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Background: Bladder cancer (BC) is the ninth most common cancer and the fourteenth
leading death worldwide. CARD-containing MAGUK 3 (CARMA3) protein is a novel
scaffold protein known to activate NF-kB pathway and is overexpressed in BC tissues.
Purpose: The objective of this study was to identify how CARMAZ3 affects the metastasis of
BC cells via the B-catenin signaling pathway.

Materials and methods: In the present study, 5637 and T24 BC cells with stable low
expression of CARMA3 were established, and their migratory and invasive capabilities were
further evaluated by wound-healing and transwell assay. The activity and expression of -
catenin were determined by Luciferase assay and immunofluoresence staining. The mRNA
and protein expression levels of CARMA3, matrix metallopeptidase (MMP) 9 and MMP2
were detected by quantitative real-time PCR (qQRT-PCR) and Western blot analysis. The nude
mouse tumor xenograft model was established for in vivo study.

Results: By comparison to the control cells, CARMAZ3-silenced cells acquired a less aggres-
sive phenotype: decreased migration and invasion. More importantly, we confirmed that
CARM3 knockdown could inhibit B-catenin mRNA and protein expression and activity, and
reduce the expression and/or activity of matrix metallopeptidase (MMP) 9, MMP2 and C-myec.
Also, CARMS silencing increased E-cadherin expression and attenuated the expression of -
catenin. Moreover, we demonstrated that B-catenin overexpression reversed the inhibiting
effect of CARMA3 silencing on cell invasion and migration. Furthermore, our study illustrated
that knockdown of CARMAS3 suppressed BC cells xenograft tumor growth in nude mice.
Conclusion: We demonstrated that CARMAS3 contributes to the malignant phenotype of BC
cells at least by activating B-catenin signaling pathway, and it may serve as a therapeutic
target for clinic treatment in BC.

Keywords: CARMA3, B-catenin signaling pathway, bladder cancer, migration, invasion

Introduction

Metastasis results in approximately 90% of cancer-associated mortality, though the
high grade risk of why people die from cancers is still unclear.' Bladder cancer (BC), as
one of the most prevalent cancers among men, is the ninth common cancer and the
fourteenth leading death worldwide. This cancer may be caused by some known risk
factors, such as cigarette smoking, urinary tract infection, and occupational hazards.” It
had been diagnosed 430,000 new cases of BC in 2012, and only less than 15% patients
can survive for 5 years from metastatic BC.> The management of BC depends mainly
on pathological and radiological diagnosis. The main challenge faced by many
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researchers is the poor understanding of molecular para-
meters and available therapeutic targets in BC. Therefore,
elucidating the mechanisms of genes involved in tumor inva-
sion and migration is urgently needed.

CARD-Containing MAGUK Protein family (CARMA)
proteins are scaffold proteins, which have three members:
CARMAI, CARMA2, CARMA3.*” Increasing evidence sug-
gests that CARMA family of proteins play an important role in
tumor progression. CARMA3, also known as Caspase
Recruitment Domain Family Member 10 (CARDI0), has
been reported to promote the growth and metastasis of cancer
cells, such as lung cancer cells, colorectal carcinoma cells,
glioma cancer cells, breast and skin cancer cells.* ' Our prior
work demonstrated that CARMA3 was upregulated in BC
tissues, and such elevation contributed to the proliferation of
BC cells.'? Further, a study from Zhang et al indicated that
CARMA3 re-expression reversed the anti-tumor effects of
microRNA-24 in BC cells, which indirectly suggested an invol-
vement of CARMA3 in BC carcinogenesis."> It should be
noted that most of the previous studies have linked CARMA3
to nuclear factor kappa B (NF-kB) pathway.'*'> Whether there
are pathways other than NF-kB involved in CARMA3-regulat-
ing tumor metastasis remains unclear.

Wnt/B-catenin signal pathway plays a vital role in cell
development and maintenance, whereas its aberrant activa-
tion triggers tumorigenesis.'®'” Active p-catenin clusters in
the cell nucleus to activate the transcription of target genes.'®
It has been reported that B-catenin activation can synergize
with Phosphatase and Tensin Homolog (PTEN) deficiency to
induce BC formation.'® Furthermore, inactivation of B-cate-
nin induced by either microRNA?® or pharmaceutical drug?'
leads to a less malignant behavior of BC cells. Therefore,
given the important role of p-catenin pathway in BC carci-
nogenesis, we assessed whether CARMAS3 can regulate this
pathway in BC cells.

In the present study, we first constructed BC cells with
stable low expression of CARMA3, and evaluated their
mobility. We found that CARMAS3-silenced cells acquired a
less migratory and invasive phenotype, and the B-catenin
pathway was deactivated in these cells. Additionally, forced
re-expression of active B-catenin partly reversed the altera-
tions induced by CARMA3 shRNA in BC cells.

Materials and methods

Cell culture and transfection
The 5637 and T24 cells were obtained from American
Type Culture Collection (Manassas, VA, USA). The cells

were cultured in PRMI-1640 (R8458, Sigma, USA) con-
taining 10% fetal calf serum (FBS; F8067, Sigma, USA).
All cells were grown at 37 °C under 5% CO,.

Two shRNAs exclusively targeting CARMA3 gene and
negative control shRNA were inserted into pRNAHI.1
plasmid (Sangon Biotech, Shanghai, China) to form sh-1-
CARMAZ3, sh-2-CARMA3 and NC plasmids. For transfec-
tion, 5637 and T24 cells were plated into 6-well plate at a
density of 4x10° cells/well, and 24 hrs later, these cells
were transfected with NC, shl-CARMA3 or sh2-
CARMA3 vector. The transfection was mediated by
Lipofectamine 2000 (11,668,019, USA)
according to the manufacturer’s instructions. After trans-
fection, 5637 cells were screened by 400 g/mL G418, and
T24 cells were screened by 300 g/mL (11,811,023,
Invitrogen, USA) for about two weeks. Then cells resistant

Invitrogen,

to G418 were used in the following study.

After transfection, the 5637 and T24 cells were treated with
100 pg/mL cycloheximide (CHX) for 6h, then the B-catenin
expression levels of these cells were detected by Western blot.

For co-transfection, 5637 and T24 cells were cultured
for 24 hrs, and co-transfected with NC, sh1-CARMA3 or
sh2-CARMA3 vector and pcDNA3 or pcDNA3-CARMA3
vector for further study. The transfection was mediated by
Lipofectamine 2000 (11,668,019, Invitrogen, USA) accord-
ing to the manufacturer’s instructions.

Gelatinase-zymography

The proteins were extracted from 5637 and T24 cells, and
analyzed for gelatin degradation activity through electrophor-
esis. After SDS-PAGE, the gels were washed in Buffer A
containing 2.5% (v/v) Triton® X-100 (694, Amersco,
Canada), 50 mmol/L Tris-HCI, 5 mmol/L CaCl,, 1 umol/L
ZnCl, for 40 mins at room temperature (RT), equilibrated for
20 mins at RT in Buffer B containing 50 mmol/L Tris-HCI,
5 mmol/L CaCl,, 1 umol/L ZnCl,, and followed by overnight
incubation with developing buffer containing 50 mmol/L Tris-
HCl, 5 mmol/L CaCl,, 1 umol/L ZnCl,, 0.02%Brij, 0.2 mol/L
NaCl at 37 °C. Then, the zymogram gels were stained with the
Commassie Blue Staining Solution (0427, Amersco, Canada)
for 3 hrs at RT with gentle shaking. After being washed by
Coomassie Blue destaining solution, the zymogram gel was
scanned and the band intensities were measured.

Immunofluoresence staining

The 5637 and T24 cell slides were fixed with 4% paraformal-
dehyde and permeabilized with 0.1% Triton-X-100 in PBS.
Cells were then blocked for 60 mins and incubated overnight
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with anit-B-Catenin antibody (1:50, #8480, Cell Signaling
Technology, USA) or E-cadherin (20874-1-AP, proteintech,
China), followed by FITC-labeled goat anti-rabbit IgG
(H + L) (1:200, A0562, Beyotime, China) or Cy3-labeled
goat anti-rabbit IgG (H + L) (1:50, A0516, Beyotime, China)
secondary antibody for 30 mins. After DAPI staining, images
were captured under a fluorescent microscope.

Cell migration assay

Wound-healing assay was performed to detect to changes
in cell migration. Cells were seeded in 6-well plates, and
grew to confluent, and then a scratch wound was made
with a 200-pl pipette tip in a straight line. After rinsing
with serum free RPMI-1640 medium (SFM), cells were
incubated in a condition of 37 °C under 5% CO, for
24 hrs. Cell images were captured under a microscope at
0 hr and 24 hrs post-wounding.

Cell invasion assay

Cells were counted and diluted into cell suspension of 1x10°
cells/ml. In the lower chamber of transwell inserts with 8.0-
um pore size membrane filters (#3422, corning life science,
USA), 800 uL of 30% FBS was added. In the upper chamber
of transwell inserts, 2x10? cells in 200 pL SFM were loaded.
Twenty-four hours later, the transwell inserts were washed
twice with PBS. The membrane were fixed with 4% paraf-
ormaldehyde and stained with 0.1% crystal violet dye.

Western blotting

Cells were lysed with RIPA Lysis Buffer (P0013B,
Beyotime, China) or Nuclear and Cytoplasmic Protein
Extraction Kit (P0027, Beyotime, China). Then protein con-
centrations were quantified with BCA Protein Assay Kit
(P0O011, Beyotime, China). Twenty microlitre of proteins
were separated by SDS-PAGE and then transferred onto
PVDF membranes. After blocking, the membranes were
incubated with the one of following antibodies: anti-
CARMA3 antibody (1:1000, bs-7081R, Bioss, China), anti-
MMP2 antibody (bs-0412R, Bioss), anti-MMP9 antibody
(1:1000, bs-4593R, Bioss, China), anti-B-catenin antibody
(1:1000, #8480, Cell Signaling Technology, USA), anti-
Survivin antibody (1:1000, #2808, Cell Signaling
Technology, USA), anti-C-myc antibody (1:500, sc-40,
Santa Cruz Biotechnology, USA), anti-beta-Actin (1:5000,
bsm-33036 M, Bioss, China), or anti-Histone H3.1 (1:500,
bs-17422R, Bioss, China) at 4 °C overnight. Then the mem-
branes were incubated in HRP-labeled Goat Anti-Rabbit IgG
(H+ L) (1:5000, A0208, Beyotime, China) or HRP-labeled

Goat Anti-Mouse IgG (H + L) (1:5000, A0216, Beyotime,
China) at 37 °C for 45 mins. After incubating ECL reagent
for 5 mins, the proteins were detected by ECL Select Western
Blotting Detection System (Beyotime, China).

Real-time quantitative RT-PCR (qRT-PCR)

analysis

gRT-PCR was performed using SYBR Green PCR Master
Mix (SY1020, Solarbio, China) in a total volume of 20 pl on
ExicyclerTM 96 Real-Time PCR System (Bionner, Korea).
The relative gene expression levels were represented as
ACt = Ct gene—Ct reference, and the change of relative
mRNA level was calculated by the 2" method. We chose
[-actin as a reference gene, and experiments were repeated in
quadruplicate. The sequences of primer pairs were as follows:
B-actin-F, 5'- CTTAGTTGCGTTACACCCTTTCTTG -3'; B-
actin-R, 5'- CTGTCACCTTCACCGTTCCAGTTT -3'; CAR
MAZ3-F, 5-GGTGCCGAGCCCTTCTACATT-3"; and CARM
A3-R, 5'-TCCAGGTCCCGCAGAGTGAG-3'.

Mouse tumor xenograft model

The animal experiments were based on the Guide for the
Care and Use of Laboratory Animals and conducted in
accordance with the protocol approved by the China
Medical University Application for Laboratory Animal
Welfare and Ethical Committee. The experiments were per-
formed using 6-week-old male mice (n=24) (BALB/c-nu
mice; Beijing HFK Bioscience, China). Mice were kept
throughout the experiment in pleasant conditions (tempera-
ture, 24-26 °C; humidity, 45-55%) and were able to access
food and water freely. After a week of adjustable feeding,
3x10° cells were injected into nude mice armpits per group.
Tumor size was measured and recorded every three days
since formation. After 21 days of injection, mice were killed
by injecting of 200 mg/kg sodium pentobarbital. The tumor
nodules were subsequently removed for following analysis.

Immunohistochemistry

The tumor nodules from mice were subsequently removed and
fixed into paraffin sections. The fixed tissue paraffin sections
were first incubated in 3% hydrogen peroxide for 15 mins at RT.
After blocking, they were incubated with anti-CARD10 (1:200,
bs-7081R, Bioss, China) or anti-p-Catenin (1:100, #8480, Cell
Signaling Technology, USA) at 4 °C overnight, and then incu-
bated in Biotin-labeled Goat Anti-Rabbit IgG (H + L) (1:200,
A0277, Beyotime, China) at 37 °C for 30 mins. Thereafter, the
protein signals were magnified with HRP-labeled Streptavidin
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(1:200, A0303, Beyotime, China), and visualized with DAB
(DA1010, Solarbio, China). Cell nuclei were counterstained
with hematoxylin (H8070, Solarbio, Beijing, China). Images
were captured under a microscope.

Luciferase assay

After tansfected with NC, sh1-CARMAS3 or sh2-CARMA3,
the activity of B-catenin was detected by Dual-Luciferase
Reporter Assay System (E1910, Promega, USA) and M50
Super 8xTOPFlash (12,456, Addgene, USA).

Co-immunoprecipitation assay

The Co-IP analysis was used for examination of the change
in association between B-catenin and E-cadherin in the sh-
CARMA3 cells. The protein was extracted from sh-
CARMA3 and NC cells by Protein Extraction Kit
(WLAO019, Wanleibio, China), precipitated by E-cadherin
antibody (20874-1-AP, Proteintech, China), and then the
precipitated protein was evaluated by Western blotting
using B-catenin antibody (1:2000; #2698, CST, USA).

Analysis of data

All data were analyzed with GraphPad Prism 7.0 (GraphPad
Software Inc., USA), and present as means =+ standard devia-
tion. Comparisons between groups were conducted by un-
paired student’s ¢ test or one-way analysis of variance
(ANOVA) followed by Bonferroni’s
Statistically significant was written as P<0.05.

post-hoc  test.

Moral statement

The animal experiments in the present study were based on
the Guide for the Care and Use of Laboratory Animals and
conducted in accordance with the protocol approved by the
China Medical University Application for Laboratory
Animal Welfare and Ethical Committee (KT2018050).

Results
CARMAZ3 was silenced efficiently in 5637

and T24 cells

To explore the effect of CARMA3 on tumor progression of
BC, the endogenous CARMA3 was stably knocked down in
5637 and T24 BC cell lines with two shRNAs. The expression
levels of CARMAS3 in BC cells were analyzed by Western blot
and real-time PCR (Figure 1). The results showed that cells
transfected with sh-1/-2-CARMAZ3 plasmids had much lower
mRNA and protein expression of CARMA3 than cells trans-
fected with NC shRNA (****p<0.0001) (Figure 1A and B).

These results suggested that CARMAZ3 was silenced efficiently
in 5637 and T24 cells.

Knockdown of CARMA3 decreases the
cell migration, invasion and the
expression of MMP2 and MMP9 in 5637

and T24 cells

We next investigated whether the CARMA3 silencing could
influence the migration and invasion of 5637 and T24 cells.
The obtained data showed that 5637 and T24 cells transfected
with sh-CARMAZ3 exhibited weaker migratory and invasive
ability than the control cells (Figure 2A and B). Since matrix
metalloproteinases participate in cell metastasis and invasion,
we also examined whether CARMA 3 knockdown affected the
expression of MMP2 and MMP9 (Figure 2C). Results of
Western blotting indicated that the expression levels of
MMP2 and MMP9 were dramatically reduced when
CARMA3 was knocked down (**p<0.01, ***p<0.001).
Moreover, we measured the activities of MMP-2 and MMP9
by gelatinase-Zymography, and found that their activities were
reduced in CARMA3-silenced cells (**p<0.01, ***p<0.001)
(Figure 2D). These data suggested that CARMA3 contributed
to BC cell migration and invasion.

Silencing of CARMA3 deactivates

B-catenin signaling pathway

We next explored how CARMAS silencing affected the trans-
duction of P-catenin signals in 5637 and T24 cells.
Immunofluorescence images indicated that nuclear -catenin
presented in normal BC cells, and decreased in cells transfected
with CARMA3 shRNA (Figure 3A). The mRNA and protein
levels and activity of B-catenin were decreased in CARMA3-
silenced 5637 and T24 cells (Figure 3B-D). Data from
Western blot analysis confirmed the immunofluorescence
results of B-catenin (Figure 3B; **p<0.01, ***p<0.001).
Interestingly, the significant decreasing of mRNA and expres-
sion levels of f-catenin were observed. To investigate the
mechanism by which sh-CARMA3 decreased [-catenin
expression, we examined the expression of B-catenin after
100 pg/mL Cycloheximide (CHX) treatment. CHX was a
translation blocker and could inhibit protein synthesis®* After
the B-catenin protein synthesis was inhibited by treatment with
CHX in transfected with NC or sh-CARMA3 5637 and T24
cells, the expression of B-catenin in sh-CARMA3 cells was still
significantly decreased compared to NC cells (Figure S1). This
finding could provide evidence for that the regulation of
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Figure | CARMAS3 was silenced efficiently in 5637 and T24 cells. (A) The levels of CARMA3 mRNA in 5637 and T24 cell were detected by real-time PCR (¥***p<0.0001).
(B) The levels of CARMA3 expression in 5634 and T24 cells were assessed by Western blotting (****p<0.0001).

B-catenin expression by knockdown of CARMA3 depends on
both transcriptional and post-translational mechanisms.
Furthermore, the expression levels of survivin and C-myc,
two downstream targets of -catenin pathway, were detected
with Western blot. As shown in Figure 3E and F, the expression
levels of survivin and C-myc were significantly reduced in sh-
CARMAS3 transfected cells (**p<0.01, ***p<0.001). The
above evidence revealed that CARMAS3 inhibition signifi-

cantly blocked B-catenin pathway activation.

Knockdown of CARMAS3 inhibited the
activity of adherens junction between the

B-catenin and e-cadherin

Furthermore, we designed a new siRNA against
CARMA3 (si-CARMA3) that targeted the 3'-untrans-
lated non-coding region of the CARMA3 mRNA. Our
result showed that overexpression of CARMA3 atte-
nuated the inhibiting effect of si-CARMA3 on f-cate-
nin (Figure 4A). The function of B-Catenin-S33Y
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Figure 2 Knockdown of CARMA3 decreases the cell migration, invasion and the expression of MMP2 and MMP9 in 5637 and T24 cells. (A) Cells migration was performed
by wound-healing assay in 5637 and T24 cells. bar =200 pm. (B) Cells invasion was assessed by transwell assay in 5637 and T24 cells, bar =100 pm. (C)The expression levels
of MMP9 and MMP2 were evaluated by Western blotting in 5637 and T24 cells (**p<0.01, **p<0.001). (D) MMP9 and MMP2 activities were analyzed by Gelatin zymography

in 5637 and T24 cells (¥p<0.01, **p<0.001).

(constitutively active B-catenin) on migration and inva-
sion ability of BC cells was studied by wound healing
and transwell assays. As shown in Figure 4B and C,
overexpression of B-catenin could increase the migra-
tion and invasion ability of 5637 and T24 cells.
knockdown of CARMA3 increased the
expression of E-cadherin, which was detected by IF

Moreover,

(Figure 4D). The interaction between b-catenin and E-
cadherin was evaluated by co-IP experiment and the
co-IP efficiency was calculated as Li et al described”
Surprisingly, the results showed that downregulation of
CARMAS3 inhibited the interaction between b-catenin
and E-cadherin (Figure 4E). Moreover, the Wnt signal-
ing pathway was activated by over-expression of
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Figure 3 Silencing of CARMA3 deactivates B-catenin signaling pathway. (A) The distribution of B-catenin in 5637 and T24 cells was observed by immunofluorescence
staining, bar =50 pm. (B) The mRNA level of B-catenin in 5637 and T24 cells was detected by real-time PCR (*p<0.05, **p<0.01). (C) The activity of p-catenin was examined
by Luciferase assay (**p<0.01, ***p<0.001). (D, E and F) The expression of B-catenin, surviving and C-myc in 5637 and T24 cells was assessed by Western blotting (**p<0.01,

#p<0,001).

CARMA3 (Figure S1). Collectively, these data sug-
gested that P-catenin besides being a major
component of the E-cadherin adhesion complex, is
also a central mediator in the canonical Wnt pathway
while E-cadherin acts as a negative mediator of this
pathway.

Overexpression of J-catenin reversed the
inhibition of CARM3 silencing on cell

migration and invasion
We asked whether B-catenin pathway activation was impor-
tant for CARMA3’s regulation on the mobility of BC cells

OncoTargets and Therapy 2019:12

submit your manuscript

6315

Dove


http://www.dovepress.com
http://www.dovepress.com

Man et al Dove

5637 124 B-catenin-S33Y B-catenin-S33Y
NG R R R R Vector-5637 5637 » Vector-T24 T24
Vector + + - + -
S-CARMA3 - +  + -4 .
OV-CARMA3 - -+ - - s :

116kDa =~ s s SR e . me  CARMA3

O2KDA  w— e —— e B-catenin

42kDa «mmms e S . —— -aClin 24h
5637 T24

EEE  si-NC +vector EEE  si-NC +vector

BN si-CARMA3+vector BN si-CARMAB3-+vector

12} 2]
© 4 si-CARMA3+OV-CARMA3 @ 4 si-=CARMA3+OV-CARMA3
k] e kg ¥
53 T 5 3 E .. c
2 e g — 5637
°2 — o2 T -
s T 5 B-catenin-S33Y
x 3 T o,
() 1 () 1 o
(3 [
= 2
T 0 T 0
g W & N &
& &
S N o <
D E-cadherin DAPI Merge
5637 T24
5637
> P:b
»@“\P N
) L ) L
A S
PR — W s |P: E-cadherin
WB E-cadherin
5637 -— Input
NG — o —
IP IP
5637 & &
S * N
-sh- & ©E P O
\ N\
CARMAS \ ) % N \Q \Z
e e — 5637
WB [-catenin
S— -— — T2
T24
NC sh-CARMA3
150 ~
T24 _ Il NC sh-CARMA3
-NC R
Q
©
3
<)
o
T24
s A x
CARMA3 ) U
& A

Figure 4 Silencing of CARMA3 inhibited the activity of adherens junction between the P-catenin and E-cadherin. (A) After transfection of si-NC, si-CARMA3 that
targeted the 3'-untranslated non-coding region of the CARMA3 mRNA, pcDNA3 or pcDNA3-CARMA3 into BC cells, the expression of CARMA3 and f-catenin was
detected by Western blotting. (B) Cells migration was examined by wound-healing assay in 5637 and T24 cell after transfecting with empty vector or B-catenin S33Y
plasmid, bar =200 pm. (C) Cells invasion was evaluated by Transwell in 5637 and T24 cell after transfecting with empty vector or B-catenin S33Y plasmid,
bar =100 pm. (D) The expression of E-cadherin was examined by IF, bar =50 pm. (E) The interaction between B-catenin and E-cadherin was judged by Co-IP assay.
*¥p<0.001, **++p<0.0001.

and explored further. The reactivation of B-catenin was then  catenin-S33Y plasmids regained aggressive behaviors:
introduced in CARMAS3-silenced 5637 and T24 BC cells. enhanced migration and invasion (Figure 5A and B).
We found that CARMAS3-silenced cells transfected with - Moreover, silencing of CARMA3-induced reduction in
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Figure 5 Overexpressed B-catenin can reactivate B-catenin signaling pathway in silencing of CARMA3. (A) Cells migration was examined by wound-healing assay in 5637-sh-
CARMA3 and T24-sh-CARMA3 cell before and after transfecting p-catenin S33Y plasmid, bar =200 pm. (B) Cells invasion was evaluated by Transwell in 5637-sh-CARMA3
and T24-sh-CARMA3 cell before and after transfecting B-catenin S33Y plasmid, bar =100 pm. (C) The expression levels of B-catenin, MMP9, MMP2 and C-myc were
assessed by Western blotting in 5637 and T24 cells before and after transfecting B-catenin S33Y plasmid (**p<0.01, ***p<0.001).

MMP9, MMP2 and C-myc were counteracted by B-catenin-
S33Y expression (Figure 5C; **p<0.01, ***p<0.001). These
data suggested that alterations induced by CARMA3 knock-
down in BC cells were rescued by forced overexpression of
[-catenin.

Silencing of CARMA3 impairs tumor

progression in vivo

In vivo, BC cells stably transfected by NC shRNA or
CARMA3 shRNA were subcutaneously injected into
nude mice. We found that CARMAZ3 silencing did not

affect the formation rate of 5637 and T24 cell
lines, but restrained their growth in vivo (Figure 6A).
Like in vitro, we also observed a reduction of
B-catenin in CARMA3-silenced tumors (Figure 6B
and C).

Discussion

In the present study, we confirm a direct link between
CARMA3 and PB-catenin signaling pathway: knockdown
of CARMAS3 can inhibit B-catenin signaling pathway.
Moreover, excessive activation of p-catenin signaling
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pathway recovers cell invasion and migration capability in
CARMA3-silenced BC cells.

In ovarian cancer cells, CARMA3 depletion inhibited
the proliferation and blocked cell cycle progression in
A2780 and HO8910 cancer cells.* In lung cancer cells,
CARMA3 overexpression promoted cell motility and

enhanced cancer cell stemness.® These previous studies
suggest a role of CARMA3 in promoting cancer cell
growth. We prior proved that knockdown of CARMA3
suppressed the growth of BC cells.'> In the present
study, we further demonstrated that CARMA3 contributed
to BC cell migration and invasion by performing loss-of-

submit your manuscript

6318

Dove!

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Man et al

function experiments of CARMAZ3. Such findings also
suggest that CARMAJ3 expression is required for bladder
carcinogenesis.

Wnt/B-catenin pathway plays a key role in carcino-
genesis. Wnt stimulation induces B-catenin stabilization
and nuclear translocation, thereby resulting in gene
transcription.”” In BC tissues, enhanced nuclear accumu-
lation of B-catenin has been observed.’® B-catenin can
form a complex with androgen receptor and T-cell factor
(TCF) to accelerate androgen-induced metastasis of BC
cells.?®?” Notably, the activated Wnt/B-catenin signaling
is capable of initiating the NF-xB-dependent transcription
in cancer cells.”®**° We previously found that, in
CARMA3-silenced BC cells, the DNA binding activity
of NF-kB was reduced.'? Given the fact that the activated
B-catenin regulates NF-«B signaling transduction, we
here assume that CARMA3 silencing also affects the
signaling delivery of wnt/B-catenin pathway. In the pre-
sent study, we found that over-expression of CARMA3
could up-regulate Wntl and Wnt3a expression (two cano-
nical Wnt signalling ligands) (Fig.Supplement C).
CARMA3 shRNA hindered the nuclear accumulation of
B-catenin, and inhibited the expression of its downstream

3031 4n two BC cell lines.

targets, survivin and c-myc,
Moreover, co-IP assay showed that there was no direct
interaction between CARMA3 and beta-catenin (Fig.
Supplement B). However, CARMA3 expression in blad-
der cancer shows a weak positive correlation with
B-catenin expression by Gene Expression Profiling
Interactive Analysis.*

B-catenin as a component of adherens junctions plays
an additional role in several diseases through binding with
various cadherins such as E-cadherin. The E-cadherin-p-
catenin complex relates to actin filaments and forms a link
with the actin cytoskeleton® In other studies, Inhibitor of
B-catenin and T-cell factor (ICAT) could disrupt the
E-cadherin/B-catenin complex and reduce the expression
of E-cadherin, and thus inhibiting Wnt/B-catenin signaling
33-35 that
CARMA3 induced the expression of B-catenin, we exam-
ined and found that silence of CARMAS3 could decrease
the interaction between b-catenin and E-cadherin.

pathway. Considering overexpression  of

Nevertheless, the E-cadherin expression was increased in
sh-CARMA3 cells. Given that over-expression of
CARMAZ3 could up-regulate Wntl and Wnt3a expression,
we could speculate that the CARMA3 knockdown mainly
increased E-cadherin expression and then down-regulated

B-catenin expression, although the interaction between b-
catenin and E-cadherin was attenuated. These findings
indicated that, in this study, B-catenin acted mainly as a
central mediator in the canonical Wnt pathway while
E-cadherin acts as a negative mediator of this pathway>*
Interestingly, tumor xenograft model was further estab-
lished by injecting control or CARMA3-silenced BC
cells in nude mice. We found that, like in vitro, nuclear
expression of B-catenin was also reduced in xenograft
tumors formed by CARMA3-silenced BC cells.

MMP2 and MMP9 are traditional prognostic variables
in BC, and their expression elevation has been proved to
contribute to BC cell metastasis.>’*® Herein, we found
that the expression and activity of both MMP2 and
MMP9 were decreased in CARMA3-silenced BC cells.
A previous study showing CARMA3 was required for the
upregulation of MMPs in breast cancer cells supported
our findings.>® Translocation to the cell nucleus of
B-catenin and sequential formation of the TCF/B-catenin
complex induce expression of MMP2 and MMP9 in
cancer cells.*®*!" Thus, we next evaluated whether
CARMA3 regulated MMP2 and MMP9 expression
through B-catenin pathway. We further found that the
forced overexpression of active B-catenin induced upre-
gulation of MMP2 and MMP9 in CARMA3-silenced BC
cells. Such alterations were accompanied by enhanced
cell migration and invasion. These results demonstrate
that CARMAZ3 participates in extracellular matrix remo-
deling via modulating -catenin-associated MMPs.

Conclusion

In conclusion, our study demonstrates that silencing of
CARMAZ3 inhibits cell migration and invasion of BC
cells by inducing deactivation of B-catenin. These results
further suggest CARMAS3 as a candidate target in treating
patients of metastatic BC.
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Figure S| (A) After transfected with NC or sh-CARMAS3 into 5637 and T24 cells, the cells were treated with 100 pg/mL cycloheximide (CHX) for 6h. Then the expression
of B-catenin was detected by Western blot. (B) The interaction between f-catenin and E-cadherin in sh-CARMAZ3 cells or control cells was detected by Co-IP assay. (C) The
expression of Wntl and Wnt3a in OV-CARMAS3 or Vector cells were evaluated by Western blot. (D) The correlation between CARMA3 and B-catenin expression in
bladder cancer was analyzed by Gene Expression Profiling Interactive Analysis, Tang, Z. et al. (2017) GEPIA: a web server for cancer and normal gene expression profiling

and interactive analyses. Nucleic Acids Res, IO.I093/nar/gkx247I
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