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Summary

Purpose: Epithelial-to-mesenchymal transition (EMT)-
related factors are known to contribute to the invasion and 
migration of multiple cancers. However, the expression lev-
els of and the relationship between TWIST, E-cadherin, and 
beta-catenin in bladder cancer are not yet known. Therefore, 
this study investigated the relationship between TWIST, E-
cadherin, and beta-catenin in tissue specimens and cell lines 
of bladder cancer.

Methods: Microarrays of bladder cancer tissue and 
bladder cancer cell lines were used to study the expression 
levels of TWIST, E-cadherin, and beta-catenin, with disease 
stage and grade using immunohistochemistry. Moreover, the 
siRNAs of TWIST, E-cadherin, and beta-catenin were trans-
fected into the bladder cancer cell lines to study any relation-
ship between these factors.

Results: The levels of TWIST and beta-catenin were up-
regulated with increasing grade of malignancy. In contrast, 
the corresponding results for E-cadherin were just the oppo-
site. Furthermore, inhibition of the expression of TWIST ele-
vated the expression of E-cadherin, but reduced the expression 
of beta-catenin. However, reduction of beta-catenin by siRNA 
had no influence on TWIST, but up-regulated the expression 
of E-cadherin.

Conclusion: TWIST may act upstream of E-cadherin, 
which can indirectly regulate the expression levels of beta-
catenin. The EMT factors TWIST, E-cadherin, and beta-
catenin may be a cluster of biomarkers for the metastatic pro-
gression of bladder cancer.
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Introduction

Bladder cancer is one of the most common cancers 
worldwide. Numerous factors, including genetic poly-
morphisms and genetic and epigenetic alterations, are 
involved in the tumorigenesis, progression, and metas-
tasis of bladder cancer [1]. Most cases are of transitional 
histology; 75% of the patients have non-muscle invasive 
disease, and 20-30% are muscle-invasive cancers [2]. 
Despite good prognosis for non-muscle invasive patients, 
recurrence is common, and up to 30% of recurrences 
progress to a muscle-invasive condition [2]. Approxi-
mately 50% of the patients with muscle-invasive can-

cer, including those who progress to this state from non-
muscle invasive disease, already harbor occult distant 
metastases and display a poor 5-year survival rate [3]. 
Therefore, defining the role of various genes involved in 
tumorigenesis and tumor progression is important.

It is well known that survival depends on the grade 
and stage of bladder cancer [4]. Moreover, research 
shows that multiple tumor-associated proteins are as-
sociated with the grade of malignancy in bladder can-
cer. Recently, the expressions of TWIST and E-cadherin 
were reported to be associated with survival of bladder 
cancer patients [5,6]. TWIST, a basic helix-loop-helix 
transcription factor, has been shown to play a key role 
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TSGH8301, BFTC905, HT1376, HT1197 and TCC-
SUP purchased from American Type Culture Collection 
(ATCC), were cultured in Dulbecco’s modified Eagle’s 
medium (Gibco BRL, Grand Island, NY) supplemented 
with 10% fetal bovine serum, penicillin (200 U/ml) and 
streptomycin (100 ug/ml) at 37° C in 5% CO2.

Bladder cancer tissue microarray slides (BL1002), 
purchased from U.S. Biomax (Rockville, MD) con-
tained 40 cases of human bladder carcinoma and 10 
cases of normal tissues with duplicate cores. The patho-
logic diagnosis of each sample was determined from 
the manufacturer’s data sheet (http://www.biomax.us/
tissue-arrays/Bladder/BL1002).

Western blotting

Cells were lysed in M-PER lysis buffer (Thermo 
Scientific, Rockford, USA) containing a protease in-
hibitor cocktail (Roche Diagnostics, Mannheim, Ger-
many) and the total lysate was separated by SDS-PAGE 
and immunoblotted with TWIST (Santa Cruz Bio. Inc., 
Santa Cruz, CA), E-cadherin (BD Biosciences, Mis-
sissauga, ON, Canada), beta-catenin (BD Biosciences, 
Mississauga, ON, Canada), beta-actin (Santa Cruz Bio. 
Inc., Santa Cruz, CA) and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) (Santa Cruz Bio. Inc., Santa 
Cruz, CA) antibodies. Rabbit antiserum (Santa Cruz 
Bio. Inc., Santa Cruz, CA) was used as secondary an-
tibody for detection of TWIST, and mouse antiserum 
(Santa Cruz Bio. Inc., Santa Cruz, CA) was used for 
the detection of E-cadherin, beta-catenin and GAPDH. 
The expression of GAPDH was used as internal control.

Immunohistochemistry for TWIST, E-cadherin and 
beta-catenin

The immunohistochemistry was performed as 
previously described [25]. The tissue microarray slides 
were stained with primary antibodies (anti-TWIST an-
tibody, anti-E-cadherin antibody and anti-beta-catenin 
antibody) and further counterstained with hematoxy-
lin. All immunohistochemical steps were carried out 
according to the manufacturer’s instructions by using a 
LSAB kit (Dako, Glostrup, Denmark). To confirm the 
expression of TWIST, E-cadherin, and beta-catenin in 
vivo, human bladder cancer (80 samples in 40 cases) 
and normal (20 samples in 10 cases) tissue specimen 
microarrays (purchased from GenDiscovery Biotech-
nology, Inc., USA) were used, comprising 20 samples 
of normal, 22 of stage 1, 34 of stage 2, 22 of stage 3, and 
1 of stage 4 tumors. Immunohistochemistry was used to 
determine the expressions of TWIST, E-cadherin, and 
beta-catenin (Figure 1).

in the metastatic progression and advanced tumor stage 
of several types of human cancers [7-11]. One of the 
mechanisms reportedly responsible for the positive ef-
fect of TWIST on metastasis is its ability to promote 
EMT, which is a key step during embryonic morpho-
genesis and was recently implicated in the metastatic 
process of several malignancies [12-14]. One of the 
hallmarks of EMT is the loss of E-cadherin, a central 
component of cell-cell adhesion junctions, the loss of 
which has been found frequently in metastatic tumors 
[15]. Several studies reported that TWIST-induced me-
tastasis is associated with down-regulation of E-cad-
herin [6,13,15-17].

In addition, EMT is characterized by a switch in 
beta-catenin location and function, changing from act-
ing as an integral junction-complex component in epi-
thelial cells to forming an active bipartite complex with 
members of the lymphoid-enhancer factor family of 
DNA-binding proteins, which then translocates into 
the nucleus and transactivates target genes that include 
oncogenes and tumor suppressors [18]. Activated beta-
catenin signaling is implicated in the genesis of a variety 
of tumors. In epithelial cells, the association of the cad-
herin/catenin complex with the cytoskeleton is essential 
for tight cell-cell interaction. However, down-regula-
tion of cadherins results in the separation of neighboring 
cells, a phenomenon that is observed during embryonic 
development at the EMT of forming mesoderm, as well 
as in tumor cells, allowing their invasion and dissemi-
nation throughout the body [19-21]. In addition, E-cad-
herin reportedly acts as an inhibitor of beta-catenin/T-
cell transcription factor (TCF)-mediated transcription 
by sequestering beta-catenin at the plasma membrane 
[22]. Loss of E-cadherin is frequent in transitional cell 
carcinoma (TCC)[23]. Moreover, E-cadherin is demon-
strably involved in the inhibition of WNT /beta-catenin 
signaling between the TCC lines [24]. Up-regulation 
of E-cadherin can inhibit cell invasion and migration 
in TCC lines [5].

The relationships between TWIST, E-cadherin, 
and beta-catenin have not yet been clarified. Therefore, 
we undertook this study speculating that TWIST, E-cad-
herin, and beta-catenin may be involved in the tumori-
genesis and metastatic progression of TCC.

Methods

Cell culture for 5637, TSGH8301, BFTC905, HT1376, 
HT1197 and TCCSUP cell lines and human bladder 
cancer tissue microarray

Human bladder cancer cell lines, including 5637, 
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characteristics compared with the original tumor the 
expression profiles of TWIST, E-cadherin, and beta-
catenin showed a tendency to increase or decrease in 
a grade-dependent manner (Figure 2), but with lack of 
integrity.

The expression of TWIST and beta-catenin showed 
a tendency to increase in a stage-dependent manner (es-
pecially in stage 1 and 2; p < 0.001 for normal tissue vs. 
stages 1, 2, and 3) in human bladder specimens (Figure 
3). In contrast, the expression of E-cadherin had a ten-
dency to decrease in a stage-dependent manner (Figure 
3; p < 0.001 for normal tissue vs. stage 3). However, the 
expression of these factors showed no correlation with 
the grade (data not shown).

The relationship between TWIST, E-cadherin and beta-
catenin in human bladder cancer cell lines

TWIST and beta-catenin expressions in human 
bladder specimens and cancer cell lines showed a trend 
for elevation (Figures 2 and 3). To reveal the relation-
ship between TWIST, E-cadherin, and beta-catenin, 
siRNA of TWIST and beta-catenin knockdown was 
used. The expressions of TWIST and beta-catenin in 
TWIST, E-cadherin, and beta-catenin siRNA-knock-
down cells were confirmed by Western blotting (Figure 
4). All the expressions of TWIST, E-cadherin, and beta-
catenin were determined, and we found that knocked-
down TWIST could up-regulate the expression of E-
cadherin, but suppress the expression of beta-catenin 
(Figure 4). Knockdown of the expression of E-cadherin 
could elevate the expression of beta-catenin but had no 
influence on TWIST. In addition, decrease of the beta-
catenin in siRNA-knockdown cells could not influence 

siRNAs and transfection

The siRNA plasmid construction of TWIST, E-
cadherin and beta-catenin were obtained from the Na-
tional RNAi Core Facility, Taiwan. The siRNA was 
transfected into human bladder cell lines (5637 cells) 
with lipofectamine 2000 (Invitrogen, CA, USA), and 
the expression levels of the proteins were detected by 
Western blotting after 48 h post-transfection.

Statistical analysis

The results were expressed as means ± standard 
error of mean (SEM) for each experiment. Compari-
sons between groups were performed by Student’s t-
test. P-values less than 0.05 were considered statisti-
cally significant.

Results

The expression levels of TWIST, E-cadherin, and beta-
catenin in human bladder cancer cell lines

Human bladder cell lines were divided into 3 groups 
by tumor grade with the original operative specimen de-
scribed in the ATCC illustration. The expression levels of 
TWIST, E-cadherin, and beta-catenin were determined 
by Western blotting. Both TWIST and beta-catenin had a 
tendency to increase in a grade-dependent manner (Fig-
ure 2). On the contrary, the expression of E-cadherin de-
creased in a grade-dependent manner (Figure 2).

The expression levels of TWIST, E-cadherin and beta-
catenin in vivo with human bladder tissue microarray

Because cultured cell lines often have different 

Figure 1. Detection of the expression of TWIST, E-cadherin, and 
beta-catenin in human bladder specimens. The human bladder 
cancer tissue microarray was used to determine the expression of 
TWIST, E-cadherin, and beta-catenin by immunostaining including 
20 samples of normal, 22 of stage 1, 34 of stage 2, and 22 of stage 3 
disease; 3 of the specimens are shown.
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Figure 2. TWIST, E-cadherin, and beta-catenin expressions in mul-
tiple human bladder-cancer cell lines. The total protein collected 
from various human bladder-cancer cell lines were determined with 
Western blotting using anti-TWIST, -E-cadherin, -beta-catenin, and 
-beta-actin antibodies. The beta-actin was used as an internal control.
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In addition, E-cadherin reportedly acts as an inhibitor 
of beta-catenin/TCF-mediated transcription by seques-
tering beta-catenin at the plasma membrane [22,26]. 
E-cadherin is also involved in the inhibition of WNT/
beta-catenin signaling in bladder cancer cell lines [24]. 
Up-regulation and/or activation of beta-catenin signal-
ing have been implicated in the progression of a variety 
of tumors [22]. The findings of our study are consistent 
with previous reports that the expression levels corre-
lated with tumor stage with an elevation in TWIST and 
beta-catenin and a decrease in E-cadherin expression 
[6,13,15-17]. Most importantly, we provided a global 
view of the expressions of TWIST, E-cadherin, and be-
ta-catenin in human bladder cancer.

Furthermore, the relationship between TWIST 
and E-cadherin and E-cadherin and beta-catenin, sepa-
rately has been reported by several authors [6,26,27]. 
However, to date, no study has reported the relation-
ship between TWIST, E-cadherin, and beta-catenin. 
In the present study, we demonstrated that TWIST 
acts up-stream of E-cadherin and beta-catenin. More-
over, down-regulation of E-cadherin could up-regu-
late the expression of beta-catenin and has no influ-
ence on TWIST. Similarly, knockdown of beta-catenin 
with siRNA showed no influence on the expression of 
TWIST. Knockdown of beta-catenin with siRNA could 
up-regulate the expression of E-cadherin in human 
bladder cancer cells. However, the E-cadherin promot-
er can bind to the beta-catenin/lymphoid enhancer fac-
tor (LEF)-1 complex to regulate the transcription of E-
cadherin. Therefore, the E-cadherin itself is reportedly 
a target of beta-catenin [28], and this finding was iden-
tical to our results. In brief, TWIST, E-cadherin, and 
beta-catenin may represent a cascade, and TWIST can 
up-regulate the expression of beta-catenin to promote 
highly aggressive cancers through E-cadherin suppres-
sion in human bladder cancer. Our findings may provide 
a new strategy for the study of anti-invasive cancer tar-
geting therapies.

the expression of TWIST. The expression of E-cadherin 
was up-regulated in the beta-catenin-knockdown cells 
(Figure 4).

Discussion

This study demonstrated that the expressions of 
TWIST and beta-catenin have a positive correlation/
tendency with the stage progression of human bladder 
cancer. However, the expression of E-cadherin has a 
negative correlation/tendency with the stage progres-
sion of bladder cancer. Moreover, we demonstrated 
that TWIST is the up-stream of E-cadherin and could 
elevate beta-catenin expression through reduction of 
E-cadherin. Therefore, TWIST, E-cadherin, and beta-
catenin may be used as pathologic markers for a stage-
progression prediction. However, more analyses are 
required to support/confirm these findings with a larg-
er cohort of studies in bladder cancer or other cancers.

Several studies have revealed that TWIST-in-
duced metastasis is associated with down-regulation of 
E-cadherin, indicating its involvement in TWIST-medi-
ated metastasis in multiple human cancers [6,13,15-17]. 

Figure 3. The expression level of TWIST, E-cadherin, and beta-catenin was quantified using ImageJ software and organized by clinical 
stage. All of the digital images of each specimen were captured and measured as the integrated optical density (IOD), equal to the average 
density x area. **p<0.01 ***p < 0.001.
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Figure 4. The relationship between TWIST, E-cadherin, and beta-
catenin in human bladder-cancer cells. siRNA of TWIST, E-cad-
herin, and beta-catenin was transfected individually into 5,637 hu-
man bladder cancer cell lines. The expression and the relationship 
between TWIST, E-cadherin, and beta-catenin were evaluated by 
Western blotting. GAPDH was used as an internal control.

TWIST

E-cadherin

beta-catenin

GAPDH

Parental si-TWIST
si-E-

cadherin
si-beta-
catenin



737

proteins as a collateral effect of tumor-promoting inactivation 
of premature senescence. Cancer Cell 2008; 14: 79-89.

14. Huber MA, Kraut N, Beug H. Molecular requirements for 
epithelial-mesenchymal transition during tumor progression. 
Curr Opin Cell Biol 2005; 17: 548-558.

15. Thiery JP. Epithelial-mesenchymal transitions in tumour pro-
gression. Nat Rev Cancer 2002; 2: 442-454.

16. Fondrevelle ME, Kantelip B, Reiter RE et al. The expression 
of Twist has an impact on survival in human bladder cancer 
and is influenced by the smoking status. Urol Oncol 2009; 
27: 268-276.

17. Yuen HF, Chua CW, Chan YP et al. Significance of TWIST and 
E-cadherin expression in the metastatic progression of pros-
tatic cancer. Histopathology 2007; 50: 648-658.

18. Kim K, Lu Z, Hay ED. Direct evidence for a role of beta-
catenin/LEF-1 signaling pathway in induction of EMT. Cell 
Biol Int 2002; 26: 463-476.

19. Becker KF, Atkinson MJ, Reich U et al. E-cadherin gene muta-
tions provide clues to diffuse type gastric carcinomas. Cancer 
Res 1994; 54: 3845-3852.

20. Boyer B, Valles AM, Edme N. Induction and regulation of ep-
ithelial-mesenchymal transitions. Biochem Pharmacol 2000; 
60: 1091-1099.

21. Birchmeier W, Hulsken J, Behrens J. E-cadherin as an invasion 
suppressor. Ciba Found Symp 1995; 189: 124-36; discussion 
136-141, 174-176.

22. Stockinger A, Eger A, Wolf J, Beug H, Foisner R. E-cadherin 
regulates cell growth by modulating proliferation-dependent 
beta-catenin transcriptional activity. J Cell Biol 2001; 154: 
1185-1196.

23. Rieger KM, Little AF, Swart JM et al. Human bladder carcino-
ma cell lines as indicators of oncogenic change relevant to uro-
thelial neoplastic progression. Br J Cancer 1995; 72: 683-690.

24. Thievessen I, Seifert HH, Swiatkowski S, Florl AR, Schulz 
WA. E-cadherin involved in inactivation of WNT/beta-catenin 
signalling in urothelial carcinoma and normal urothelial cells. 
Br J Cancer 2003; 88: 1932-1938.

25. Tsai YS, Jou YC, Lee GF et al. Aberrant prothymosin-alpha 
expression in human bladder cancer. Urology 2009; 73: 188-
192.

26. Vaughan KT, Tynan SH, Faulkner NE, Echeverri CJ, Vallee 
RB. Colocalization of cytoplasmic dynein with dynactin and 
CLIP-170 at microtubule distal ends. J Cell Sci 1999; 112 (Pt 
10): 1437-1447.

27. Shimazui T, Schalken JA, Giroldi LA et al. Prognostic value 
of cadherin-associated molecules (alpha-, beta-, and gamma-
catenins and p120cas) in bladder tumors. Cancer Res 1996; 
56: 4154-4158.

28. Huber O, Korn R, McLaughlin J et al. Nuclear localization of 
beta-catenin by interaction with transcription factor LEF-1. 
Mech Dev 1996; 59: 3-10.

Acknowledgement

This study was supported by Chiayi Christian 
Hospital (Grant R98-7) and also by the grant NSC 
99-2314-B-705-002-MY2 of the National Science 
Council, Taiwan, R.O.C. We thank Mr. Kevin Fortune, 
the editor in the Wallace Institute, for his help in editing 
this manuscript.

References

1. Theodorescu D, Wittke S, Ross MM et al. Discovery and vali-
dation of new protein biomarkers for urothelial cancer: a pro-
spective analysis. Lancet Oncol 2006; 7: 230-240.

2. Dinney CP, McConkey DJ, Millikan RE et al. Focus on blad-
der cancer. Cancer Cell 2004; 6: 111-116.

3. Stein JP, Lieskovsky G, Cote R et al. Radical cystectomy in 
the treatment of invasive bladder cancer: long-term results in 
1,054 patients. J Clin Oncol 2001; 19: 666-675.

4. Borden LS Jr, Clark PE, Hall MC. Bladder cancer. Curr Opin 
Oncol 2003; 15: 227-233.

5. Mao Q, Li Y, Zheng X et al. Up-regulation of E-cadherin by 
small activating RNA inhibits cell invasion and migration in 
5637 human bladder cancer cells. Biochem Biophys Res Com-
mun 2008; 375: 566-570.

6. Zhang Z, Xie D, Li X et al. Significance of TWIST expression 
and its association with E-cadherin in bladder cancer. Hum 
Pathol 2007; 38: 598-606.

7. Kyo S, Sakaguchi J, Ohno S et al. High Twist expression is 
involved in infiltrative endometrial cancer and affects patient 
survival. Hum Pathol 2006; 37: 431-438.

8. Kwok WK, Ling MT, Lee TW et al. Up-regulation of TWIST 
in prostate cancer and its implication as a therapeutic target. 
Cancer Res 2005; 65: 5153-5162.

9. Entz-Werle N, Stoetzel C, Berard-Marec P et al. Frequent ge-
nomic abnormalities at TWIST in human pediatric osteosar-
comas. Int J Cancer 2005; 117: 349-355.

10. Elias MC, Tozer KR, Silber JR et al. TWIST is expressed in 
human gliomas and promotes invasion. Neoplasia 2005; 7: 
824-837.

11. Hoek K, Rimm DL, Williams KR et al. Expression profiling 
reveals novel pathways in the transformation of melanocytes 
to melanomas. Cancer Res 2004; 64: 5270-5282.

12. Mironchik Y, Winnard PT Jr, Vesuna F et al. Twist overexpres-
sion induces in vivo angiogenesis and correlates with chro-
mosomal instability in breast cancer. Cancer Res 2005; 65: 
10801-10809.

13. Ansieau S, Bastid J, Doreau A et al. Induction of EMT by twist 


