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Armadillo repeat-containing protein 8 (ARMc8) is a key factor in regulating cell migration, proliferation, tis-
sue maintenance, and tumorigenesis. However, its role in bladder cancer remains unknown. Thus, in this study 
we sought to investigate the effect of ARMc8 on the epithelial-to-mesenchymal transition (EMT) progress in 
bladder cancer cells induced by transforming growth factor-b1 (TGF-b1). Our results found that ARMc8 was 
highly expressed in bladder cancer cell lines. ARMc8 silencing inhibited the TGF-b1-induced migration and 
invasion and suppressed the EMT progress in bladder cancer cells. Furthermore, ARMc8 silencing inhibited 
the TGF-b1-induced expression of b-catenin, cyclin D1, and c-myc in bladder cancer cells. In conclusion, 
the present study demonstrates a novel function for ARMc8, which acts as a mediator for TGF-b1-induced 
cell migration/invasion through modulation of the Wnt/b-catenin signaling pathway in bladder cancer cells. 
This study suggests that ARMc8 may be a potential therapeutic target for the development of therapies for 
bladder cancer.

Key words: Armadillo repeat-containing protein 8 (ARMc8); Bladder cancer;  
Transforming growth factor-b1 (TGF-b1); Epithelial-to-mesenchymal transition (EMT)

INTRODUCTION

Bladder cancer is the most common malignant tumor 
affecting the urinary system, and the incidence of bladder 
cancer has been rising steadily during the past decades 
(1). Although great progress has been made in diagnostic 
intensity and treatment, the prognosis for patients with 
advanced bladder cancer remains dismal (2–4). Thus, the 
identification of the molecular mechanism during blad-
der cancer progression may provide patients with novel 
diagnostic and therapeutic strategies.

Epithelial-to-mesenchymal transition (EMT) is con-
sidered to be the key step by which tumor cells gain the 
higher ability of invasiveness and metastasis. It is char-
acterized by the loss of epithelial characteristics and the 
acquisition of a motile, invasive, and migratory mesen-
chymal phenotype (5). Transforming growth factor-b1 
(TGF-b1), a multifunctional cytokine, was found to 
induce EMT in tumor cells (6–8). Therefore, inhibition of 

TGF-b1-induced EMT may be a therapeutic approach for 
the treatment of bladder cancer.

Armadillo repeat-containing protein 8 (ARMc8) is 
a novel armadillo repeat-containing protein that is con-
served in eukaryotes. Previous studies have demonstrated 
that ARMc8 plays an important role in regulating cell 
migration, proliferation, tissue maintenance, and tumor
igenesis (9–11). A study by Jiang et al. showed that 
ARMc8 promoted the invasiveness and migration capaci-
ties of colon cancer cells, while ARMc8 siRNA treatment 
significantly reduced the invasion and migration in colon 
cancer cells (12). Zhao et al. reported that knockdown 
of Armc8 expression significantly inhibited the invasive 
ability and upregulated E-cadherin expression in HepG2 
cells (13). However, its role in bladder cancer remains 
unknown. Thus, in this study we sought to investigate the 
effect of ARMc8 on EMT progress in bladder cancer cells 
induced by TGF-b1.
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MATERIALS AND METHODS

Cell Culture and Treatment

Human bladder cancer cell lines (BIU-87, UMUC3, 
and 5637) and normal bladder epithelial cell (SV-HUC-1) 
were purchased from the American Type Culture Col
lection (ATCC; Manassas, VA, USA). They were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, Grand Island, NY, USA) supplemented with 10% 
fetal bovine serum (FBS; Gibco), 100 U/ml penicillin, 
and 100 U/ml streptomycin under a humidified incubator 
that was maintained at 37°C and supplied with 5% CO2 
and 95% air. The bladder cancer cells were then treated 
with TGF-b1 (10 ng/ml) for different times.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from bladder cancer cells with 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. About 5 μg of total 
RNA for each sample was reverse transcribed into first-
strand cDNA for qRT-PCR analysis. The primer sequences 
used were as follows: ARMc8, 5¢-GTGTAGAGCTGGA 
GCAATTCGG-3¢ (forward) and 5¢-AGGCAAGTGTCTC 
AGCTCCTTCGTCCCCTCGAGGAGTTGTGT-3 ¢ 
(reverse); and b-actin, 5¢-CATGTACGTTGCTATCCAGG 
C-3¢ (forward) and 5¢-CTCCTTAATGTCACGCACGAT-3¢ 
(reverse). The steps in the qRT-PCR were performed as fol-
lows: 94°C for 2 min for initial denaturation; 94°C for 30 s,  
59°C for 15 s, and 72°C for 15 s; 2 s was used for plate 
reading for 35 cycles; and a melt curve was generated from 
65°C to 95°C. For relative quantification, the levels of indi-
vidual gene mRNA transcripts were calculated using the 
2−DDCt method.

Western Blot

Cells were homogenized and lysed with RIPA lysis 
buffer (100 mM NaCl, 50 mM Tris-HCl, pH 7.5, 1% 
Triton X-100, 1 mM EDTA, 10 mM b-glycerophosphate, 
2 mM sodium vanadate, and protease inhibitor). Proteins 
(30 μg per lane) were separated by 10% sodium dode-
cyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transfected onto a nitrocellulose membrane 
(Millipore, Boston, MA, USA). The membrane was blocked 
with 5% nonfat milk solution for 1 h, followed by incuba-
tion with primary monoclonal antibody against ARMc8, 
E-cadherin, N-cadherin, b-catenin, cyclin D1, and c-myc 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) over-
night at 4°C. Following three washes with TBST buffer, 
the blots were washed and incubated with horserad-
ish peroxidase-conjugated secondary antibody (Santa 
Cruz Biotechnology). Protein bands were evaluated by 
enhanced chemiluminescence (Thermo Fisher Scientific, 
Rockford, IL, USA).

Transfection of siRNA Against AMRc8

The small interfering RNA against AMRc8 (si-
AMRc8) and its negative control siRNA (si-NC) were 
obtained from Shanghai Sangon Co. Ltd (Shanghai, 
P.R. China). For in vitro transfection, si-AMRc8 or 
si-NC was transfected into bladder cancer cells using 
Lipofectamine 2000 transfection reagent (Invitrogen) 
according to the manufacturer’s instructions. siRNA 
knockdown efficiency was verified by Western blot 
detection of AMRc8 expression.

Cell Migration and Invasion Assays

Cell migration was performed in modified Boyden 
chambers with 8-mm pore filter inserts in 24-well plates 
(BD Biosciences, Eugene, OR, USA). Briefly, UMUC3 
cells (1 × 105 cells/well) transfected with si-AMRc8 or 
si-NC were seeded onto the upper chamber containing 
serum-free culture medium. The lower compartment of 
the chamber was filled with culture medium contain
ing  10% FBS. The chambers were then cultivated in 
5% CO2 at 37°C for 24 h. All nonmigrant cells were 
removed from the upper faces of the Transwell mem-
branes with a cotton swab, and cells on the lower filters 
were fixed with 95% methanol, stained with 0.1% crys-
tal violet, and then counted in five random fields per 
well under a light microscope (magnification: 100×). 
The invasion assay was done using the same procedure, 
except that the membrane was precoated with 100 ml 
of Matrigel (BD Biosciences, San Jose, CA, USA) at a 
1:4 dilution in DMEM to form a genuine reconstituted 
basement membrane.

Statistical Analysis

All results are reported as means ± SD. Statistical 
analysis involved using the Student’s t-test for compari-
son of two groups or one-way ANOVA for multiple com-
parisons. A value of p < 0.05 was considered to indicate a 
statistically significant difference.

RESULTS

ARMc8 is Highly Expressed in Bladder Cancer 
Cell Lines

The expression levels of ARMc8 were detected in 
human bladder cancer cell lines and human normal blad-
der epithelial cell line. The results of the qRT-PCR analy-
sis demonstrated that ARMc8 mRNA expression was 
higher in bladder cancer cell lines than that in normal 
bladder epithelial cell line (Fig. 1A). Consistent with the 
results of the qRT-PCR analysis, Western blot analysis 
showed that ARMc8 protein expression was significantly 
increased in bladder cancer cell lines, compared with the 
SV-HUC-1 group (Fig. 1B).
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ARMc8 Silencing Inhibits TGF-b1-Induced EMT in 
Bladder Cancer Cells

To evaluate the effect of ARMc8 in bladder cancer 
carcinogenesis, we created stable bladder cancer cells 
with knockdown of ARMc8. The results of the Western 
blot analysis demonstrated that si-ARMc8 significantly 
decreased endogenous ARMc8 protein expression in 
bladder cancer cells, compared with the si-NC group 
(Fig. 2A). We next evaluated the effect of ARMc8 
on EMT progress in bladder cancer cells induced by 
TGF-b1. As indicated in Figure 2B, TGF-b1 treatment 
significantly increased the expression of N-cadherin and 

Figure 1.  ARMc8 is highly expressed in bladder cancer cell 
lines. (A) The expression of ARMc8 mRNA was evaluated in 
bladder cancer cell lines and normal bladder epithelial cell line 
by qRT-PCR analysis. (B) The expression of ARMc8 protein 
was evaluated in bladder cancer cell lines and normal bladder 
epithelial cell line by Western blot analysis. *p < 0.05 versus 
SV-HUC-1 group.

Figure 2.  ARMc8 silencing inhibits TGF-b1-induced EMT 
in bladder cancer cells. (A) The transfection efficiency was 
confirmed by Western blot analysis in UMUC3 cells after 
transfection with si-AMRc8. (B) UMUC3 cells transfected 
with si-AMRc8 or si-NC were treated with TGF-b1 (10 ng/
ml) for 24 h. The protein expression levels of E-cadherin 
and N-cadherin were detected by Western blot analysis. 
Quantification analysis was performed using the Gel-Pro 
Analyzer version 4.0 software. *p < 0.05 versus control group, 
#p < 0.05 versus TGF-b1 + si-NC group.
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reduced the expression of E-cadherin; however, ARMc8 
silencing dramatically inhibited TGF-b1-mediated upre
gulation of N-cadherin and repression of E-cadherin in 
UMUC3 cells.

ARMc8 Silencing Inhibits TGF-b1-Induced 
Migration and Invasion in Bladder Cancer Cells

We performed Transwell assays to measure the effects 
of ARMc8 on cell migration and invasion in bladder 
cancer cells induced by TGF-b1. The results revealed 
that treatment with TGF-b1 greatly promoted UMUC3 
cell migration; however, ARMc8 silencing signifi-
cantly inhibited TGF-b1-induced migration (Fig.  3A). 
In addition, we observed that ARMc8 silencing also 
dramatically inhibited UMUC3 cell invasion induced 
by TGF-b1 (Fig. 3B).

ARMc8 Silencing Inhibits the Activation  
of Wnt/b-Catenin Signaling Pathway in Bladder  
Cancer Cells Induced by TGF-b1

To elucidate the mechanism of si-ARMc8-inhibited  
EMT in bladder cancer cells induced by TGF-b1, we 
tested the effect of si-ARMc8 on the activation of  
Wnt/b-catenin signaling pathway signaling. As shown 
in Figure 4, TGF-b1 treatment significantly increased the 
expression of b-catenin, cyclin D1, and c-myc in UMUC3 
cells. At the same time, ARMc8 silencing obviously 
inhibited the TGF-b1-induced expression of b-catenin, 
cyclin D1, and c-myc in UMUC3 cells.

DISCUSSION

In the present study, we found that ARMc8 was highly 
expressed in bladder cancer cell lines. ARMc8 silencing 
inhibited TGF-b1-induced migration and invasion, as 
well as suppressed the EMT progress in bladder cancer 
cells. Furthermore, ARMc8 silencing inhibited the TGF-
b1-induced expression of b-catenin, cyclin D1, and c-myc 
in bladder cancer cells.

Several studies showed that ARMc8 plays a criti-
cal role in the development of cancer. Upregulation of 
ARMc8 is observed in various tumors. A recent study 
showed that the expression of ARMc8 was obviously 
upregulated in ovarian cancer and the bordering ovarian 
tumor tissues, in comparison with benign ovarian tumors 
and normal ovarian tissues (14). Elevated expression of 
ARMc8 was also found in breast carcinoma compared to 
that in normal breast epithelia (15). In accordance with 
previous studies, results of the present study demon-
strated, for the first time, that ARMc8 is highly expressed 
in bladder cancer cell lines, suggesting that ARMc8 may 
be an oncogene in the development and progression of 
bladder cancer.

EMT is a major phenotype of cancer metastasis 
and invasion (16). TGF-b1 is the major cytokine that 

induces EMT during cancer progression and metas-
tasis (17). In line with these results, we observed that 
TGF-b1 treatment significantly promoted the migra-
tion/invasion and EMT progress in bladder cancer cells, 
and ARMc8 silencing inhibited the TGF-b1-induced 
migration and invasion, as well as suppressed the EMT 
progress in bladder cancer cells. These data suggest that 
ARMc8 silencing inhibited the TGF-b1-induced EMT, 
consequently affecting bladder cancer cell migration 
and invasion in vitro.

Figure 3.  ARMc8 silencing inhibits TGF-b1-induced migration 
and invasion in bladder cancer cells. UMUC3 cells transfected 
with si-AMRc8 or si-NC were treated with TGF-b1 (10 ng/ml) for 
24 h. (A) Cell migration was detected by Transwell assay. (B) Cell 
invasion was detected by Transwell assay with Matrigel. *p < 0.05 
versus control group, #p < 0.05 versus TGF-b1 + si-NC group.



THE ROLE OF ARMc8 IN BLADDER CANCER CELLS	 103

The Wnt/b-catenin signaling pathway is well known 
for its involvement in cancer progression and metastasis. 
b-Catenin is a critical molecule in Wnt signaling, which 
is implicated in the pathogenesis of human malignancies 
(18–20). Several studies showed that nuclear b-catenin 
was highly expressed in bladder cancer cells (21,22). 
Activation of Wnt signaling induces the nuclear trans-
location of b-catenin, which not only initiates a cascade 
of downstream gene transcription, including cyclin D1, 
c-myc, and MMP, but also increases the expression of the 
EMT regulators Snail and vimentin in cancer cells (23). 
Previous studies have shown that TGF-b1 can induce 

b-catenin, and constitutively, active b-catenin can cause 
cancer cell migration and invasion. Furthermore, pharma-
cologic inhibition of the Wnt/b-catenin pathway resulted 
in a blockade of the TGF-b1-induced EMT (24,25). Ren et 
al. reported that FH535, a reversible Wnt signaling inhib-
itor, could inhibit the TGF-b1-induced EMT phenotype 
and tumor metastasis of the A549 cell line both in vitro 
and in vivo (26). Very interestingly, one study reported 
that ARMC8a knockdown downregulated canonical Wnt 
signaling pathway activity and cyclin D1 and MMP-7 
expression, and ARMC8a overexpression upregulated 
canonical Wnt signaling pathway activity and cyclin D1 

Figure 4.  ARMc8 silencing inhibits the activation of Wnt/b-catenin signaling pathway in bladder cancer cells induced by TGF-b1. 
(A) UMUC3 cells transfected with si-AMRc8 or si-NC were treated with TGF-b1 (10 ng/ml) for 30 min. The protein expression levels 
of b-catenin, cyclin D1, and c-myc were evaluated by Western blot analysis. (B) Quantification analysis was performed using the Gel-
Pro Analyzer version 4.0 software. *p < 0.05 versus control group, #p < 0.05 versus TGF-b1 + si-NC group.
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and MMP-7 expression in human NSCLC cells (27). In 
this study, we observed that TGF-b1 treatment strongly 
induced the expression of b-catenin, cyclin D1, and 
c-myc in bladder cancer cells, while ARMc8 silencing 
obviously inhibited these effects. These results suggest 
that ARMc8 silencing inhibits TGF-b1-induced EMT 
phenotype through inactivation of the Wnt/b-catenin sig-
naling pathway in bladder cancer cells.

In conclusion, the present study demonstrates a novel 
function for ARMc8, which acts as a mediator for TGF-
b1-induced cell migration/invasion through modulation 
of the Wnt/b-catenin signaling pathway in bladder cancer 
cells. This study suggests that ARMc8 may be a potential 
therapeutic target for the development of therapies for 
bladder cancer.

ACKNOWLEDGMENT: The authors declare no conflicts of 
interest.

REFERENCES
Torre, L. A.; Bray, F.; Siegel, R. L.; Ferlay, J.; Lortet-  1.	
Tieulent, J.; Jemal, A. Global cancer statistics, 2012. CA 
Cancer J. Clin. 65:87–108; 2015.
Kluth, L. A.; Black, P. C.; Bochner, B. H.; Catto, J.;   2.	
Lerner,  S. P.; Stenzl, A.; Sylvester, R.; Vickers, A. J.; 
Xylinas, E.; Shariat, S. F. Prognostic and prediction tools in 
bladder cancer: A comprehensive review of the literature. 
Eur. Urol. 68:238–253; 2015.
James, N. D.; Hussain, S. A.; Hall, E.; Jenkins, P.;   3.	
Tremlett,  J.; Rawlings, C.; Crundwell, M.; Sizer, B.; 
Sreenivasan, T.; Hendron, C. Radiotherapy with or without 
chemotherapy in muscle-invasive bladder cancer. N. Engl. 
J. Med. 366:1477–1488; 2012.
Cheung, G.; Sahai, A.; Billia, M.; Dasgupta, P.; Khan, M. S.   4.	
Recent advances in the diagnosis and treatment of bladder 
cancer. BMC Med. 11:13; 2013.
Kalluri, R.; Weinberg, R. A. The basics of epithelial-  5.	
mesenchymal transition. J. Clin. Invest. 119:1420–1428; 
2009.
Han, X.; Yan, S.; Weijie, Z.; Feng, W.; Liuxing, W.; Mengquan,   6.	
L.; Qingxia, F. Critical role of miR-10b in transforming growth 
factor-b1-induced epithelial-mesenchymal transition in breast 
cancer. Cancer Gene Ther. 21:60–67; 2014.
Saito, R.-A.; Watabe, T.; Horiguchi, K.; Kohyama, T.;   7.	
Saitoh, M.; Nagase, T.; Miyazono, K. Thyroid transcription 
factor-1 inhibits transforming growth factor-b-mediated 
epithelial-to-mesenchymal transition in lung adenocarci-
noma cells. Cancer Res. 69:2783–2791; 2009.
Borthwick, L. A.; Gardner, A.; De Soyza, A.; Mann, D.   8.	
A.; Fisher, A. J. Transforming growth factor-b1 (TGF-b1) 
driven epithelial to mesenchymal transition (EMT) is 
accentuated by tumour necrosis factor a (TNFa) via cross-
talk between the SMAD and NF-kB pathways. Cancer 
Microenviron. 5:45–57; 2012.
Zhou, D.; Zhang, W.; Wang, Y.; Chen, L.; Luan, J. ARMc8:   9.	
A potential diagnostic and therapeutic target for cancers. 
Hum. Pathol. 2016.
Tomaru, K.; Ueda, A.; Suzuki, T.; Kobayashi, N.; Yang, J.; 10.	
Yamamoto, M.; Takeno, M.; Kaneko, T.; Ishigatsubo, Y. 
Armadillo repeat containing 8a binds to HRS and promotes 

HRS interaction with ubiquitinated proteins. Open Biochem. 
J. 4; 2010.
Tewari, R.; Bailes, E.; Bunting, K. A.; Coates, J. C. 11.	
Armadillo-repeat protein functions: Questions for little 
creatures. Trends Cell Biol. 20:470–481; 2010.
Jiang, G.; Zhang, Y.; Zhang, X.; Fan, C.; Wang, L.; Xu, H.; 12.	
Yu, J.; Wang, E. ARMc8 indicates aggressive colon cancers 
and promotes invasiveness and migration of colon cancer 
cells. Tumor Biol. 36:9005–9013; 2015.
Zhao, Y.; Peng, S.; Jia, C.; Xu, F.; Xu, Y.; Dai, C. ARMc8 13.	
regulates the invasive ability of hepatocellular carcinoma 
through E-cadherin/catenin complex. Tumor Biol. 1–6; 
2016.
Jiang, G.; Yang, D.; Wang, L.; Zhang, X.; Xu, H.; Miao, Y.; 14.	
Wang, E.; Zhang, Y. A novel biomarker ARMc8 promotes 
the malignant progression of ovarian cancer. Hum. Pathol. 
46:1471–1479; 2015.
Fan, C.; Zhao, Y.; Mao, X.; Miao, Y.; Lin, X.; Jiang, G.; 15.	
Zhang, X.; Han, Q.; Luan, L.; Wang, E. ARMc8 expression 
was elevated during atypia-to-carcinoma progression and 
associated with cancer development of breast carcinoma. 
Tumor Biol. 35:11337–11343; 2014.
Yang, J.; Weinberg, R. A. Epithelial-mesenchymal transi-16.	
tion: At the crossroads of development and tumor metasta-
sis. Dev. Cell 14:818–829; 2008.
Moustakas, A.; Heldin, C. H. Signaling networks guiding 17.	
epithelial–mesenchymal transitions during embryogen-
esis and cancer progression. Cancer Sci. 98:1512–1520; 
2007.
Urakami, S.; Shiina, H.; Enokida, H.; Kawakami, T.; 18.	
Tokizane, T.; Ogishima, T.; Tanaka, Y.; Li, L.-C.; Ribeiro-
Filho, L. A.; Terashima, M. Epigenetic inactivation of Wnt 
inhibitory factor-1 plays an important role in bladder can-
cer through aberrant canonical Wnt/b-catenin signaling 
pathway. Clin. Cancer Res. 12:383–391; 2006.
Clevers, H.; Nusse, R. Wnt/19.	 b-catenin signaling and disease. 
Cell 149:1192–1205; 2012.
Ying, Y.; Tao, Q. Epigenetic disruption of the wnt/20.	 b-catenin 
signaling pathway in human cancers. Epigenetics 4:307–
312; 2009.
Del Muro, X. G.; Torregrosa, A.; Munoz, J.; Castellsague, 21.	
X.; Condom, E.; Vigues, F.; Arance, A.; Fabra, A.; Germa, 
J. Prognostic value of the expression of E-cadherin and 
b-catenin in bladder cancer. Eur. J. Cancer 36:357–362; 
2000.
Shiina, H.; Igawa, M.; Shigeno, K.; Terashima, M.; 22.	
Deguchi, M.; Yamanaka, M.; Ribeiro-Filho, L.; Kane, C. 
J.; Dahiya, R. b-Catenin mutations correlate with over 
expression of c-myc and cyclin d1 genes in bladder cancer. 
J. Urol. 168:2220–2226; 2002.
Kahlert, U. D.; Maciaczyk, D.; Doostkam, S.; Orr, B. A.; 23.	
Simons, B.; Bogiel, T.; Reithmeier, T.; Prinz, M.; Schubert, J.; 
Niedermann, G. Activation of canonical Wnt/b-catenin sig-
naling enhances in vitro motility of glioblastoma cells by 
activation of ZEB1 and other activators of epithelial-to-
mesenchymal transition. Cancer Lett. 325:42–53; 2012.
Kim, J.; Kim, S. H. CK2 inhibitor CX-4945 blocks TGF-24.	
b1-induced epithelial-to-mesenchymal transition in A549 
human lung adenocarcinoma cells. PLoS One 8:e74342; 
2013.
Wang, H.; Zhang, H.; Tang, L.; Chen, H.; Wu, C.; 25.	
Zhao, M.; Yang, Y.; Chen, X.; Liu, G. Resveratrol inhibits 
TGF-b1-induced epithelial-to-mesenchymal transition and 



THE ROLE OF ARMc8 IN BLADDER CANCER CELLS	 105

suppresses lung cancer invasion and metastasis. Toxicology 
303:139–146; 2013.
Ren, J.; Wang, R.; Huang, G.; Song, H.; Chen, Y.; Chen, L. 26.	
sFRP1 inhibits epithelial–mesenchymal transition in A549 
human lung adenocarcinoma cell line. Cancer Biother. 
Radiopharm. 28:565–571; 2013.

Xie, C.; Jiang, G.; Fan, C.; Zhang, X.; Zhang, Y.; Miao, Y.; 27.	
Lin, X.; Wu, J.; Wang, L.; Liu, Y. ARMc8a promotes pro-
liferation and invasion of non-small cell lung cancer cells 
by activating the canonical Wnt signaling pathway. Tumor 
Biol. 35:8903–8911; 2014.




