubated the sections at 4 °C
overnight. The secondary antibody solution (ab7090, Abcam,
Cambridge, Massachusetts, USA) incubated the sections for 1hat the
room temperature. 100 puL. diaminobenzidine (DAB) solution (Solarbio,
Beijing, China) added the sections. Hematoxylin solution (Solarbio,
Beijing, China) stained the sections until the cell nucleus were blue. The
sections were observed by fluorescence microscope (Olympus, Tokyo,
Japan).

The bladder urothelial cancer cell lines (KK47 and T24) were ob-
tained from Southern Medical University (Guangzhou, Guangdong,
China). The cells were seeded at 35mm plate, and 4%
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paraformaldehyde solution (Solarbio, Beijing, China) fixed the cells,
and RASST1A antibody (ab97749, Abcam, Cambridge, Massachusetts,
USA) added the cells at 4°C overnight, and secondary antibody
(ab7088, Abcam, Cambridge, Massachusetts, USA) solution incubated
the cells for 2h. 10 ug/mL DAPI solution (Solarbio, Beijing, China)
stained the cells for 15 min. Phosphate buffered saline (PBS) (Gibco,
Carlsbad, California, USA) washed the cells, and the cells were observed
under fluorescence microscope (Olympus, Tokyo, Japan).

RASSF1A gene was synthesized by MBL (Beijing, China).
Lipofectamine (Invitrogen, Carlsbad, California, USA) was dissolved in
RPMI 1640 medium (Gibco, Carlsbad, California, USA), and the
RASSF1A gene was added into the mixed solution. The solution treated
the cells for 3 h, then the complete medium (RPMI 1640 medium sup-
plemented with 10% fetal bovine serum (FBS) and 1% 10000 units/mL
penicilin-10000 ug/mL streptomycin) (Gibco, Carlsbad, California,
USA) cultured the cells for 48 h or 72 h.

2.3. Methyl thiazolyl tetrazolium (MTT) assay

MTT assay evaluated the cell viability. After the cells were treated
reagents, the cells were treated MTT solution (Solarbio, Beijing, China)
for 2-3h in dark room at 37 °C. 100 uL. Dimethylsulfoxide (DMSO)
(Solarbio, Beijing, China) added into hole and incubated the cells for
15 min in dark room at 37 °C. Multiskan (Thermo Scientific, Waltham,
Massachusetts, USA) tested the absorbance ratio at a wavelength of
570 nm.

2.4. Cell apoptosis and cell cycle

After the cells were treated reagents for 48 h, all cells were digested
with trypsin-EDTA (0.25%) (Gibco, Carlsbad, California, USA) and re-
suspended with PBS (Gibco, Carlsbad, California, USA). Cell Apoptosis
Kit with Annexin V FITC and PI detected the apoptosis using flow cy-
tometry (Invitrogen, Carlsbad, California, USA). The experimental
manipulation followed the manual. Vybrant DyeCycle (Invitrogen,
Carlsbad, California, USA) treated the cell, and the manipulation
complied with manual, and flow cytometry measured the cell cycle.

Table 1
The correlation between RASSF1A and E-cadherin.
RASSF1A
Abnormal Normal Correlation P
expression expression index
E-cadherin
Abnormal 64 11 0.738 0.000
expression
Normal expression 15 48
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Table 2
Demographic variable and abnormal expression of RASSF1A and E-cadherin
among patients with bladder cancer.

n Abnormal P Abnormal P
expression of expression of E-
RASSF1A cadherin
Age (years)
=60 64 34(53.13%) 0.363  30(46.88%) 0.454
> 60 74  45(60.81%) 34(45.95%)
Sex
Male 83  46(55.42%) 0.595  36(43.37%) 0.385
Female 55 33(60.00%) 28(50.91%)
Degree of differentiation
Middle and 75  36(48.00%) 0.017 31(41.33%) 0.195
higher
lower 63 43(68.25%) 33(52.38%)
Recurrence
No 59 26(44.07%) 0.007  23(38.98%) 0.132
Yes 79 53(67.09%) 41(51.90%)
Muscular layer infiltration
No 65  31(47.69%) 0.032  20(30.77%) 0.001
Yes 73 48(65.75%) 44(60.27%)

2.5. Scratch assay

After the cells were treated with reagents for 48 h, the living cells
were digested with trypsin-EDTA (0.25%) (Gibco, Carlsbad, California,
USA) and resuspended with complete medium (Gibco, Carlsbad,
California, USA). The living cells were planted in 35 mm plate (Corning,
Corning, New York, USA) for 24h, and 200 uL pipette tips (Sigma-
Aldrich, St. Louis, Missouri, USA) scratched the cells, and PBS softly
washed the cells for three times, and complete medium contained 2%
FBS cultured the cells for 12h. The scratches were observed by mi-
croscope (Olympus, Tokyo, Japan).

2.6. Transwell assay

Cells were treated with reagents for 48 h, the living cells were di-
gested with trypsin-EDTA (0.25%) (Gibco, Carlsbad, California, USA)
and resuspended with complete medium contained 1% FBS (Gibco,
Carlsbad, California, USA). Matrigel (Sigma-Aldrich, St. Louis, Missouri,
USA) was diluted with RPMI 1640 medium, and the diluted solution
added into top room of transwell (Corning, Corning, New York, USA),
and the transwell was incubated in 37 °C incubator (Thermo Scientific,
Waltham, Massachusetts, USA). Complete medium contained 20% FBS
was added into bottom room of transwell. The cells solution was added
into top room of transwell, and the incubator incubated this transwell
for 12h. Crystal violet solution (Solarbio, Beijing, China) stained the
bottom cells after detachment of top cells. The invasion cells were ob-
served under microscope (Olympus, Tokyo, Japan).

Table 3
Primers and primary antibodies.
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2.7. Quantitative reverse transcription-polymerase chain reaction (qRT-
PCR)

RNAs were collected from the cells with Trizol reagents (Invitrogen,
Carlsbad, California, USA) in centrifuge at 4°C 16000 rad/min for
15min c¢DNA kit (Thermo Scientific, Waltham, Massachusetts, USA)
synthesized cDNA with RNAs, and the experimental action complied
with manual. Amplification of RNA can be realized by ¢cDNA using
polymerase chain reaction. The primers (Table 3) were used in poly-
merase chain reaction and synthesized by Gene Create (Wuhan, Hubei,
China), and the conditions included 95 °C for 90 s, 45 cycles of 95 °C for
40s, 60 °C for 30s and 72 °C for 15s, and final extension at 72 °C for

90s. The relative expression of mRNA gene was estimated using 2°¢
ANACH

2.8. Western blot

Protein was extracted from cells using lysis buffer (Thermo
Scientific, Waltham, Massachusetts, USA), and the extract was cen-
trifugalized by centrifuge (Cence, Changsha, Hunan, China) at 4°C
12000 rad/min for 16 min, and supernatant was protein. BCA kit
(Thermo Scientific, Waltham, Massachusetts, USA) confirmed the pro-
tein concentration, and the experimental manipulate was realized in
agreement with the manual. Prestained protein ladder (Thermo
Scientific, Waltham, Massachusetts, USA) and sample protein were se-
parated by SDS-PAGE according to molecular size. The proteins were
transferred to PVDF membranes (Sigma-Aldrich, St. Louis, Missouri,
USA). 5% milk solution blocked the blank site of PVDF membranes
attached the protein. Primary antibody (Table 3) solution incubated the
protein membranes at 4°C for 12h, and the primary antibody (anti-
RASSF1A, ab97749; anti-E-cadherin, ab40772; anti-B-catenin,
ab32572; anti-B-actin, ab8226) was diluted in TBST solution contained
Tween-20 (Solarbio, Beijing, China), and the dilute ratio was complied
with manual. Secondary antibody (goat anti-rabbit IgG H&L (HRP),
ab205718, Abcam, Cambridge, Massachusetts, USA) incubated the
protein membranes for 2-3 h at 25 °C after the protein membranes were
washed with TBST solution. ECL kit (Sigma-Aldrich, St. Louis, Missouri,
USA) colored the protein membranes at dark room, and the film re-
vealed the stain, and the Image J software (National Institutes of
Health, USA) analyzed the stains.

2.9. Statistical analysis

All experiments were realized independently at least three times.
Values were regarded as Mean + Standard deviation (SD) except pa-
tient data. Kaplan-Meier method analyzed the expression of RASSF1A
and E-cadherin in patients during survival time. Student's t-test ana-
lyzed the data, and the significant different between two groups was
analyzed by one way of ANOVA with Tukey's test using SPSS (IBM,
Armonk, NewYork, USA). p value is less than 0.05, which regard as
statistical significance.

Name Forward of primer (5’-3") Reverse of primer (5’-3') Weight of Item number of Manufacturer of antibody
antibody antibody

RASSFIA TCCTGCAAGGAGGGTGGCTTC GGCTGGGAACCCGCGGTG 39kDa ab97749 Abcam, Cambridge, Massachusetts,

E-cadherin  GGTAGGTGAATTTTTAGTTAATTAGTGGTA ACCCATAACTAACCAAAAACACCA 97kDa ab40772 USA

B-catenin  AACTAAACAGGAAGGGATGGA GCACAAGAGCCTCTATACCA 37kDa ab32572

B-actin CACACCTTCTACAATGAGCTG GTCTCAAACATGATCTGGGTC 42kDa ab8227
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Fig. 1. Time to confired worsening event, and the expression of RASSF1A and E-cadherin in bladder cancer tissues. (A, B) Inmunohistochemistry assay
analyzed the RASSF1A expression in normal bladder tissue and bladder tissue of bladder cancer patients. (C, D) Kaplan-Meier method analyzed the data of bladder
cancer patients with the relationship between disease free survival (DFS) and abnormal expression and censor of RASSF1A and E-cadherin. 1, 2 and 3 represent the

bladder tissue of bladder cancer patients.

3. Results
3.1. Expression of RASSF1A and E-cadherin in bladder cancer patients

Normal bladder tissue had higher RASSF1A expression, and the bladder
cancer tissue had lower RASSF1A expression or had not RASSF1A ex-
pression (Fig. 1A-B) in cytosol. Besides, bladder cancer tissue had lower E-
cadherin expression or had not E-cadherin expression (Fig. 1B) in cytosol.
Patients with abnormal expression of RASSF1A had lower DFS (Fig. 1C).
Besides, patients with abnormal expression of RASSF1A and E-cadherin

66

also had lowest DFS (Fig. 1D). The relationship between RASSF1A ab-
normal expression and E-cadherin abnormal expression was relevant
(Table 1). Abnormal expression of RASSF1A was associated with tumor
degree of differentiation, recurrent and muscular layer infiltration
(P < 0.05), but not with age or gender; Bladder cancer patients with both
of RASSF1A abnormal expression and E-cadherin abnormal expression had
great chance to have recurrence and muscular layer infiltration (Table 2).
Next, we investigated whether RASSF1A overexpression had an effect on
characteristic of bladder cancer cell in vitro.
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A Fig. 2. RASSF1A gene transfects the bladder
RASSFIA DAPI Merge cancer cell and causes the RASSF1A over-
expression. RASSF1A gene transfected the bladder
cancer cells for 48 h. (A) Immunohistochemistry
KKa7 assay analyzed RASSF1A protein expression. (B, C)
Western blot determined the RASSF1A protein ex-
pression. (D) qRT-PCR evaluated the RASSF1A mRNA
expression. Values were regarded as
Mean = Standard deviation (SD), and one-way
ANOVA with Turkey's test analyzed the significant
T24 different (* vs Ctrl group, # vs Vector group;
** = ## = p < 0.01). KK47 and T24 are bladder
cancer lines.
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3.2. RASSF1A overexpression inhibited proliferation and increased
apoptosis in bladder cancer cells

The expression of RASSF1A was low in bladder cancer cells (KK47
and T24), and RASSF1A expression in RASSF1A group was significantly
higher than that in control and vector group (Fig. 2A-D), indicating that
RASSF1A was successfully transfected. Overexpression of RASSF1A
inhibited bladder cancer cell viability (Fig. 3A-B), and promoted
bladder cancer cells apoptosis (Fig. 3D). We found that increased G1
phase cells and decreased S phase cells took placed in bladder cancer
cells expressed higher RASSF1A, which supported that RASSF1A over-
expression promoted cell cycle G1 phase arrest, leading to inhibition of
transition from G1 phase to S phase during bladder cancer cells cycle
(Fig. 3C).

3.3. RASSF1A overexpression inhibited bladder cancer cells migration and
invasion

Normal bladder cancer cell had higher ability of migration, and
overexpression of RASSF1A inhibited ability of migration by a wide
margin (Fig. 4A). Besides, overexpression of RASSF1A decreased the
number of invasion cell, which suggested that RASSF1A overexpression
inhibited invasion of bladder cancer cells (Fig. 4B).

3.4. RASSF1A overexpression promoted the expression of E-cadherin and f3-
catenin in bladder cancer cells

Bladder cancer cells expressing higher RASSF1A had high expres-
sion of E-cadherin and p-catenin, which showed that RASSF1A over-
expression promoted expression of E-cadherin and B-catenin in bladder
cancer cells (Fig. 5).

4. Discussion

In analysis of clinical data, we supported that over 50% bladder
patients had abnormal expression of RASSF1A (Table 2). There was

67

significant difference between abnormal expression of RASSF1A and E-
cadherin (Table 1). Besides, abnormal expression of RASSF1A and E-
cadherin was associated with progression of bladder cancer, including
differentiation, recurrence, and muscular layer infiltration (Table 2).
The results of Kaplan-Meier analysis indicated that bladder cancer with
abnormal expression of RASSF1A and E-cadherin had lower DFS, which
revealed that abnormal expression of RASSF1A and E-cadherin had
effect on progression of bladder cancer (Fig. 1C-D). Moreover, we found
that bladder cancer patients normally had lower RASSF1A expression.
In following experiment, we investigated whether RASSF1A over-
expression had influence on bladder cancer cell in vitro.

Apoptosis, cell death program, is encoded by gene and characterized
by morphologic and biochemical changes [18]. Approximately 50-70
billion cells died because of apoptosis in adult every day [19]. However,
potential oncogenic proliferative signals inhibit normal process of
apoptosis and promote continued proliferation, survival and invasion
[20]. Besides, there are gene mutations in the process of abnormal cell
proliferation, such as RTKs, G-protein signal transducers and late-G1
cell-cycle checkpoint [20,21]. CDK protein family regulate cell cycle
from G1 phase to S phase, and the CDK activity is controlled by CIP/KIP
(CDK inhibitor) included p21, and p53 is a major transcriptional reg-
ulator of p21, and p21 regulates cancer cell apoptosis [22-24]. There-
fore, cell cycle is associated with cell apoptosis. RASSF1A over-
expression inhibited bladder cancer proliferation and apoptosis (Fig. 3).
Besides, RASSF1A overexpression arrested transition from G1 phase to
S phase (Fig. 3).

Cancer metastasis is an important progression of cancer and de-
creases cancer patient survival rates [25]. The process of cancer inva-
sion and metastasis needs several sequential distinct steps, including
adhesion to extracellular matrix (ECM), degradation of ECM and in-
vasion/migration through ECM [26,27]. There are two mechanisms of
cancer cell metastasis, such as passive dissemination and hematogenous
metastasis. Passive dissemination is characterized by detachment from
primary tumor through peritoneal fluid and ascites, and hematogenous
metastasis is characterized by detachment from primary tumor through
blood vessels [25]. Anyway, the invasive cancer cells firstly change cell
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Fig. 3. RASSF1A overexpression inhibits proliferation and promoted apoptosis in bladder cancer cells. Methyl thiazolyl tetrazolium (MTT) assay determined
the proliferation of KK47 (A) and T24 (B) using Multiskan at a wavelength of 570 nm RASSF1A gene transfected the bladder cancer cells for 48 h. (C) Vybrant
DyeCycle added into the cells, and flow cytometry measured the cell cycle. (D) Cell Apoptosis Kit determined the apoptosis using flow cytometry. Values were
regarded as Mean =+ Standard deviation (SD), and one-way ANOVA with Turkey's test analyzed the significant different (* vs Ctrl group, # vs Vector group;
*=#=p < 005, ** = ## = p < 0.01). KK47 and T24 are bladder cancer lines.
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Fig. 4. RASSF1A overexpression inhibits migration and invasion of bladde cancer cells. RASSF1A gene transfected the bladder cancer cells for 48 h. (A) Scratch
assay analyzed the ability of bladder cancer cell migration. (B) Transwell assay determined the ability of bladder cancer cell invasion. Values were regarded as

Mean =+
** = ## = p < 0.01). KK47 and T24 are bladder cancer lines.

adhesion to ECM, and the cadherin protein family plays a major role in
regulation of cell adherin [28,29]. Downregulation of E-cadherin has
been demonstrated to benefit cancer cell metastasis, and cadherin fa-
mily is regarded as cell adhesion receptors [30]. Besides, B-catenin links
cadherin family to support cell cytoskeleton [31]. Therefore, down-
regulation of 3-catenin promotes cancer metastasis [32]. Scratch assay
and transwell assay are used to evaluate the ability of cancer cell mi-
gration and invasion in vitro [33,34]. In our study, we demonstrated
that overexpression of RASSF1A inhibited migration and invasion of
bladder cancer cell (Fig. 4) and increased the expression of E-cadherin
and B-catenin.

5. Conclusions

In conclusion, we found that bladder cancer patients had abnormal
expression of RASSF1A and E-cadherin, and abnormal expression of
RASSF1A and E-cadherin were associated with differentiation, recur-
rence, and muscular layer infiltration of bladder cancer. Besides,
overexpression of RASSF1A decreased the bladder cancer cell pro-
liferation and inhibited migration and invasion of bladder cancer cell by
regulating expression of E-cadherin and B-catenin. The conclusion
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Standard deviation (SD), and one-way ANOVA with Turkey's test analyzed the significant different (* vs Ctrl group, # vs Vector group;

suggested that RASSF1A may be a biomarker to predict the progression
and recurrence of bladder cancer.
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Fig. 5. RASSF1A overexpression promotes the expression of E-cadherin and f-catenin in bladder cancer cells. RASSF1A gene transfected the bladder cancer
cells for 48 h. Western blot analyzed the protein levels of E-cadherin (A, B) and B-catenin (A, C). qRT-PCR determined the mRNA expression of E-cadherin (D) and (3-

catenin (E). KK47 and T24 are bladder cancer lines. Values were regarded as Mean
significant different (* vs Ctrl group, # vs Vector group; **
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