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Abstract Bladder cancer is the fifth most commonly

diagnosed cancer in the United States, where the majority

of tumors are transitional cell carcinoma. Deleted in

malignant brain tumors 1 (DMBT1) gene is located at

chromosome 10q25.3–q26.1. DMBT1 gene expression has

yet to be investigated in patients with bladder cancer. Runt-

related transcription factor 3 (RUNX3) is a candidate tumor

suppressor gene which is localized on the chromosome

1p36. RUNX3 gene expression in bladder carcinogenesis is

particularly unknown. We aimed to evaluate DMBT1 and

RUNX3 gene expression profiles in bladder cancer and how

their expressions could be related to carcinogenesis in the

bladder and their correlation with clinicopathological

parameters. Fifty-six paraffin embedded specimens of

transitional cell carcinoma of the urinary bladder were

used. Total RNA was extracted from bladder specimens

and cDNA was synthesized. The quantification of DMBT1

and RUNX3 mRNAs were succeeded according to the

manufacturers’ instructions by using RT-PCR. DMBT1 and

RUNX3 gene expressions were identified in 100% of

bladder carcinoma samples. No significant association was

found in these genes expression levels when compared to

sex and age. RUNX3 gene expression was decreased non-

significantly in high-grade tumors. When DMBT1 gene

expression was compared to tumor grades, a significant

decrease was detected between grade I and III (P = 0.028).

Disruption of expression in relation to tumor suppressors

like DMBT1 and RUNX3 genes was associated with blad-

der cancer. Furthermore, detailed studies including these

genes should be performed in protein levels and used more

patient specimens in a large scale study.

Keywords Bladder cancer � Paraffin tissue � DMBT1 �
RUNX3

Introduction

Bladder cancer is the fifth most commonly diagnosed

cancer in the United States, where the majority of tumors

are transitional cell carcinoma (TCC) that can be treated by

transurethral resection. However, the majority of these

tumors recur [1, 2]. Pathologically, 80% of the TCCs are

confined to epithelium for initial diagnosis (pTa, pT1). And

20% of that are invaded in the muscular layer (muscularis

propria-pT2-3-4). The need to establish which superficial

tumors will recur or progress and which invasive tumors

will metastasize has led to the identification of a variety of

potential prognostic markers for bladder tumor patients.

Important determinants of population risk to bladder tumor

may be mutation of proto-oncogenes and tumor suppressor

genes, loss of heterozygosity for specific alleles, and
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University, Kınıklı Kampüsü, Morfoloji Binasi, Kat:3,

Kınıklı/Denizli, Turkey

e-mail: yavuzdodurga@gmail.com; ydodurga@pau.edu.tr
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methylation patterns of promoter regions in specific genes

[3]. Genetic alterations associated with bladder tumor have

been described [4], such as mutations, frequent deletions

and gains of the some chromosomes. However, a practi-

cally useful marker gene that is able to accurately predict

the clinical course of bladder tumors has not yet been

identified.

The gene deleted in malignant brain tumor (DMBT1) at

chromosome 10q25.3-26.1 (GenBank NM_004406.2) was

first described by Mollenhauer et al. [5]. It was cloned from

normal tissues and medulloblastoma cell lines. Although

DMBT1 was originally identified by representational dif-

ference analysis as a candidate tumor suppressor gene in

medulloblastoma, its role in carcinogenesis is still unclear.

DMBT1, as a member of the scavenger receptor cysteine-

rich (SRCR) superfamily, encodes for a large secreted gly-

coprotein, which contains SRCR domains that are separated

by short serine–threonine-rich amino acid motifs [6].

DMBT1 mutations have determined various types of cancers

and the major inactivation of this gene affects down regu-

lation of the transcriptional level that is found in some cancer

types, play a major role for the period of early carcinogenesis

[7]. Loss or reduction of DMBT1 gene expression, increased

expression and homozygous deletions in DMBT1 have been

demonstrated in gastric cancer, colorectal cancer, brain

cancer, lung cancer and esophageal cancer. But there is no

DMBT1 gene expression analysis experiments working with

bladder cancer cases in literatures.

The human RUNX3 gene (GenBank accession no:

NT_004610.18) is mapped to chromosome 1p36.1 and

consists of six exons. The transcription of RUNX3 is reg-

ulated by two distinct promoters [8]. Notably, the locus of

RUNX3 is among the most frequently affected regions in

many cancers, which suggests that RUNX3 may be asso-

ciated with cancer development [9]. Recent studies have

reported that the inactivation of RUNX3 gene by point

mutations or aberrant methylation may contribute to the

development of bladder cancer. A study demonstrated that

the missense mutations occurring within the conserved runt

domain could abolish the DNA-binding ability and tumor-

suppressive effect of RUNX3 gene, suggesting that genetic

variants in RUNX3 gene may contribute to the development

and progression of bladder cancer [10]. Based on its

important physiological functions, RUNX3 gene can be

considered as a good candidate gene for bladder cancer

risk. To date, the association between genetic variations in

the RUNX3 gene and risk of bladder cancer has not been

reported.

In this study, we aimed to evaluate DMBT1 and RUNX3

gene expression profiles in bladder cancer and how

their expressions could be related to carcinogenesis in

the bladder and their correlation with clinicopathological

parameters.

Materials and methods

The prospective cohort comprised 56 patients (49M, 7F)

with a diagnosis of TCC of the bladder who were to

undergo definitive transurethral resection of bladder tumor

(TURBT) at Denizli Public Hospital Department of

Pathology in Turkey. Tumor samples taken at TURBT

were fixed in paraffin. Among the 56 TCCs, 14 (25%) were

classified as pTa, 23 (41%) as pT1 and 19 (34%) of them

were classified as pT2. In addition, 5 (9%) of them were

graded as G1, 25 (45%) as G2, and 26 (46%) as G3

(Table 1). All carcinomas were staged according to the

American joint committee on cancer (AJCC)/International

union against cancer (UICC) tumor-node metastasis

(TNM) staging system, graded according to WHO (world

health organization) criteria. All cases signed a written

informed constant statement approved by local ethics

committee.

RNA extraction

Fifty micro liters of total RNA was extracted from cases of

paraffin-embedded tissue samples through High Pure RNA

Paraffin Kit (Roche Applied Science, Germany) according

to the manufacturers’ instructions.

Table 1 Clinical and histopathological data of 56 patients with

bladder cancer

n (%)

Patient characteristics (n = 56)

Age, yearsa

B50 3 (5)

51–60 13 (23)

61–70 16 (29)

C71 24 (43)

Sex

Male 49 (88)

Female 7 (12)

Tumor characteristics (n = 56)

pT classification

pTa 14 (25)

pT1 23 (41)

pT2 19 (34)

WHO grade

1 5 (9)

2 25 (45)

3 26 (46)

a Median age 67 years, range 28–83 years
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Complementary DNA (cDNA) synthesis

Reverse transcription procedure was performed for cDNA

synthesis by using Transcriptor First Strand cDNA Syn-

thesis Kit according to the manufacturers’ instructions. In

the first stage, 20 ll complementary DNA (cDNA) was

obtained from 10 ll of total RNA (1–5 g final concentra-

tion for each case), and in the second stage by using related

primers and probes used to multiply the gene expressions

of DMBT1, RUNX3 and glyceraldehyde-3-phosphate dehy-

drogenase (GAPDH) housekeeping gene with RT-PCR.

And the relative quantification was carried out by calcu-

lating the ratio of DMBT1 and RUNX3 gene expression to

GADPH.

Relative quantification of DMBT1 and RUNX3

Real-time quantitative RT-PCR analysis of DMBT1 and

RUNX3 were performed with Lightcycler instrument and

software. Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH ‘‘housekeeping’’ gene) was chosen as an internal

standard to control variability in amplification. The

sequences of primers and probes used are shown in

Table 2. PCR was performed by using TaqMan Master Kit

(Roche Diagnostics, Germany) according to the instruc-

tions of the manufacturer. The DMBT1 and RUNX3 target

probes were labeled at the 50 end with the reporter dye

molecule 6-carboxyfluorescein (FAM). The GAPDH target

probe was labeled with 6-carboxyfluorescein. Both probes

were labeled with the quencher flour 6-carboxyte-

tramethylrhodamine (TAMRA) at the 30 end. To quantify

DMBT1 and RUNX3 total RNA from paraffin block a

calibration curve was constructed (Error: 0.100 Efficiency:

1,790) using copy number (108, 107, 106, 105, 104, 103, 102

and 10) of GAPDH mRNA. Relative ratio (RR) of gene

expressions was calculated using the formula: RR = Copy

number of DMBT1 and RUNX3 mRNA/Copy number of

GAPDH mRNA 9 1000

Statistical analysis

The DMBT1 and RUNX3 gene expression results compared

with patients’ sex, age using Student t-tests and cellular

degrees and grades were evaluated using v2 test for inde-

pendence. SPSS 10.0 software was used for calculation.

A P-value of less than 0.05 was considered statistically

significant.

Results

To determine the expression pattern of the DMBT1 and

RUNX3 genes in bladder cancer, we analyzed 56 paraffin

tissue samples by RT-PCR. We used two primer sets to

amplify DMBT1 and RUNX3 cDNA fragments for the

whole region to verify expression status. DMBT1 and

RUNX3 gene expressions were identified in 100% of

bladder carcinoma samples. We analyzed interrelationships

among DMBT1 and RUNX3 gene expressions and clini-

copathological factors in patients with TCC.

Firstly, we analyzed DMBT1 gene expression with sex,

age and its pathological degree. There were no significant

association among DMBT1 gene expression, sex, age and

pathological degree. Next we analyzed the expression of

DMBT1 gene with tumor grade (Fig. 1). When DMBT1

gene expression was compared to tumor grade, a significant

decrease was detected between grade 1 and grade 3

(P = 0.028). But we did not find any significant difference

between grade 2 and grade 1–3 (Fig. 2). The correlation

between increasing grade levels and reduced DMBT1 gene

expression was found 94.7%. Comparing the expression

profiles between tumor grades and DMBT1 gene expres-

sion, there was a remarkable result found.

Then we evaluated with RUNX3 gene expression and

patients sex, age, pathological degree, grade. Our results

showed that there were no significant correlation with

RUNX3 and patients demographic characteristic. But

RUNX3 gene expression was decreased non-significantly in

high-grade tumors (Fig. 1).

Discussion

The presented study in this report is the first demonstrating

that DMBT1 is also expressed frequently in bladder cancer.

We performed DMBT1 and RUNX3 gene expressions in

TCC parafin embedded tissues of the urinary bladder by

using RT-PCR. We found DMBT1 and RUNX3 gene

expressions in 56 of 56 (100%) bladder carcinomas cases.

We assessed these results statistically with age, sex and

Table 2 Primers and probes of genes

Gene Forward primer Reverse primer Probe (roche)

DMBT1 gctcaggaaaccatctatcgac gaagcctccgcaggaatagt ctgctcct (cat. no. 04688678001)

RUNX3 tcagcaccacaagccactt aatgggttcagttccgaggt gcagccag (cat. no. 04688945001)

GAPDH gaaggtgaaggtcggagtc gaagatggtgatgggatttc FAM-caagcttcccgttctcagcc-TAMRA
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pathologic degree but we did not find any significant cor-

relation with these parameters. But there is a significant

correlation between DMBT1 gene expression and cases

grade. When tumor grade was increased, the DMBT1 gene

expression was decreased. Additionally, RUNX3 gene

expression was also decreased in high-grade tumors with-

out significantly.

Today, there is little knowledge about the role of

DMBT1 in human diseases. However, Mollenhauer and

colleagues [11–13] have recently raised an original anti-

body against DMBT1 and demonstrated immunohisto-

chemically. Previous studies have detected frequent loss of

heterozygosity at polymorphic locus in chromosomal

regions 10p, 10q, 8p, 16q, and 17q. The 10q23–26 region

was implicated in many cancers, including prostate,

glioma, melanoma, endometrial cancer, follicular thyroid

cancer, and pancreatic cancer.

In this study, we observed that DMBT1 was expressed in

bladder cancer patients tissues. These results were then

confirmed by quantitative real-time PCR, implying that

DMBT1 could play some role in carcinogenesis. The

mRNA expression of DMBT1 was significantly downreg-

ulated in bladder cancer tissues. These high-grade tumors

were from patients suggesting that loss of DMBT1

expression was associated with up-grade. Similar results

have been found in lung and gastric cancers as the absence

of DMBT1 expression may have positive correlation with

carcinogenesis [14–16].

At present, the exact mechanisms for DMBT1 down-

regulation in many tumor cell lines and primary tumors

remain unclear. Some studies may be relevant to allelic

gene losses, homozygosity deletions, base substitutions,

structural rearrangements, and the alternation of DMBT1-

regulatory genes [17–19]. Thus, DMBT1 as a classical

tumor suppressor is also argued.

In addition of down regulation expression of DMBT1,

previous studies are indicated DMBT1 homozygous dele-

tion. Homozygous deletion and lack of expression of

DMBT1 gene in primary neuroblastic tumors and 12 neu-

roblastoma cell lines. Conclusion of this finding has found

homozygous deletion in 7% of primer tumors and lack of

DMBT1 gene expression in 16% of cell lines [20]. Another

study with brain tumors, intragenic homozygous deletions

in 33% of brain tumor cell lines and in 22% of the primary

glioblastomas. And these results confirmed the observation

by finding intragenic homozygous deletion of DMBT1 in

38%of primary glioblastomas [18]. In lung cancer, DMBT1

gene expression were obtained that 20 of 20 (100%) of

small cell lung cancer cell lines and six of 14 (43%) of non-

small cell lung cancer cell lines lacked of DMBT1 gene

expression [21].

The role of RUNX3 in tumorigenesis has been studied

extensively in recent years. Reduced RUNX3 expression

Fig. 1 Gene expressions of

DBMT1 and RUNX3

Fig. 2 Relative ratio of DMBT1 gene expression according to tumor

grades. Mean relative ratios of Grade 1–3 cases were 1231.15, 992,78

and 78.25, respectively. A significant difference was found between

Grade 1 and 3 (P = 0.028)
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has been observed in numerous types of human cancers.

The results of the present study can demonstrate that

RUNX3 is like a tumor suppressor gene for bladder cancer.

But not a significant down-regulation of RUNX3 was

observed of bladder cancer patients. RUNX3 has been

described as a gastric cancer tumor suppressor [22]. In

many cancer types, deletion of the RUNX3 locus and

reduction of its expression by promoter hypermethylation

has been reported [23, 24]. Some studies showed that

RUNX3 expression is significantly decreased with pro-

gression of human melanoma and hepatocellular carcinoma

(HCC). These data suggested that RUNX3 could play an

important role in melanoma and HCC pathogenesis and it

may serve as a promising prognostic marker for malignant

melanoma and HCC.

In conclusion, we found a significant correlation

between the DMBT1 gene expression and the tumor grades

of the cases with bladder cancer. Therefore, DMBT1 gene

expression could be used as a biomarker of early detection

and prognosis of the bladder cancer. Accordingly, there

were no significant correlation with RUNX3 and patients

demographic characteristic. But RUNX3 gene expression

was decreased non-significantly in high-grade tumors. Also

present study will be the first research for assessing

DMBT1 gene expression in bladder cancer and we think

that this article will contribute to further studies for new

researches. Furthermore, detailed studies about DMBT1

and RUNX3 gene should be performed in protein level in a

large scale study and also we think that clinical significance

will be verified with increasing number of grade 1 patients.
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