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Abstract. Mitochondrial tumor suppressor 1 (MTUS1) is a 
newly identified candidate tumor suppressor gene. Previous 
studies have demonstrated that the expression status of 
MTUS1 is altered in several types of tumors. However, its 
clinical significance for bladder cancer patients remains 
undetermined. In this study, we detected the expression of 
MTUS1 mRNA in bladder tumors and paired normal samples 
obtained from 5 patients using semi-quantitative reverse tran-
scription-polymerase chain reaction (RT-PCR). A significant 
downregulation of MTUS1 mRNA expression was observed 
in the tumor tissues compared with the corresponding normal 
bladder tissue (P<0.001). We further tested the expression of 
MTUS1 mRNA in 55 bladder cancer tissues and 10 adjacent 
normal bladder tissues by quantitative real-time RT-PCR. 
Correlations between MTUS1 and clinicopathological features 
and prognosis were investigated by statistical analyses. The 
results showed that MTUS1 expression was correlated with 
tumor grade, stage, size and number (P<0.001, P<0.001, 
P=0.034 and P=0.029, respectively). Patients with low levels 
of MTUS1 mRNA expression had a poor prognosis compared 
with those with a high expression (P<0.001). Univariate and 
multivariate logistic regression prognostic analyses revealed 
that MTUS1 mRNA was an independent prognostic factor for 
disease-free survival in bladder cancer (P<0.05). In conclu-
sion, these data suggest that MTUS1 is significant in the 
progression of bladder cancer and that the status of MTUS1 
mRNA expression is a novel prognostic marker for predicting 
bladder tumor disease-free survival.

Introduction

Bladder cancer is a common disease, with an estimated 386,300 
new cases and 150,200 mortalities occurring in 2008 world-
wide (1). The disease ranks ninth in worldwide cancer incidence 
and is the seventh most common malignancy in men (2). In 
China, bladder cancer is the most common malignant neoplasm 
of the male urogenital system and the incidence of bladder 
cancer has shown an upward trend in the past two decades (3). 

Tumorigenesis is a multistep process during which cells 
acquire genetic alterations that drive the progressive transfor-
mation of normal cells into malignant cells. Genetic events 
which result in the progression of bladder cancer are compli-
cated and poorly understood. Despite being a common cancer 
worldwide, the management of bladder cancer currently relies 
primarily on clinical staging and histopathological parameters. 
Of newly diagnosed bladder cancer cases, 70-80% present 
with non-muscle-invasive disease and, despite endoscopic and 
intravesical treatments, 50-70% recur and 10-30% progress to 
muscle-invasive disease (4). Thus, it is of great value to explore 
the mechanism of bladder cancer genesis and progression and 
to identify the molecular markers that predict bladder cancer 
recurrence and progression. 

Mitochondrial tumor suppressor 1 (MTUS1), also known 
as ATIP [angiotensin Ⅱ receptor subtypes 2 (AT2)-interacting 
protein], is a newly identified candidate tumor suppressor 
gene (5). Multiple splice transcript variants which encode 
different isoforms have been identified in this gene. Previous 
findings have demonstrated that MTUS1 was reduced or lost 
in a number of tumors, including pancreatic and ovarian 
tumors (5,6). MTUS1 maps to chromosome 8p21.3-22, a 
region frequently deleted and associated with the progression 
of disease in breast, colorectal, lung, ovarian, renal, prostate 
and bladder cancer (7-13).

As yet, no study has investigated the expression of MTUS1 
in bladder cancer. Thus, we explored the expression of MTUS1 
and its clinicopathological and prognostic significance in 
human bladder cancer in this study. 

Materials and methods

Study population and sample collection. There were 
55 patients in the study, all of whom had bladder transitional 
cell carcinoma (BTCC) and were treated at our two institutions 
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between January 2009 and March 2011. The patients included 
44 males and 11 females aged between 27 and 81 years 
(mean, 60.5). The patients were histopathologically diagnosed 
as having BTCC, newly diagnosed and untreated, and had no 
history of any other tumor. We excluded carcinoma in situ 
from our study. Sixteen patients underwent radical cystectomy, 
4 patients underwent partial cystectomy and 35 patients under-
went transurethral resection of the bladder tumor (TURBT). 
This study was approved by the medical ethics committee of 
our hospitals and written informed consent was obtained from 
all patients. The surgically removed tumors were immediately 
frozen in liquid nitrogen and maintained at -80˚C until RNA 
was extracted. 

A total of 10 normal bladder tissue samples (5 cm distance 
from the tumor) were surgically excised from different patients 
who underwent radical cystectomy and were also stored at 
-80˚C. The patients who underwent partial cystectomy or 
TURBT received intravesical mitomycin C (MMC) or pira-
rubicin (THP) instillations following surgery once weekly for 
the first 8 weeks and then monthly up to 1.5 years. Cystoscopy 
was performed at 3-month intervals during the first 2 years and 
6-month intervals after 2 years. The mean follow-up period for 
the 55 patients was 14 months (range, 1-27). The histological 
grade was assessed according to the WHO 2004 criteria; 32 
of the tumors (58.2%) were low grade and 23 (41.8%) were 
high grade. According to the UICC 2002 TNM classification 
system, 32 tumors were superficial (Tis,Ta,T1) and 23 were 
invasive (T2,T3,T4). Other clinical and pathological character-
istics of the enrolled patients are shown in Table I. During the 
follow-up period, the recurrence or progression of BTCC was 
detected in 16 patients, 4 of whom succumbed to BTCC.

RNA preparation and reverse transcription. Total RNA was 
isolated from 500-1,000 mg specimens of frozen bladder 
cancer tissue or normal bladder tissue using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions. The quality of the RNA was confirmed to 
be high. Complementary DNA (cDNA) was synthesized from 
2 µg total RNA using random primers and Moloney murine 
leukemia virus (M-MLV) reverse transcriptase (Invitrogen). 

Oligonucleotide primers for MTUS1 gene and ampli-
f ication by reverse transcription-polymerase chain 
reaction (RT-PCR). The specific oligonucleotide primers 
were synthesized according to published information on 
the MTUS1 gene (GenBank NM_001001924.2) as follows: 
sense, 5'-TGAGGCAAATAGCTGCTCCA-3'; antisense, 
5'-TGAGGAGATACGGCTCGATCA-3'. The PCR product 
size was 106 bp. We conducted BLAST searches (GenBank) 
to confirm the specificity of the nucleotide sequences. 
To ensure the fidelity of mRNA extraction and reverse 
transcription, samples were subjected to PCR amplifica-
tion with oligonucleotide primers specific for β-actin and 
normalized primers. β-actin primers were as follows: 
forward: 5'-CATGTACGTTGCTATCCAGGC-3'; reverse: 
5'-CTCCTTAATGTCACGCACGAT-3'. The PCR product size 
of β-actin was 318 bp. The PCR conditions were as follows: 
denaturation at 95˚C for 5 min, followed by 35 cycles of 30 sec 
at 94˚C, annealing at 57˚C for 30 sec at and at 72˚C for 30 sec. 
The final extention was at 72˚C for 5 min. An 8-µl aliquot of 

each amplified PCR product was electrophoresed on 1.5% 
(w/v) agarose gels containing 0.5 µg/ml ethidium bromide 
which were visualized under UV light. The band density was 
detected and evaluated using the Quantity One Quantization 
software (Bio-Rad, Munich, Germany). 

Real-time RT-PCR and analysis of MTUS1 mRNA. The 
real-time quantitative RT-PCR amplification of MTUS1 and 
β-actin mRNA from the tissue samples was performed using 
the ABI 7500 Real-Time PCR system using the SYBR-GreenⅠ 
kit (Takara Biotechnology, Dalian, China). Data were analyzed 
using the 7500 System SDS software (Applied Biosystems, 
Foster City, CA, USA). In brief, the PCR was carried out in a 
50 µl final volume containing a) 10 µl 5X SYBR-GreenⅠ PCR 
buffer; b) 1 µl sense primer (10 µM) and 1 µl antisense primer 
(10 µM); c) 1 µl dNTP (10 mM); d) 1 µl Taq enzyme (3 U/
µl); e) 5 µl cDNA; and f) ddH2O up to 50 µl. Following initial 
denaturation at 93˚C for 3 min, temperature cycling was initi-
ated. Each cycle consisted of denaturation at 93˚ for 30 sec, 
annealing at 55˚C for 45 sec and extension at 72˚C for 45 sec. 
A total of 40 cycles was carried out. To distinguish specific 
from non-specific products and primer dimers, melting 
curve analyses were carried out. To evaluate specific mRNA 
expression in the samples, a standard curve was produced for 
each run. The concentration of each sample was calculated 
by relating its crossing point to a standard curve. The level 
of expression of MTUS1 mRNA is presented as relative copy 
numbers normalized against β-actin mRNA and shown as the 

Table I. Correlation between clinicopathological characteris-
tics and expression of MTUS1 in bladder cancer.

  Relative expression of 
Variable Case MTUS1 mRNA (± SD) P-value

Gender   0.332
  Male 44 240±92 
  Female 11 270±86 
Age (years)   0.357
  ≤50 13 226±82 
  >50 42 253±94 
Grade   <0.001a

  Low 32 307±58 
  High 23 161±51 
T stage   <0.001a

  Tis,Ta,T1 32 298±69 
  T2,T3,T4 23 174±66 
Tumor number   0.029a

  Single 40 263±85 
  Multiple 15 203±97 
Tumor size (cm)   0.034a

  ≤3 43 260±92 
  >3 12 197±73 

aStatistically significant. Grading according to 2004 WHO criteria; 
T staging according to 2002 UICC TNM classification. MTUS1, 
mitochondrial tumor suppressor 1.
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mean ± SD. Relative MTUS1 mRNA expression was calcu-
lated using the formula: (MTUS1/β-actin) x 1,000. 

Statistical analysis. The correlation between MTUS1 mRNA 
expression and clinicopathological factors was analyzed using 
the χ2 test and Student's t-test. For survival analysis, disease-free 
survival (DFS) was defined as the time interval from surgery to 
cancer recurrence or progression. DFS curves were generated 
using the Kaplan-Meier method and the comparison between 
the curves was carried out using the log-rank test. P<0.05 was 
considered to indicate a statistically significant result. Statistical 
analysis was performed using SPSS 13.0 software for Windows 
(SPSS Inc., Chicago, IL, USA). Prognostic factors were evalu-
ated by univariate and multivariate logistic regression analyses. 

Results

MTUS1 mRNA expression in bladder cancer. We performed 
an RT-PCR analysis of MTUS1 in bladder tumors and paired 
normal samples obtained from 5 patients. A significant down-
regulation of MTUS1 mRNA expression was observed in the 
tumor tissues as compared with the corresponding normal 
bladder tissue (Fig. 1). The mean MTUS1 mRNA expression 
in the tumor tissues was 54.1% (range, 43.9-73.3%) compared 
with the normal tissues (with expression in normal tissues 
defined as 100%). We further confirmed the expression of 
MTUS1 mRNA in 55 bladder cancer samples and 10 paired 
normal samples by real-time RT-PCR analysis. The mean 
expression value of MTUS1 mRNA in the cancer samples was 
246.1±91.3, which was significantly lower than that for the 
normal samples (405.3±124.4; P<0.001). 

Clinicopathological significance of MTUS1 mRNA expres-
sion in bladder cancer. The expression of MTUS1 mRNA 
in bladder cancer and its correlation with clinicopathological 
factors were examined (Table I). Four of these factors were 
positively correlated with the expression of MTUS1 mRNA. 
First, the level of MTUS1 mRNA expression was found to be 
marginally higher in the low-grade group (307±58) compared 
to that in the high-grade group (161±51; P<0.001). Second, 
MTUS1 mRNA was expressed at higher levels in the super-
ficial tumor group (298±69) than in the invasive tumor group 
(174±66; P<0.001). Third, the MTUS1 mRNA expression level 
was higher in the group with a single mass (263±85) than in 
the multiple mass group (203±97; P=0.029). Finally, there 
was also a significant correlation between levels of MTUS1 

mRNA expression and tumor size; tumors <3 cm showed a 
higher expression of MTUS1 mRNA (260±92) than tumors of 
>3 cm (197±73; P=0.034). However, no differences were found 
between MTUS1 mRNA expression and age (P=0.357) or 
gender (P=0.332). In addition, MTUS1 mRNA expression was 
lower in the 16 patients who experienced recurrence or progres-
sion following surgery compared with those who did not; the 
mRNA expression mean levels were 164±65 and 280±78, 
respectively (P<0.001).

Prognostic value of MTUS1 mRNA expression for DFS. We 
evaluated whether MTUS1 mRNA expression was able to 
predict tumor recurrence or progression in bladder cancer. The 
cases were divided into high (n=28) and low (n=27) expression 
groups according to the average MTUS1 mRNA expression 
status in the tumor. The cut-off value was the most significant 

Figure 1. RT-PCR analysis comparing the MTUS1 mRNA expression in bladder tumor (T) and corresponding normal surrounding tissue (N) in 5 patients. 
(A) Agarose gel of RT-PCR. β-actin was used as an internal control. (B) Graphic analysis of the MTUS1 mRNA expression. Results were normalized to β-actin 
expression levels. MTUS1 expression in the normal tissue was defined as 100% in each patient. RT-PCR, reverse transcription-polymerase chain reaction; 
MTUS1, mitochondrial tumor suppressor 1.

Figure 2. Disease-free survival curves of patients with bladder cancer 
according to the level of MTUS1 mRNA expression. There was a significant 
difference between the patients with high and those with low MTUS1 mRNA 
expression (P<0.05). MTUS1, mitochondrial tumor suppressor 1.

  A   B
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value for prognostic prediction by the log-rank test. Patients 
with a high MTUS1 expression (mean, 321±50) had a signifi-
cantly longer DFS than those with a low expression (mean, 
169±51; P<0.05) (Fig. 2). 

Univariate and multivariate prognostic analyses of DFS 
in bladder cancer. The results of the univariate and multi-
variate prognostic analyses of postoperative DFS are shown in 
Table II. Univariate analysis revealed that the following factors 
were significantly correlated with DFS: grade (P=0.001), 
T stage (P=0.009), tumor number (P=0.037) and MTUS1 
mRNA expression (P<0.001). Multivariate regression analysis 
revealed that MTUS1 mRNA expression was an independent 
prognostic predictor for DFS [relative risk (RR), 0.974; 95% 
confidence interval (CI), 0.952-0.997; P=0.025]. 

To clarify the most significant factors correlated with 
MTUS1 mRNA expression in bladder cancer, we performed 
multivariate analyses. Results of the multivariate logistic 
regression analysis demonstrated that grade and stage of the 
disease were significantly associated with MTUS1 mRNA 
expression in bladder cancer (P=0.001 and P=0.046, respec-
tively) (Table III).

Discussion 

The MTUS1 gene contains 17 coding exons that are distrib-
uted over 112 kb of genomic DNA. The use of alternative 
exons produces three major transcripts, termed ATIP1, ATIP3 
and ATIP4, which show different tissue distributions (14). 
ATIP1 is ubiquitous and highly expressed in the brain, ATIP3 
is expressed in most tissues, including the prostate, bladder, 
breast, ovary and colon, and ATIP4 is a brain-specific tran-
script that is highly abundant in the cerebellum and fetal brain.

In the several splice variants of MTUS1, ATIP3 is the 
major transcript which is localized to the centrosome, mitotic 
spindle and intercellular bridge. ATIP3 regulates the essential 
steps of mitosis by interfering with the microtubule cytoskel-
eton and its overexpression delays the progression of mitosis 
by prolonging the duration of the metaphase, potentially due 
to the modulation of spindle checkpoint signaling. ATIP3 
knock-down by siRNA has been reported to lead to a signifi-
cant increase in breast cancer cell proliferation, indicating an 
antiproliferative effect of ATIP3 (15).

The MTUS1 gene encodes a protein with a C-terminal 
domain, which interacts with the AT2 receptor, and a large 
coiled-coil region that facilitates dimerization. The AT1 and 
AT2 receptors belong to the superfamily of G protein-coupled 
receptors (GPCR) and are the two major angiotensin II (ANG 
II) receptor subtypes. ANG II is not only a potent vasoactive 
effector peptide of the renin-angiotensin system, but also 
a significant regulator of cell proliferation and hypertrophy. 
AT1 and AT2 receptors exhibit opposite biological and physi-
ological effects. MTUS1 is an early mediator of AT2 receptor 
activation. Together with AT2, MTUS1 antagonizes AT1 
receptor function, inducing antiproliferative and pro-apoptotic 
effects in vitro and in vivo (16). 

In the present study, we used semi-quantitative and quan-
titative RT-PCR to investigate the level of MTUS1 (ATIP3) 
mRNA expression in clinical cases of BTCC. We found that the 
expression of MTUS1 was low in the cancer tissues compared 
with the normal bladder tissues (Fig. 1). Previous studies 
have shown that MTUS1 expression levels are downregulated 
in cancers of the colon, ovary, pancreas, head and neck and 
breast cancer (5,6,17-19). For example, Zuern et al reported 

Table II. Univariate and multivariate logistic regression analysis for disease-free survival.

 Univariate analysis Multivariate analysis
  -----------------------------------------------------------------------------------------------------------
Variable P-value P-value RR 95% CI

Gender 0.824   
Age (years) 0.230   
Grade 0.001a 0.561 0.460 0.034-6.309
T stage 0.009a 0.556 0.561 0.082-3.842
Tumor number 0.037a 0.630 1.573 0.249-9.958
Tumor size (cm) 0.995   
MTUS1 expression <0.001a 0.025a 0.974 0.952-0.997

aStatistically significant. RR, relative risk; CI, confidence interval. Grading according to 2004 WHO criteria; T staging according to 2002 UICC 
TNM classification. MTUS1, mitochondrial tumor suppressor 1.

Table III. Multivariate logistic regression analysis of factors 
associated with expression of MTUS1 mRNA.

Variable  P-value RR 95% CI

Gender 0.957 0.925 0.055-15.470
Age 0.159 9.238 0.419-203.892
Grade 0.001a 0.005 0.000-0.114
T stage 0.046a 0.060 0.004-0.953
Tumor number 0.416 0.300 0.017-5.460
Tumor size 0.522 2.870 0.114-72.351

aStatistically significant. RR, relative risk; CI, confidence interval. 
Grading according to 2004 WHO criteria; T staging according to 
2002 UICC TNM classification. MTUS1, mitochondrial tumor  
suppressor 1.
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that MTUS1 expression is significantly downregulated in 
colon cancer tissues, compared with the corresponding normal 
tissues, at the protein and mRNA levels (20). The authors also 
found that knockdown of MTUS1 in HUVEC cells by siRNA 
transfection resulted in increased cell proliferation. Pils et al 
reported similar results in ovarian carcinoma (6), as MTUS1 
had a significantly lower expression in primary ovarian 
carcinoma compared with normal ovarian tissues and cysts. 
In addition, other studies have revealed the downregulation of 
MTUS1 in colon cancer and MTUS1 copy number deletion 
variants in familial breast cancer (17,19). These data support 
our results. However, no studies have focused on bladder 
cancer and our analysis explored the clinical significance of 
MTUS1 expression in this disease. 

We compared various clinicopathological factors with 
the MTUS1 expression status in bladder cancer. Our data 
demonstrate that the cases with high levels of MTUS1 mRNA 
expression tended to show low grade, low stage, small tumor 
size and a single tumor mass compared with those with low 
MTUS1 expression tumors (Table I). The correlation of 
expression with clinicopathological features provides clinical 
evidence that MTUS1 is a bladder tumor suppressor gene. 

Univariate analysis in our study demonstrated that the 
following factors were prognostic for recurrence or progression: 
grade, T stage, tumor number and MTUS1 mRNA expression 
(Table II). Multivariate analysis further identified MTUS1 
mRNA expression as a stronger independent prognostic factor 
of DFS than grade, T stage and tumor number in the logistic 
regression model. Thus, we suggest that MTUS1 is significant 
in the pathology of bladder cancer. The low level of expression 
of MTUS1 in bladder cancer was shown to be significantly 
associated with a poor DFS prognosis (Fig. 2). Therefore, the 
downregulation of MTUS1 expression may be an early event 
in malignant disease. In addition, grade and stage were signifi-
cantly associated with MTUS1 mRNA expression in bladder 
cancer using multivariate analysis (Table III). Based on these 
results, the detection of MTUS1 in tumor tissue following 
surgery may be used as a prognostic marker for determining 
the risk of future recurrence or progression in patients with 
bladder cancer. 

The exact mechanism by which MTUS1 regulates cell 
proliferation is currently unclear, but MTUS1 is believed to 
be an early component of the growth inhibitory signaling 
cascade. Seibold et al studied MTUS1 mRNA expression 
in pancreatic tumors and tumor cell lines (5). The authors 
reported a negative correlation of MTUS1 mRNA expression 
with cell proliferation and differentiation, showing low expres-
sion in undifferentiated proliferating cells and high expression 
in differentiated and slowly proliferating cells. This study also 
demonstrated an inhibitory effect of MTUS1 on cell prolif-
eration by transfecting a recombinant plasmid containing the 
MTUS1 gene into a pancreatic tumor cell line which expressed 
no native MTUS1 mRNA. Moreover, the antigrowth effects 
of MTUS1 in cooperation with AT2 may be associated with 
the activation of tyrosine phosphatases and the inhibition of 
receptor tyrosine kinases (RTK), including bFGF, EGF and 
insulin, which ultimately lead to the inhibition of extracellular 
regulated kinase (ERK2) activation (21). The members of the 
RTK signaling pathway and ERK2 are known to be associated 
with carcinogenesis (22,23). 

To the best of our knowledge, this is the first study 
concerning correlations between MTUS1 expression and clini-
copathological factors in bladder cancer. However, the clinical 
significance of MTUS1 mRNA expression should be further 
studied with regard to MTUS1 protein levels in bladder cancer. 
Further function studies are needed to elucidate the mecha-
nism of tumor suppression of MTUS1 and to confirm its tumor 
suppression function in other bladder tumor types and models. 
Of note, the total sample size included in this study, was small, 
the follow-up duration was relatively short and the correlation 
between MTUS1 and overall survival was absent. Another 
study with a larger study population and longer follow-up on 
this issue is ongoing.

In conclusion, our study provides clinical evidence which 
supports the hypothesis that MTUS1 is a bladder cancer 
suppressor gene that may be significant in cancer development 
and progression. The status of MTUS1 mRNA expression 
could be a novel prognostic marker for predicting bladder 
tumor DFS.
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