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Protein kinase TTK promotes proliferation and  
migration and mediates epithelial-mesenchymal  
transition in human bladder cancer cells
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Abstract: Aim: To investigate the expression level of TTK in bladder cancer, and its role in the proliferation and 
migration. To investigate the relationship between TTK and epithelial-mesenchymal transition (EMT). Patients and 
Methods: We compared the expression level of TTK between human bladder cancer tissues and normal bladder 
epithelial tissues from 70 patients using immunohistochemistry, qRT-PCR and western blotting. Subsequently, we 
conducted cell viability and cell migration experiments to investigate the effect of TTK on bladder cancer cells. Fur-
thermore, we used qRT-PCR to detect the biomarkers of EMT to examine the relationship between TTK and EMT. 
Results: The expression level of TTK was significantly higher in bladder cancer tissues as compared to the adjacent 
noncancerous tissues (P < 0.001). The qRT-PCR, immunohistochemistry, and western blotting also showed the 
same trend. Furthermore, cell viability and cell migration assays showed that TTK promoted proliferation and migra-
tion of human bladder cancer cells, and mediated EMT. Conclusion: This study showed that high expression of TTK 
can promote proliferation and migration, and might mediate the EMT process in human bladder cancer cells.
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Introduction

Bladder cancer is the second most commonly 
diagnosed genitourinary neoplasm, with appro- 
ximately 360,000 new cases diagnosed world-
wide and 145,000 deaths each year [1, 2]. The 
majority of bladder cancer (75%) cases are cla- 
ssified as non-muscle-invasive bladder cancer 
(NMIBC) at the first diagnosis [3], which is char-
acterized by a high possibility of recurrence and 
progression to muscle invasive bladder cancer 
(MIBC) [4]. The progression of NMIBC to MIBC  
is related to epithelial-mesenchymal transition 
(EMT), which is vital in the proliferation and 
migration of several cancers [5, 6].

EMT is a complex process in which epithelial 
cells acquire a mesenchymal phenotype and 
motility through a cascade of biologic events 
[7]. During tumorigenesis, changes in EMT reg-
ulatory pathways lead to a loss of cellular adhe-
sion, changes in the polarization of the cells 
and cytoskeleton, detachment, migration, intra- 

vasation, and survival in the vascular system; 
extravasation, and metastasis [8]. Morpholo- 
gically, EMT is classically characterized by the 
dedifferentiation from an epithelial to mesen-
chymal phenotype, marked by the decreased 
expression of E-cadherin, and increased expre- 
ssion of N-cadherin, vimentin, and cellular pro-
teases [9]. Our previous study showed that EMT 
could be a critical step in the progression from 
the pre-invasive to invasive state in bladder 
cancer [10].

The TTK gene was first identified as a protein 
kinase in the budding yeast, Saccharomyces 
cerevisiae [11]. TTK is involved in several as- 
pects of cell-cycle control, including mitotic SAC 
activation, proper mitotic progression, centro-
some duplication, chromosome alignment, err- 
or correction of kinetochore-microtubule atta- 
chment, and recruitment of SAC components to 
kinetochores [12-14]. Like many cell-cycle regu-
lators, TTK transcription is deregulated in vari-
ous human tumors and elevated TTK mRNA 
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Figure 1. A. TTK expression in bladder cancer tis-
sues and adjacent noncancerous tissues (n = 70) 
was analyzed by qRT-PCR. The expression of TTK was 
significantly higher in bladder cancer tissues than in 
adjacent non-cancer tissues (***, P < 0.001). B. TTK 
marker was assayed in four pairs of bladder cancer 
and normal tissues by western blotting (C, tumor; 
N, normal), which showed that TTK was highly ex-
pressed in human bladder cancer.

levels were found in several human cancers, 
including thyroid papillary carcinoma, breast 
cancer, gastric cancer, bronchogenic carcino-
ma, and lung cancers [15-17]. Also, high levels 
of TTK correlated with a more aggressive histo-
logic grade in breast cancers [18]. TTK plays a 
role in the genotoxic stress response, such as 
stress caused by DNA damage [19].

In this study, we assessed the differential 
expression of TTK between bladder cancer tis-
sues and matched adjacent non-cancerous tis-
sues. We also investigated whether TTK pro-
motes proliferation and migration of human 
bladder cancer cells, and could mediate EMT.

Materials and methods

Patients and tissue specimens

This study was approved by the Ethics Com- 
mittee of the Second Hospital of Tianjin Medical 
University. Written informed consent was ob- 
tained from the patients for using their tissue 
specimens. The bladder cancer tissues and 
adjacent noncancerous tissues were collected 
from patients who underwent radical cystecto-
my at the Second Hospital of Tianjin Medical 
University between 2012 and 2015. All speci-

mens were snap-frozen in liquid nitrogen imme-
diately after resection and stored at -80°C until 
use. All tissues were independently reviewed by 
two pathologists to determine the tumor stage 
and histologic grade according to the 2016 
WHO classification of tumors [20]. 

qRT-PCR analysis

Total RNA was extracted from the tissues ac- 
cording to a previous protocol [21], and reverse-
transcribed to cDNA using a Reverse Tran- 
scription kit (Roche, USA). Real-time PCR was 
performed using an Applied Biosystems 790- 
0HT instrument with 20 μl PCR reaction mix-
ture containing 10 μl of 2× Lightcycler 480 
SYBR Green I Master (Roche). Reactions were 
incubated in a 96-well optical plate at 95°C  
for 10 min, followed by 45 cycles at 95°C for 15 
s, and at 60°C for 60 s. Each sample was run in 
triplicate. A melting curve analysis was con-
ducted to validate the specific generation of the 
expected PCR product. The primers for amplifi-
cation of TTK were as follows: 5’-TCCCCAGC- 
GCAGCTTTCTGTAGA-3’ (forward) and 5’-CCAG- 
TCCTCTGGGTTGTTTGCCAT-3’ (reverse). N-cad- 
herin primers were: forward, 5’-TAAACTGCCT- 
GGCCGAATC-3’ and reverse 5’-TCCTTCTGCCTC- 
TATGACCTG-3’. E-cadherin primers were: for-
ward, 5’-CAACGACCCAACCCAAGAA-3’ and re- 
verse 5’-CCGAAGAAACAGCAAGAGCA-3’. ZEB1 
primers were: forward, 5’-AACTGCTGGCAAGAC- 
AAC-3’ and reverse 5’-TTGCTGCAGAAATTCTTC- 
CA-3’. Human GAPDH was amplified as an inter-
nal control using the forward primer 5’-CTCG- 
CTTCGGCAGCACA-3’ and reverse primer 5’-AA- 
CGCTTCACGAATTTGCGT-3’. The data were cal-
culated by 2-ΔΔCT method [22]. 

Immunohistochemistry and western blotting

TTK expression in tumor tissues was detected 
by immunohistochemistry and western blot-
ting. Briefly, all tumors were fixed in 4% PFA, 
embedded in paraffin, and then cut into 5 μm 
paraffin sections for immunohistochemistry. 
Deparaffinized sections were dehydrated with 
alcohol series, and then incubated with a 
monoclonal antibody, (Abcam, ab187520, rab-
bit polyclonal antibody, dilution 1:100) at 4°C 
overnight to detect TTK protein. The protein 
expression was defined as cytomembrane and/
or cytoplasm brown staining (DAB). Slides were 
then mounted using an aqueous solution and 
photographed.
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Figure 2. The expression of TTK in normal human bladder urothelium and urothelial carcinoma. (A) and (C) show 
low expression in normal human urothelium; while (B) and (D) show high expression in human urothelial carcinoma.

Total tissue and cell proteins were extracted 
using cell lysate buffer with 1% protease/phos-
phatase inhibitor cocktail. Equal amount of pro-
teins were separated by 10% SDS-PAGE and 
transferred to nitrocellulose membranes. The 
membranes were blocked with 5% non-fat milk 
in PBS buffer and then incubated with primary 
antibodies overnight at 4°C. The protein bands 
were scanned after incubation with secondary 
antibodies conjugated with ECL and quantita-
tively measured with Quantity One software.

Cell lines and cell culture

Human bladder cancer cell lines EJ, T24 and 
5637 were purchased from the American Type 
Culture Collection (Manassas, VA, USA). The 

cells were cultured in RPMI 1640 medium with 
10% fetal bovine serum (FBS; Gibco, USA) and 
grown at 37°C in an atmosphere of 95% air and 
5% CO2.

Cell migration assay

Cell migration assay was performed using 
24-well Transwells (8 μm pore size; BD 
Biosciences). Each well of the lower chamber 
was filled with 500 μl RPMI 1640 (Gibco, USA) 
containing 10% FBS (Gibco, USA). Human blad-
der cancer cells (EJ, T24 and 5637) were cul- 
tured in serum-free medium overnight. A total 
of 1×105 cells in 500 μl RPMI 1640 containing 
1% FBS were plated into each well of the upper 
chamber. After incubating for 48 h, the cells 
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Figure 3. A. Western blotting showed that TTK expression was down-regulated in human bladder cancer cell lines 
(EJ, T24 and 5637) after transfection with TTK-siRNA for 48 h. B. Images of migration of different human bladder 
cancer cell lines in transwell assay. The number of migrated cells in the histograms represented mean values per 
field (from three fields, mean ± SD) (***, P = 0.0013).

were fixed with 4% paraformaldehyde for 15 
min and stained with 0.5% crystal violet for at 
least 30 min. Cells in the upper chamber were 
removed using cotton swabs. Cells on the lower 
surface of the membrane were counted and 
photographed in at least three random micro-
scopic fields (magnification, ×40). The experi-
ments were independently repeated three 
times.

Cell viability analysis

Bladder cancer cells (EJ, T24 and 5637) were 
seeded in 96-well plates, with 2.0×104 cells  
per well. The cells were incubated for 0, 24, 48, 

72, 96 h. The 3-(4,5-dimethylthiazol-2-yl)-2,5-di- 
phenyltetrazolium bromide (MTT) assay was 
used to analyze the cell viability as previously 
described [23]. 

Statistical analysis

Statistical analyses were performed using 
SPSS Statistical 20.0 software (SPSS Inc., 
Chicago, IL, USA) and results were considered 
statistically significant at P < 0.05. Data are 
shown as mean ± SD. The corresponding fig-
ures were drawn using GraphPad Prism v5.0 
software (GraphPad Software Inc, La Jolla, CA, 
USA).
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Figure 4. The effects of TTK on cell proliferation. Blad-
der cancer cell lines were transfected with NC-siRNA 
and TTK-siRNA for 24, 48, and 72 h. The cell growth 
was measured by MTT assay. The y-axis represents 
cell viability based on measured OD560 values. The 
x-axis represents time course.

Results

TTK expression is increased in human bladder 
cancer

We first used 70 pairs of bladder cancer tis-
sues and matched adjacent noncancerous tis-
sues to analyze the expression level of TTK by 
qRT-PCR. The results showed that TTK mRNA 
expression was higher in the bladder cancer 
tissues than in the paired adjacent non-tumor 
specimens (Figure 1A, ***, P < 0.001). 

Next, we conducted immunohistochemistry 
and western blotting with bladder cancer and 
normal bladder tissues, and found that the 
expression of TTK was significantly higher in 

bladder cancer tissues than in normal bladder 
tissues (Figures 1B, 2).

Down-regulation of TTK inhibits proliferation 
and migration of human bladder cancer cells

To examine the effects of TTK on bladder can-
cer cell growth and proliferation, we conducted 
siRNA-mediated knockdown experiments in 
bladder cancer cell lines (T24, 5637 and EJ). 
The knockdown efficiency of the siRNA was 
measured by western blotting (Figure 3A), with 
NC-siRNA as a control. The results showed that 
TTK-siRNA could down-regulate TTK expres-
sion. In cell migration with transwell assay, 
transfection of TTK-siRNA in T24, 5637 and EJ 
cells significantly decreased cell migration (P < 
0.01, Figure 3B). Furthermore, the TTK-siRNA 
group showed lower cell viability as compared 
to the control group (P < 0.01, Figure 4). These 
results suggested that TTK contributes to 
tumorigenesis by promoting growth and migra-
tion of bladder cancer cells.

TTK could promote EMT in bladder cancer 
cells

We compared the expression of EMT biomark-
ers between the control group and the si-TTK 
group. N-cadherin and ZEB1 showed signifi-
cantly lower expression in the si-TTK group as 
compared to the control group. In contrast, 
E-cadherin was increased in the si-TTK group (P 
< 0.01, Figure 5). These data suggested that 
TTK may be involved in EMT.

Discussion

Bladder cancer is the most frequently occurring 
tumor of the urinary tract, and the eighth most 
common cause of cancer-related deaths in 
males in the USA in 2017 [24]. The characteris-
tics of bladder cancer are high recurrence rate 
and poor survival in advanced metastatic 
stage. Majority of the patients undergo transi-
tion from NMIBC to MIBC. The mechanism of 
disease progression remains unclear, and sev-
eral studies have shown that it may be mediat-
ed by EMT [25]. Mitotic checkpoint gene TTK 
can play a role in human bladder cancer by 
mutations and loss of heterozygosis [26], but 
the definite effect of TTK on bladder cancer 
remains unknown.
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In this study, we evaluated the expression level 
of TTK in bladder cancer tissues and normal 
bladder epithelial tissues. The results showed 
that TTK had a higher expression in bladder 
cancer tissues than in normal bladder epithelial 
tissues. Similar findings have been reported in 
thyroid papillary carcinoma, breast cancer, gas-
tric cancer, bronchogenic carcinoma, and lung 
cancers [15-17, 23, 27]. This finding suggested 
that TTK acts as an oncogene, and could acti-
vate some oncogenic signals. Our findings have 
also shown that down-regulation of TTK could 
decrease the proliferation and migration of 
human bladder cancer cells, which could be 
because TTK is an essential kinase for proper 
distribution of chromosomes in mitosis, and 
could cause severe chromosomal segregation 
defects that lead to cancer cell death [28]. 
Numerous potent TTK inhibitors have been 
reported as cancer therapeutic targets in clini-
cal trials [29].

A prominent characteristic of cancer is inva-
sion, and EMT is known to play a role in invasion 
and metastasis [30-33]. The present study 
showed that down-regulation of TTK led to 
decreased expression of N-cadherin and ZEB1, 
while E-cadherin expression was increased. 
The results suggested that inhibiting TTK could 
inhibit the EMT process in human bladder can-
cers. This is because activation of TTK can pro-
mote transforming growth factor-beta (TGF-b)-
independent Smad signaling [34], which is one 
of the primary pathways involved in EMT. Our 
future study will focus on the molecular mecha-
nism of TTK-mediated EMT in bladder cancer.

In summary, our study showed that TTK was 
highly expressed in human bladder cancer, and 
this could promote proliferation, migration, and 
EMT. 
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