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Purpose: GRHL?2 played important roles in different cancers. In this study, we aimed to
investigate the roles of GRHL2 in bladder cancer.

Methods: The immunohistochemistry assay was performed to detect the expression of
GRHL2 in bladder cancer tissues and adjacent noncancerous tissues and the expression
levels of GRHL2 and zinc finger E-box binding homeobox (ZEB1) mRNA in tissues were
determined by qRT-PCR. In addition, qRT-PCR and Western blotting were applied to detect
the expression levels of GRHL2 and ZEB1 in bladder cancer cell lines (RT4, BIU-87, 5637,
T24) and immortalized human bladder epithelial cell line (SV-HUC-1). The cell models with
up-regulated and down-regulated expression of GRHL2 were constructed using bladder
cancer cell lines T24 and 5637 to investigate the underlying roles of GRHL2 on the
proliferation, migration, invasion and EMT process of bladder cancer cells. After that, cell
proliferation was evaluated by CCKS8 assay, cell cycle assay and colony formation assay.
Transwell assay and wound healing assay were performed to determine the invasion and
migration ability of the bladder cancer cells. The expressions of epithelial-mesenchymal
transition (EMT) related proteins (E-cadherin, Vimentin, Slug and Snail) were assessed by
Western blot analysis. Moreover, ZEB1 and GRHL2 were co-transfected into T24 and 5637
cells and their effects on EMT process and invasive capacity of cells were examined.
Results: The expression of GRHL2 was down-regulated in bladder cancer tissues and
human bladder cancer cell lines compared with the normal bladder tissues and immortalized
human bladder epithelial cell line. Besides, down-regulation of GRHL2 improved the pro-
liferation ability of bladder cancer cells and promoted the EMT process through up-
regulation of ZEB1. The overexpression of ZEB1 partially reversed the inhibitory effect of
GRHL2 on EMT.

Conclusion: GRHL?2 acts as an anti-oncogene to regulate bladder cancer cell proliferation
and inhibit EMT by targeting ZEB1. This study may provide a theoretical basis for further
research.
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Introduction

Bladder cancer has been reported as the ninth most frequent form of cancer
worldwide with estimated 2.7 million people currently suffering from it." Bladder
cancer is highly varied and the two major types of bladder cancer are muscle-
invasive and non-muscle invasive bladder cancers. Moreover, a latest survey has

shown that nearly 75% patients suffer from non-muscle invasive tumor whereas
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15-20% of patients progress to muscle invasive tumor
despite having the intravesical therapy.

Tumor metastasis includes a series of cascade reac-
tions. Firstly, the tumor cells dispatch from the primary
tumor tissue and then invaded into surrounding tissues.
After that, the tumor cells enter the blood vessels for
dissemination and finally extravasate into other organs.’
The initial of metastasis is the process of epithelial-
mesenchymal transition (EMT), which regulates the trans-
formation of polarized epithelial cells to highly aggressive
and transitive mesenchymal cells for preparation of cell
migration and invasion.’

In human, there are three Grainyhead homolog genes
have been identified, known as Grainyhead-like 1-3
(GRHL1-GRHL3).* As an epithelium-specific mammalian
homolog of Drosophila Grainyhead, GRHL2 expresses in
epithelial cells and regulates epidermal development.™® It
has been suggested that GRHL2 can regulate EMT and its
regulatory roles varies in different types of cancers. For
example, in breast cancer, overexpressed GRHL2 has been
reported to induce resistance against apoptosis through
regulating death receptor ligands.” In contrast, GRHL2 is
suggested to act as a tumor suppressor in gastric and
colorectal cancer cells.®*® The debatable results indicate
that GRHL2 might have tumor-specific roles in depen-
dence of different types of cancer through regulating dif-
ferent targets.' Besides that, the zinc finger E-box binding
homeobox 1 and 2 (ZEB1 and ZEB2), which act as tran-
scription factors, are also pivotal in activation of EMT."!
Both of them are known as the major target genes of
GRHL2.'*"* In addition, it has been proved that GRHL2
inhibits the expression of ZEBI by directly binding to
ZEB1 promoter.

Although many evidences have proved that GRHL2
plays an important role in proliferation and metastasis of
tumor,m’15 how it affects EMT in bladder cancer cells
remains unclear. In this study, we aimed to find the under-
lying regulatory mechanism of GRHL2 in bladder cancer
cells and to verify the roles of GRHL2 in EMT process by
targeting ZEB1.

Materials and Methods

Clinical Specimens

Fresh bladder cancer tissues were collected from 60
patients (48 males and 12 females, 42-75 years old)
hospitalized in the department of urology of Zoucheng
People’s Hospital from June 2017 to January 2019. The

patients were newly diagnosed with bladder cancer and
had not received any chemoradiotherapy before surgery
and tissue collection. Non-tumor tissues from each
patient were obtained not less than 3 cm away from the
edge of tumor tissue and served as the control group.
The pathological specimens were classified according to
the TNM criteria of Union for International Cancer
Control (UICC) unites. There are 21 cases in stage T1,
15 cases in stage T2, 14 cases in stage T3, and 10 cases
in stage T4, respectively. Consent was signed and
obtained from all participating patients and the meth-
odologies of this study was approved by the Ethics
Committee of Zoucheng People’s Hospital and followed
the Declaration of Helsinki.

Immunohistochemistry

The expression of GRHL2 in bladder tissues was eval-
uated by immunohistochemistry assay. In brief, the fresh
bladder cancer tissues and the adjacent normal tissues
were fixed in 10% natural formalin, embedded in paraf-
fin and sliced into sections of 5 um in thickness. After
dewaxing and antigen retrieval, the paraffin-embedded
tissue sections were incubated with rabbit anti-Human
GRHL?2 primary antibody (1:1000, abcam, Cambridge,
MA, USA) at 4°C overnight according to manufacturer’s
protocols. Sections were then washed and incubated with
horseradish peroxidase-conjugated goat anti-rabbit sec-
ondary antibody (1:200, abcam, Cambridge, MA, USA)
for 2 h at room temperature. Diaminobenzidine (DAB)
plus kit (TTANGEN, Beijing, China) was used for visua-
lization. Hematoxylin (BOSTER, Wuhan, China) was
then applied for counter-staining. The intensity of DAB
immunostaining was quantified using Image J software
(NIH, Bethesda, MD).

Cell Culture and Treatment

Human immortalized bladder epithelial cell line (SV-HUC
-1) and human bladder cancer cell lines (RT4, BIU-87, 5637,
T24) were purchased from Bangjing industrial co. LTD
(Shanghai, China) and Cell Resource Center of the
Shanghai Institutes for Biological Sciences of the Chinese
Academy of Sciences (Shanghai, China), respectively. All
these cells were cultured in Roswell Park Memorial Institute
(RPMI) 1640 media (Gibco, New York, USA) containing
heat-inactivated fetal bovine serum (FBS, 10%, Gibco,
New York, USA) at 37°C, 95%RH with 5% CO,.
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Western Blot Analysis

The total proteins were firstly extracted by 100 pL lysis
buffer (pierce, Rockford, IL). After that, 20 pL of protein
sample was added into each column and then isolated by
SDS-PAGE (Biomed, Beijing, China). Proteins were then
transferred to the polyvinylidene fluoride membranes and
blocked by 5% skimmed milk in TBST (BD, New Jersey,
USA). The membranes were then incubated with primary
antibodies against GRHL2 (GeneTex, 1:500); ZEBI1
(Proteintech, 1:500); E-cadherin (Beyotime, 1:1000);
Vimentin (Beyotime, 1:500); Snail (ab53519, Abcam,
1:1000); Slug (ab180714, Abcam, 1:500); GAPDH
(Beyotime, 1:1000) at 4°C overnight. Then the horseradish
peroxidase labeled secondary antibodies were applied with
incubation for 1 h at room temperature the next day. Band
intensities were normalized to GAPDH and analyzed by
Image J software (NIH, Bethesda, MD).

Quantitative RT-PCR

Quantitative RT-PCR was performed to analyze the expression
level of GRHL2 and ZEB1 in different cell lines. Firstly, Trizol
reagent (Invitrogen, Shanghai, China) was used to extract total
RNAs. The extracted RNAs were then reverse transcribed into
cDNA. Quantitative RT-PCR was conducted according to the
manufacturer’s instructions. Primers of GRHL2 and ZEB1
were listed as follows: GRHL2 forward primer: 5'-
GGAAATCTAGCCCTGGGTTTG-3', reverse primer: 5'-
TCAGGGAGGAACGCACTGA-3". ZEB1 forward primer:
5-ACTCTGATTCTACACCGC-3', reverse primer: 5'-
TGTCACATTGATAGGGCTT-3'. To standardize the expres-
sion of GRHL2, GAPDH was used as an internal control and
amplified by qRT-PCR with the following primers: forward
primer: 5- AAGGTGAAGGTCGGAGTCAAC-3', reverse
primer: 5-GGGGTCATTGATGGCAACAATA-3'. The com-
parative Cr method was used for determination of relative

expression levels.

Knockdown of GRHL2

Two small interfering RNAs (siRNAs, siRNAI and
siRNA2, Genepharma, Shanghai, China) were used for
knockdown of GRHL2 with the mock vehicle serving as
the control group (control siRNA, Genepharma, Shanghai,
China). They were transfected into T24 and 5637 bladder
2000 (Invitrogen,
California, USA) based on the manufacturer’s instructions.
48h later, qRT-PCR and Western blotting were conducted

cancer cells by Lipofectamine

to detect the relative expression level of GRHL2 in trans-
fected cells.

Overexpression of GRHL2/ZEBI

For buildup of GRHL2 overexpression model, the lentiviral
vector expressing GRHL2 (pLVX-GRHL2 -EGFP-3FLAG-
Puro) was constructed by cloning the GRHL2 gene into the
pLVX-EGFP-3FLAG-Puro vector (Genepharma, Shanghai,
China) and then the vectors were transfected into T24 and
5637 bladder cancer cells. The empty vector was also trans-
fected into the cells to serve as the control group. After 48
h incubation, the transfection efficiency was determined by
Western blotting. To set up the ZEB1 overexpression model,
the bladder cancer cell lines were transfected with lentiviral
vector expressing ZEB1 (pLVX-GRHL2 -ERFP-3FLAG-
Puro). The empty vector was also transfected into the cells
to serve as the control group. To construct cells that over-
expressing GRHL?2 and ZEBI, the blabber cancer cells were
co-transfected with lentiviral vector expressing GRHL2
(pLVX-GRHL2-EGFP-3FLAG-Puro) and ZEB1 (pLVX-
GRHL2-ERFP-3FLAG-Puro). After 48 h transfection, the
cells were collected for analysis.

CCK8 Assay

In this study, the Cell Count Proliferation (CCKS) assay
(Glpbio, Montclair, USA) was performed to detect cell
viability. Briefly, the treated cells were inoculated into
a 96-well plate and incubated with 10 uL. CCK-8 solution
at room temperature. The absorbance at different time
points (24, 48, 72, 96 h) were recorded at 450nm using
a microplate reader (Bio-Tek Instruments, Thermo Fisher
Scientific, USA).

Colony Formation Assay

T24 and 5637 bladder cancer cells in logarithmic phase
were digested by 0.25% trypsin (Thermo Fisher Scientific)
and were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FBS, and then seeded in
a culture dish preheated to 37°C (density: 1000 cells/dish)
with 10 mL DMEM. After incubation at 37°C with 5%
CO, for 2-3 weeks, visible colonies were fixed with 5%
paraformaldehyde (Sigma-Aldrich) and then stained by
0.1% crystal violet (Sigma-Aldrich) for 30 min. After
being washed with 10% PBS three times and air-dried,
the clones were observed and captured by microscopy
(low magnification), and colony-formation rate was calcu-
lated subsequently. Colony-formation rate = (number of
cloning/number of inoculated cells)*100%.
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Flow Cytometry

The cell cycle was determined by flow cytometry. In brief,
48 h after transfection with GRHL2 siRNA or empty vector
GRHL2, T24 and 5637 bladder cancer cells were seeded
into the 6-well plates with the density of 5x10° cells/well.
Two days later, the cells were collected and re-suspended in
10% PBS, followed by application of the cell cycle analysis
kit (Beyotime, Shanghai, China) and incubation for 1 h at
37°C in the dark. Tests were performed in triplicate for each
sample and the cell cycle analysis was performed by FAC
Scan flow cytometry (BD Biosciences, San Jose, USA) with
FlowJo software according to the instructions.

Wound Healing Assay

The cells were seeded into a 6-well plate with the density
of 5x10° cells per well. After the confluent monolayer was
formed in DMEM containing 10% FBS, the medium was
replaced by serum-free DMEM containing Mitomycin
C (5 pg/mL). After that, wounds were made by a pipette
tip (10 pL) scratching through the center of the monolayer.
Scratch wound healing was visualized under a bright-field
microscope (TE2000, Nikon) after 24 h cultivation.
Migration rate was calculated by the following formula:
Migration rate (% of 0 hr) = (Do-D1)/Do*x100%, of which
Dy represents the distance at time beginning and D repre-
sents the distance at 24 h.

Transwell Assay

Cell invasion ability of transfected T24 and 5637 bladder
cancer cells were assessed by transwell assay. Twenty-four
-well chemotaxis chamber unit with § pum pore was pur-
chased from Invitrogen (Shanghai, China). In short, Cells
(5000) resuspended in serum-free medium were seeded
into the top chamber of the well. Each well of the bottom
chamber was filled with 500 pL. RPMI 1640 medium
containing 10% FBS. After 24 h incubation at 37°C, the
cells on the upper surface of the filter were removed by
wiping with a cotton swab. The invaded cells on basal side
of the filter were fixed with 4% paraformaldehyde for 5
min and stained using 0.5% crystal violet for 10 min. The
invasion ability was determined by the number of migrated
cells in 10 randomly selected fields.

Statistical Analysis

The results in this study were expressed as mean + standard
deviation (SD). Analysis was performed by SPSS 20.0 soft-
ware. The one-way analysis of variance (ANOVA) was used

to detect the differences among different groups. P < 0.05
was regarded as significant difference.

Results
Expressions of GRHL2 and ZEBI in

Bladder Cancer Tissues and Cell Lines
The expression level of GRHL2 in human bladder cancer
tissues was analyzed by immunohistochemistry assay. It was
found that GRHL2 was highly expressed in normal bladder
tissues while it was down-regulated in bladder cancer tissues
(Figure 1A). Furthermore, the results of qRT-PCR showed
that the average mRNA level of GRHL2 was generally
higher in non-tumor tissues compared with tumor tissues,
meanwhile the mRNA level of GRHL2 was negatively cor-
related with the stage of bladder cancer progression. In
details, the expression of GRHL2 mRNA was higher in stage
T+T, than stage T5+T, (Figure 1B) and it had close correla-
tions with the tumor size and differentiation grade (P<0.01)
(Table 1). Moreover, compared with the normal tissues, the
expression of ZEB1 was higher in bladder cancer tissues, and
it was negatively correlated with the expression of GRHL2
(r=—0.3297, P=0.0006) (Figure 1C and D). Additionally, the
expressions of GRHL2 were significantly down-regulated at
both mRNA level (Figure 1E) and protein level (Figure 1G)
in RT4, BIU-87, 5637, T24 cell lines compared with SV-
HUC-1 cell line, whereas the expressions of ZEBI1 at both
mRNA level (Figure 1F) and protein level (Figure 1H) were
up-regulated in RT4, BIU-87, 5637, T24 cell lines compared
with SV-HUC-1 cell line. In bladder cancer cell lines, T24
and 5637 cell lines showed much lower expression levels of
GRHL2 and higher expression levels of ZEB1 compared
with the normal uroepithelial cell line, thus T24 and 5637
cell lines were selected for subsequent experiments.

Aberrant GRHL2 Expression Was

Correlated with Cell Proliferation

To investigate the possible effects of GRHL2 on proliferation
of T24 and 5637 cells, the viability of cells transfected with
GRHL2 siRNA (siRNA1 and siRNA2) or vector GRHL2
were evaluated by CCKS8 assay. The cell growth curve was
plotted under the observation at 450nm (Figure 2A and B). As
shown in Figure 2A, the cell viability of T24 and 5637 cells
transfected with GRHL2 siRNA was higher than T24 and
5637 cells transfected with the control-siRNA. On the con-
trary, the viabilities of T24 and 5637 cells were significantly
slackened after transfected with vector-GRHL2 (Figure 2B).
Because cell cycle is closely related to cellular proliferation,
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Figure | Expressions of GRHL2 and ZEB| in bladder cancer tissues and cell lines. (A) Representative IHC (immunohistochemical) staining images illustrated the staining intensity
of GRHL2 at different stage of bladder cancer tissues paired with non-tumor tissues. (B) The relative mRNA levels of GRHL2 in non-tumor tissues (NT), T| tumor tissues and T2
+T4 tumor tissues (reference: GAPDH). (C) The relative mRNA levels of ZEB| in non-tumor tissues (NT), T| tumor tissues and T2+T4 tumor tissues (reference: GAPDH). (D)
Spearman correlation between relative mRNA levels of GRHL2 and ZEB| (r=—0.3297; P=0.006). (E) The expression of GRHL2 mRNA in immortalized human bladder epithelial
cells (SV-HUC-1) and four different bladder cancer cell lines (RT4, BIU-87, 5637, T24) was detected by qRT-PCR (relative to SV-HUC-1). (F) The expression of ZEBI mRNA in
immortalized human bladder epithelial cells (SV-HUC-1) and four different bladder cancer cell lines (RT4, BIU-87, 5637, T24) were detected by qRT-PCR. (G) The expression of
GRHL2 protein in immortalized human bladder epithelial cells (SV-HUC-1) and four different bladder cancer cell lines (RT4, BIU-87, 5637, T24) was detected by Western blot
analysis. (H) The expression of ZEBI protein in immortalized human bladder epithelial cells (SV-HUC-1) and four different bladder cancer cell lines (RT4, BIU-87, 5637, T24) was
detected by Western blot analysis. Bar indicates mean£SD. *: P <0.05, **; P <0.01.
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Table | Association Between the Expression Level of GRHL2
and Clinicopathological Data in Bladder Cancer Tissues

Clinicopathological | n | Relative Expression P value
Data Level of GRHL2 (Mean
1SD)
Gender >0.5
Male 48 | 1.478+0.126
Female 12 | 1.553£0.276
Age (years) >0.5
<60 20 | 1.534+0.215
260 40 | 1.479+0.189
Diameter <0.01**
<3.0 35 | 1.823+0.228
23.0 25 | 1.041+0.278
Differentiation grade <0.05%*
Well and moderate | 32 | 1.589+0.169
Poor and 28 | 1.392+0.178
undifferentiated
Tumor stage <0.01**
T, 21 | 1.411x0.163
Ty-Ts 39 | 1.517+0.228
Lymph node <0.01**
metastasis
No 33 | 1.127+0.144
N. 27 | 1.561+0.239

Notes: *P<0.05, **P<0.01.

Abbreviations: EMT, epithelial-mesenchymal transition; UICC, Union for
International Cancer Control; CCKS8, the Cell Count Proliferation; FSP1, fibroblast-
specific protein |.

the effects of GRHL2 on cell cycle were further investigated.
The results of flow cytometry demonstrated that in the
GRHL2-knockdown cells, the average fractions of cells in
S- and G2-phases were significantly increased while the frac-
tion of cells in Gl-phase was decreased. In contrast, in
GRHL?2 overexpressed cells, the average fraction of cells in
S- and G2-phases was decreased with an increased fraction of
cells in G1-phase (Figure 2C). Lastly, the colony formation
assay was performed and the results showed that the cell clone
formation rate was much higher in GRHL2-knockdown T24
and 5637 cells compared with the control cells. On the con-
trary, the cell clone formation rate was significantly decreased
in GRHL2-overexpression T24 and 5637 cells (Figure 2D).

GRHL2 Regulated EMT in Bladder

Cancer Cells

To further investigate the biological function of GRHL2,
Western blotting assay was performed to assess the expres-
sion levels of EMT related proteins in GRHL2-knockdown

and GRHL2-overexpression bladder cancer cell lines T24
and 5637. The results of Western blotting assay showed that
ZEB1 was highly expressed in the GRHL2-knockdown
cells whereas the GRHL2-overexpression cells expressed
lower expression of ZEB1 compared with corresponding
control groups. Furthermore, the GRHL2-knockdown cells
expressed a lower level of epithelial marker (E-cadherin)
and higher levels of and mesenchymal markers (Vimentin,
Snail and Slug) compared with the control group (Figure 3A
and B). In contrast, the GRHL2-overexpression cells exhib-
ited a higher expression level of E-cadherin and lower
levels of Vimentin, Snail and Slug in comparison with the
control group (Figure 3A and B). As the results of EMT,
cancer cell migration and invasion are highly related to
metastasis. To further confirm the pivotal roles of GRHL2
in regulation of cell migration and invasion, wound healing
assay and Transwell assay were conducted. It was found
that down-regulation of GRHL2 could shorten the time of
wound healing and increase the number of cells passing
through the chamber compared with the cells transfected
with control-siRNA (Figure 3C-F). Furthermore, the oppo-
site effects were observed in GRHL2-overexpression cells,
in which the cells needed more time for wound healing and
there were fewer cells passed through the chamber com-
pared with the cells transfected with control-vector
(Figure 3C-F). Therefore, the results above clearly indi-
cated that GRHL2 inhibited EMT process in bladder cancer
cell lines T24 and 5637, it also slowed migration and inva-
sion of bladder cancer cells.

GRHL2 Inhibited EMT Through Targeting
ZEBI

In order to explore the functional mechanism of how
GRHL2 inhibited the metastasis of bladder cancer cells,
the bladder cancer cells were pre-transfected with vector-
GRHL2 or vector-ZEB1, respectively, or co-transfected in
combination with vector-GRHL2 and vector-ZEB1. The
results of CCKS8 assay showed that in the T24 and 5637
cells transfected with vector-ZEBI1, overexpression of
ZEB1 did not change the viability of cells compared
with the cells transfected with con-vector, which indicated
that ZEB1 had no impact on proliferation of bladder can-
cer cells (Figure 4A). The results of qRT-PCR showed that
overexpression of ZEBI1 reduced the relative expression
level of E-cadherin mRNA and promoted the relative
expression levels of Vimentin, Snail and Slug mRNAs
compared with the control group. Moreover, the relative
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Figure 3 GRHL2 regulated EMT, migration and invasion of bladder cancer cells. (A) The expression levels of GRHL2, ZEBI, E-cadherin, Vimentin, Snail and Slug in GRHL2-
knockdown and GRHL2-overexpression T24 cells were detected by Western blotting assay (reference: GAPDH) (*: P<0.05, **: P<0.01). (B) The expression levels of
GRHL2, ZEBI, E-cadherin, Vimentin, Snail and Slug in GRHL2-knockdown and GRHL2-overexpression 5637 cells were detected by Western blotting assay (reference:
GAPDH) (¥*: P<0.01). (C) Migration abilities of T24 and 5637 cells were detected by scratch wound healing assay after 24h. Insert margins were marked by black lines on
optical micrographs (*: P<0.05, **: P<0.01). (D) The percentage of wound closure was determined by measuring the spaces between the wound margin in GRHL2-
knockdown or GRHL2-overexpression T24 and 5637 cell lines (*: P<0.05, **: P<0.01). (E) The invasive capacities of GRHL2-overexpression or GRHL2-knockdown T24 and

5637 cell lines were determined by Transwell assay. (F) The relative cell migration abilities were determined by the number of cells in 10 randomly selected field. Bar
indicates mean+SD. *P <0.05, **P <0.01.
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Figure 4 GRHL2 repressed EMT by targeting ZEBI. T24 and 5637 cells were pre-transfected with vector-GRHL2 or vector-ZEB| separately or co-transfected with
vector-GRHL2 and vector-ZEBI. (A) The proliferation abilities of T24 and 5637 cells were detected by CCK8 assay under absorbance at 450nm at different time
points (0 h, 24 h, 48 h, 72 h, 96 h) within 96 h (*: P<0.05). (B) The relative mRNA levels of ZEBI, E-cadherin, Vimentin, Snail and Slug were detected by qRT-PCR (*:
P<0.05, **: P<0.01, reference: GAPDH). (C) The invasive capacities of T24 and 5637 cell lines were determined by Transwell assay. (D and E) The relative cell
migration abilities were determined by the number of cells in 10 randomly selected field. Bar indicates mean+SD. * vs con-vector, #ys vec-GRHL?2, *: P <0.05,
#: P <0.01, % P <0.05.
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expression level of E-cadherin mRNA was decreased in
co-transfected cells compared with that in GRHL2-
overexpression cells, but it was still higher than the control
group. In contrast, the relative expression levels of
Vimentin, Snail and Slug mRNAs were up-regulated in co-
that in GRHL2-
overexpression cells (Figure 4B), but they were still

transfected cells compared with
lower than the control group. Besides, similar results
were obtained in Transwell assay. The bladder cancer
cells co-transfected with vector-GRHL2 and vector-ZEB1
exhibited more invasive capacity compared with the cells
transfected with vector-GRHL2 only (Figure 4C-E),
which indicated that up-regulation of ZEB1 could partially
reverse the inhibitory effect caused by GRHL2 on EMT.
Altogether, it can be suggested that ZEBI is one of the
downstream targets of GRHL2 which regulates EMT but
has no impact on proliferation of bladder cancer cells.

Discussion
The involvement of GRHL2 in tumorigenesis makes it
become an important target in cancer therapy. To our
knowledge, this is the first study to show that GRHL2
acts as a tumor suppressor gene in bladder cancer cell
lines. Besides, this research provides a potential molecular
evidence that overexpression of GRHL?2 inhibited bladder
cancer cell proliferation as well as suppressed EMT pro-
cess by targeting its downstream target ZEB1. More stu-
dies are needed to well elucidate the potential roles of
GRHL2 in different cancers and the knowledge can con-
tribute to a better therapy of cancer.

Many researches have proved that GRHL2 plays
a significant role in the proliferation and apoptosis of
tumor cells. For instance, by inhibiting DNA methylation,
GRHL2 led to an increase of hTERT expression and it
enhanced cell proliferation.'® Furthermore, GRHL2 sup-
pressed FAS (Fas cell surface death receptor) expression
which induced apoptosis of cancer cells.'” Our study
found that the expression level of GRHL2 was negatively
correlated with the malignancy and invasiveness of blad-
der tumor. The expression level of GRHL2 was decreased
gradually along with bladder cancer progression.
Furthermore, the GRHL2 knockdown cells had higher
ability to clone in vitro, while the proliferation ability
significantly reduced

was in GRHL2-overexpression

cells. These results were consistent with the role of
GRHL2 acting as a tumor suppressor gene which had
been described in previous researches.'®'® However, we

found that GRHL2 did not affect apoptosis, which was

different from those previous studies. Collectively, these
results indicated that GRHL2 acted as a tumor suppressor
gene by mediating cell proliferation in bladder cancer.

At molecular level, a cell undergoing EMT needs to
inhibit the expression of epithelial genes that maintains cell
adhesion, to separate it from adjacent cells. E-cadherin is one
of the most classical epithelial markers encoded by CDH1
gene. It is also a member of the cadherin family and con-
stitutes a key component of adherent junctions. Several EMT
transcription factors (EMY-TFs) including Snail, Slug, and
ZEB1/ZEB2 directly target CDH1 for transcriptional repres-
sion. Furthermore, the EMT-TFs promote the expression of
crucial mesenchymal genes such as Vimentin (VIM), fibro-
nectin (FN1), N-cadherin (CDH2), and fibroblast-specific
protein 1 (FSP1) to reshape the cytoskeleton and cell mem-
brane to endow cells with migration ability.'*2° In this study,
we observed the regulatory effect of GRHL2 on EMT by
overexpressing and knocking down GRHL2. We were sur-
prised to find that GRHL2 could regulate EMT as sensitively
as a molecular switch in bladder cancer cells.

As a main target of GRHL2, ZEB1 directly binds to

1>! have found

the promoter of E-cadherin. Yilmaz et a
that the level of ZEB1 was negatively correlated with
GRHL2. By inhibiting the expression of ZEB1, GRHL2
indirectly regulated the expressions of E-cadherin,
Vimentin, Snail and Slug.22 Besides, during EMT, ZEB1
played an important role in improving the proliferation
ability and invasiveness of tumor cells. Recent studies
have found that ZEB1 is rarely expressed in epithelial
tissues and highly differentiated tumor tissues, but it is
highly expressed in poorly differentiated tumors, espe-
cially in the invasive part.”*** In our study, we found
that up-regulated GRHL2 directly inhibited the expres-
sion of ZEBI, indirectly inhibited the expression of
E-cadherin and up-regulated the expressions of
Vimentin, Snail and Slug, and vice versa. This indicated
that GRHL2 was crucial in regulation of EMT.
Furthermore, the inhibitory effect of GRHL2 on EMT
was partially reversed in ZEB1 overexpressed cells,
which indicated that ZEB1 was the downstream target
for GRHL2 to exert EMT inhibition effect. However,

1418 e found that

being different from previous studies,
ZEB1 had no effect on the proliferation of bladder cancer
cells, therefore we speculated that GRHL2 should regu-
late the proliferation of bladder cancer cells through other
downstream signaling pathways without involvement of
ZEB1. Those pathways need to be further explored and

supplemented.
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In conclusion, this is the first study to demonstrate the
anti-tumor effect of GRHL2 in bladder cancer. The main role
of GRHL?2 in bladder cancer is to inhibit the EMT process by
negatively regulating the expression of ZEB1. This mechan-
ism can be partially reversed by overexpressing ZEBI.
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