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One of the most prevalent solid epithelial malignancies and the third most common
cancer among men in Turkey is bladder cancer. Its development characteristics and
histology are varied. Bladder tumor formation involves numerous pathways and
multi-step genetic changes. A significant amount of heterozygosity, including loss of
heterozygosity (LOH) and chromosome deletions, has been observed in bladder
tumors' molecular pathogenesis. The purpose of the current study is to determine the
20q11-13 loss of heterozygosity and compare it to the tumor grades and stages. 9
polymorphic microsatellite markers in 33 matched bladder normal and tumor tissues
were used to identify the loss of heterozygosity of 20q11-13. LOH in 17 of 33 patients
(51,5%) at least in one locus was determined. The highest frequency of LOH was
found on D20S872 (30%) loci which have been near substantial genes for tumor
progression such as BCL2L1 and KIF3B. The lowest frequency of LOH was on
D20S465 (5%) loci and LOH on D20S443 loci was not detected. No statistically
significant association between tumor grades and stages and LOH frequency
(p>0,05) also were found. We recommend further molecular analyses with larger
patient groups to detect candidate tumor suppressor genes in this region. Moreover,
for the identification of new candidate tumor suppressor genes for bladder cancer,
further genome-wide LOH scanning may provide much more genetic information.

ISSN: 2995-7907

INTRODUCTION

doi: 10.5281/zenodo.10646078

Multiple molecular changes brought on by environmental risk
factors or emerging spontaneously play a significant part in the
development of bladder tumors. One of the most prevalent
molecular changes in bladder cancer that contributes to the
inactivation of tumor suppressor genes is the loss of
heterozygosity (LOH). LOH, defined as allelic losses on a
chromosomal region, is a key for detecting inactive tumor
suppressor genes (1). The loss of both copies of a tumor
suppressor gene results in the loss of normal cellular function
and the onset of carcinogenesis, according to Knudson's two-
hit model (2). LOH on a specific locus occurs when a deletion
or chromosomal loss has occurred (3).

Bladder cancer is one of the most common solid epithelial
cancers and its rate has been 2.8% among deaths due to cancer
all around the world (4). It is one of the most common types of
occupational cancers such as lung cancer and mesothelioma (5).
It has heterogeneous histopathology and growth properties. The
majority of bladder tumors are transitional cell carcinoma

(TCC), approximately 90% and the other groups include
squamous cell carcinoma and adenocarcinoma (6). Molecular
analysis of bladder cancers has shown considerable
heterogeneity, including loss of heterozygosity (LOH) and
deletions in many chromosomes.

Particularly, LOH on 9p and 9q chromosomal regions is the
most frequent genetic alteration in bladder cancer (7) and also
it has been reported that LOH on 5p, 10q, 18q, 17p, 13q, 15q,
16q, 1p, 8p, 10p, 3p chromosomal regions as well as
chromosome 9 at bladder cancer (8-13, 6). In another study, it
was demonstrated that LOH on 18q21-23 has been in muscle-
invasive bladder cancer patients and has related to clinical
outcomes of patients (14). In urothelial carcinoma, LOH at
17p13.1 was found in all stages and grades at various rates,
according to Beothe et al.s' (15) research. Abdel Rahman et al.
(16) conducted a pilot study in Egyptian bladder cancer patients
and found LOH on chromosomes 16 and 4.
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Table 1. Properties of microsatellite markers in chromosome 20q11-13 used for LOH analysis.

Microsatellite Chromosomal

marker region Sequences Size (bp)
D20S872 2041121 5AGGACTCTTCCAAAAGTGGCT. 3 150218
D203465 2091123 S AAAATGTCCAGGCAACAGAG: ' 219

D20S451 20012 S AACAGAAAAAGACACACAGC 3 217253
D20S468 209132 S TACCTAGTGACCAAAGGTTICC: 3 194212
D20S17! 2091333 5 ACACCAAGCCATGTAACCTG. 3 123-149
D20S443 20q13.3 5’-GAACCAAGGAAGTTGTTCAAC- 3’ 140

5’-TTGCTCCAACCAGGAGGCA- 3’

LOH on chromosome 20 has been analyzed for retinoblastoma,
colorectal, gastric, small cell lung, and lobular breast cancers,
especially myeloid and lymphocytic leukemias (17-23).
Related studies about bladder cancer and chromosome 20 have
been also reported and the relationship between bladder cancer
and CDC91L1 oncogene has been demonstrated (24). Thus
Higashi et al. (7) detected allelic imbalance on 20p and 20q
chromosomal regions with a rate of 57.1% at transitional cell
carcinomas in the urinary tract.

The present study has aimed to identify the loss of
heterozygosity of 20q11-13 using 9 polymorphic microsatellite
markers. Besides, we tried to compare detected LOH on each
locus with the tumor grades and stages.

METHODS
Tissue Samples and DNA Extraction

Tumor tissues and tumor-adjacent normal tissues were
collected from 33 bladder cancer patients during transurethral
resection at the Department of Urology, Gaziantep University
Hospital. The fresh tissues were transferred to the laboratory
with liquid nitrogen and were stored at -80 OC until the
extraction of DNA. The ethical certificate was received from
the ethics committee for clinical research of Gaziantep
University (Ethical number is 10-2011/174) before starting this
study. At the same time, demographic and clinical information
of patients were obtained. DNA was extracted from all tumor
and normal tissues using QIAamp DNA Mini Kit (Qiagen,
Germany) followed by homogenized in 1xPBS. After DNA

isolation, concentrations of DNA were determined with a
spectrophotometer (Thermo Scientific, USA).

PCR Amplification

The base pairs, sequences, and localization on chromosome 20
of microsatellite markers D20S118, D20S872, D20S174,
D20S465, D20S481, D20S891, D20S468, D20S171, and
D20S443 were available from the web site of NCBI database
(www.ncbi.nlm.nih.gov) and were shown in Table 1.

PCR amplification was performed in a total reaction volume of
25 pl. 60 ng of genomic DNA were subjected to PCR,
performed in a final volume of 25 ul containing 0.2 mM of each
dNTP, 1 uM each primer, 25 mM MgCl2, 0.5 U Taq
polymerase, and 1X PCR buffer (New England Biolabs, UK).
1 ul formamide was added per tubes as an enhancer for reaction.
Thirty- five cycles of denaturation at 94 0C for 45 seconds,
annealing between 55-70 0C for 45 seconds, and extension at
72 0C for 45 seconds were performed with a thermal cycler
(Takara, Japan). The annealing temperature was changed
depending on base pairs of primers between 55-70 0C. After
PCR amplification, all PCR products were analyzed with 1.5%
agarose gel electrophoresis. An updated idiogram of the 20q11-
13 region was obtained from
http://www.ncbi.nlm.nih.gov/genome  to  illustrate  the
localization of markers and the distance between markers
(Figure 1).
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Figure 1. Localization of markers on 20ql11-13 region and
distances between each other.

PAGE and Silver Nitrate Staining

PCR products were denatured at 95 0C for 5 minutes with 7 ul
loading buffer containing 0.01% bromophenol blue, 0.01%
xylene cyanol FF, 20 mM EDTA and 80% formamide.
Denatured PCR products were directly chilled on ice and were
separated in 7% polyacrylamide - 8 M urea formamide gel
using Sequi-Gen GT Electrophoresis System (BioRad,
Germany). The electrophoresis was performed at 60 W for 1
hour and 30 minutes at 50 OC. The gel was stained with silver
nitrate solution at the end of the electrophoresis. The method
which was reported by Benbouza et al. (25) previously was
used and LOH was determined by comparing tumor and normal
DNA and was displayed with a digital camera (Sony, Japan).

Statistical Analysis

GraphPad Instat (version 3.05) was used to conduct the
statistical analysis. Results were represented as standard
deviation or percent. p<0,05 was accepted as statistically
significance. Comparisons between LOH and tumor stages and
grades were performed by Fisher’s exact test.

RESULTS
Characteristics of Patients and Tumor Samples

33 bladder cancer patients have been included in this study. One
of those patients (3.03%) was female and the other 32 patients
(96.97%) were males (Table 2). The ages of patients are the

most frequently between 65 and 74 (42.42%) and their average
age was 64.46+1.88. All patients smoked except from female
patient. Tumor tissues that were taken from patients were
classified according to TNM stages and grades. The most
frequency was observed in T2 stage (42.42%) and G3 grade
(69.70%). 30 of 33 (90.9%) bladder tumor tissues were
transitional cell carcinoma (TCC) and 3 of 33 (9.1%) tissues
were adenocarcinoma (Table 3).

Table 2. Characteristics of patients with bladder cancer.

Tumor

tissue Sex Age Stage Grade Tumor type
T1 M 71 T2 G3 TCC

T2 M 81 T2 G3 TCC

T3 M 74 Ta G2 TCC

T4 M 65 Ta G2 TCC

T5 M 72 T2 G3 TCC

T6 M 72 T2 G3 TCC

T7 M 66 T1 G3 TCC

T8 M 76 T2 G3 TCC

T9 M 53 Ta G3 TCC

T10 M 58 Ta Gl TCC

T11 M 57 Ta Gl Adenocarcinoma
T12 M 66 Ta G2 TCC

T13 M 79 Ta G2 TCC

T14 M 68 Ta G2 TCC

T15 M 68 T2 G3 TCC

T16 M 62 T1 G3 TCC

T17 M 70 T2 G3 Adenocarcinoma
T18 M 73 T2 G3 TCC

T19 M 75 Ta G3 TCC

T20 M 52 T2 G3 TCC

T21 M 73 T2 G3 TCC

T22 M 62 T2 G3 TCC

T23 M 50 Ta G3 TCC

T24 M 65 T1 G3 TCC

T25 M 68 Ta G2 TCC

T26 M 60 T3 G3 TCC

T27 M 79 TO G2 Adenocarcinoma
T28 M 64 T2 G3 TCC

T29 M 34 Ta G3 TCC

T30 M 72 T2 G3 TCC

T31 M 63 T2 G3 TCC

T32 M 44 T1 G3 TCC

T33 F 35 Ta G2 TCC

TCC: Transitional cell carcinoma, M: Male, F: Female.
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Table 3. Clinicopathologic features of tumor samples.

Characteristics n (%)
Number of patients 33
Mean age = Standard deviation 64.46+1.88
Gender
Male 32 (96.97)
Female 1 (3.03)
Clinicopathologic Features n (%)
Tumor Type
TCC 30(90.9)
Adenocarcinoma 3 (9.1)
Stage
TO 1(3.03)
Ta 13 (39.40)
T1 4(12.12)
T2 14 (42.42
T3 1(3.03)
Grade
Gl 2(6.06)
G2 8(24.24)

G3 23 (69.70)

TCC: Transitional cell carcinoma.

Chromosome 20q11-13 LOH Analysis for
Microsatellite Markers

Nine

33 bladder cancer tissues and tumor-adjacent normal tissues
were compared for LOH on chromosome region 20q11-13 with
nine microsatellite markers. LOH at least one locus in the
20q11-13 region was observed in 17 of the 33 patients (51.5%)
(Figure 2). The representative examples of cases with loss and
retention of heterozygosity and homozygosity in the 20q11-13
region are shown in Figures 3a and 3b.

In Table 4, it was shown the frequency of LOH for each primer
in all informative cases. For D20S481, LOH was detected for 6
in 23 informative cases (26.1%). 1 LOH was detected among
the 20 informative cases for D20S465 (5%). 5 LOH in 26

informative cases (19.2%) for D20S118; 3 LOH in 12
informative cases (25%) for D20S891; 3 LOH in 18
informative cases (16.7%) for D20S171; 2 LOH in 19
informative cases (11.1%) for D20S174; 2 LOH in 11

informative cases (18.1%) for D20S468 and 6 LOH in 20
informative cases (30%) for D20S872 were detected. There was
no LOH in 11 informative cases for D20S443. Consequently,
the highest LOH frequency was detected in D20S872 (30%),
D20S481 (26.1%), and D20S891 (25%), respectively (Table 4).
The lowest LOH frequency was detected in D20S465 (5%).
There was no LOH detection in D20S443.

Association between LOH on 20q11-13 and tumor stage and
grade

LOH on the 20q11-13 region was compared with tumor stages
and grades. The highest LOH frequency was shown in stage 2
(T2) and grade 3 (G3) depending on tumor grades and stages.
The results are shown in Tables 5 and 6. But when we analyzed
the results statically (p>0.05), there was no association between
LOH and tumor stage and grade (Table 7). We cannot obtain
any statistical data for D20S443 due to the absence of LOH.

Table 4. Frequency of LOH for each primer in all informative

cases.
Loci IC (n) LOHinIC(m) %
D20S481 23 6 26.1
D20S465 20 1 5
D20S118 26 5 19.2
D20S174 19 2 11.1
D20S171 18 3 16.7
D20S891 12 3 25
D20S468 11 2 18.1
D20S872 20 6 30
D20S443 11 0 0

Case Number

IC: informative cases for each primer, LOH: Loss of
heterozygosity.

[P rimer Lioci

D205481
D205465
D20S118
D20s821

D205468
D205872
D205174

D205443
D2081T1

. etenhon of heterammosty

Figure 2. Illustration for LOH at least one marker in the 20q11-13 region.
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Table 5. Association between LOH and tumor stages.

Table 6. Association between LOH and tumor grades.

Tumor Number of LOH at least one %
stages cases locus

TO 1 0 0
Ta 13 7 53.9
T1 4 1 25
T2 14 8 57.1
T3 1 1 100

LOH: Loss of heterozygosity.
N T N T
23 18
D20S465
NooT NOT
3 21
D205171
X N T N T N T
5 21 26 8 1
D20S171 D205468

_a-
N T

1

D20S481 D20S118 D205468

N T

25
D20S891

18
D205872

D20S174

D205468 D205872 D208443
Figure 3. Illustration of represantive examples of cases with
loss and retention of heterozygosity (a) and homozygosity (b)
on 20q11-13 region (N: normal DNA, T: tumor DNA, allelic
loss shown by arrows. Case 26 for D20S468 and 8 for D20S872

demonstrate homozygosity).

DISCUSSION

Inactivation of a tumor suppressor gene is closely related to any
human carcinoma. Allelic losses on a chromosomal region
detecting tumor progression are started or developed toward the
invasive stages. Loss of heterozygosity analysis is one of the
common methods that is used to determine inactive tumor
suppressor genes. It is reported increasingly day by day for all
carcinomas. This analysis is a sensitive method for monitoring
deleted regions on chromosomes (26).

In this study, 9 polymorphic microsatellite markers were
selected in a large region on chromosome 20q for LOH analysis
at 33 bladder tumors. LOH ranging from 30% to 5% was
detected on these markers.

Tumor Number of LOH at least %
grades cases one locus
G1 2 1 50
G2 8 4 50
G3 23 12 52.2

LOH: Loss of heterozygosity.

In this study, 9 polymorphic microsatellite markers were
selected in a large region on chromosome 20q for LOH analysis
at 33 bladder tumors. LOH ranging from 30% to 5% was
detected on these markers. In this study, the D20S118 (%19,2),
D20S468 (%18,2), D20S171 (%16,7), D20S174 (%11,1) and
D20S465 (%5) markers had lower LOH frequencies than the
other three markers (D20S872, D20S481, and D20S891). And
LOH was not detected on the D20S443 marker (0%). Similarly,
it was detected that LOH on 20qll.22 in gastric
adenocarcinoma (27). Pei et al. (28) detected LOH on 20q in
chronic lymphocytic leukemia. Peng et al. (19) detected high-
frequency LOH on the 20q11.1-q13.1 chromosomal region in
colorectal cancer. Another study which was reported by Huang
et al. (20) supported that retinoblastoma progression was
associated with LOH on the 20q11-13 chromosomal region.
Also, LOH on the 20q12 region with a ratio of 61.1% was
detected in chronic lymphocytic leukemia by Lee et al. (21).

A high frequency of LOH was detected on the D20S872 (30%)
locus which is located on the 20q11.21 chromosomal region.
This primer is directly related to the XKR7 (XK-related protein
7) gene which is expressed as a transmembrane protein. This
protein ensures sodium-dependent transport of neutral amino
acids and oligopeptides and is one of the XK family members
and the lack of this protein is caused by McLeod syndrome (29).
At the same time, this is the first study about this chromosomal
region and gene in bladder cancer. The high frequency of LOH
observed in this region indicates that the XKR7 gene is a tumor
suppressor gene candidate. For this reason, it is recommended
to investigate the gene and protein expression levels of XKR7
in different cancer types. Further, some important genes are
located near this marker, like BCL2L1, PDRGI1, and KIF3B.
BCL2LI1 (B-cell lymphoma 2-like 1) is an important apoptosis-
regulating gene that codes for anti-apoptotic protein BCL-xL
and it is commonly amplified among cancers (30). PDRGI (p53
and DNA damage-regulated genel) is upregulated by UV
radiation but downregulated by tumor suppressor p53 and it is
known as an oncogenic protein (31,32). Despite being one of
the genes in the region where the loss of heterozygosity is
common, PDRG1 also shows oncogenic character among
different cancer types in recent studies (33-35). Similarly,
KIF3B (kinesin family member 3B) which aids in chromosome
movement during mitosis and meiosis and consists of a family
of molecular motors and shows function in vesicle transport and
membrane expansion during mitosis through targeting of other
molecules, shows oncogenic features in cancer types (36-39).
Briefly, LOH in the 20ql1.21 region can be attributed to
tumorigenesis because of the XKR7 gene function but adjacent
gene points like BCL2L1, PDRG1, and KIF3B are oncogenic
genes and they have not shown tumor suppressor features. At
this point, more detailed analyses and a larger number of
patients may be required.
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Table 7. Relationship between nine microsatellite markers on 20q11-13 and their clinicopathological characteristics.

Case Features LOH+ LOH- D OR (95%CI)
Sample size n=6 n=27
Age* 69,0+5,62 63,44+12,11 0,295 1,056 (0,953-1,171)
Gender
Female 0(0) 1(3,7)
0,818
Male 6 (100) 26 (96,3)
Grade
Gl 1 (16,7) 1(3,7) 0,305 4,750 (0,243-92,97)
G2 1(16,7) 7(25,9) 0,747 0,679 (0,064-7,161)
§ G3 4 (66,7) 19 (70,4) - 1 (Ref)
§ Stage
Ta 2(333) 11 (40,7) 1 293722664,2 (0)
TO 0(0) 13,7 1 1
T1 0(0) 4 (14,8) 1 1
T2 4 (66,7) 10 (37) 1 646189861,3 (0)
T3 0(0) 1(3,7) - 1 (Ref)
Type
TTC 5(83.3) 25 (92,6) 0,487 0,400 (0,030-5,307)
Adenocarcinoma 1(16,7) 2(7,4) - 1 (Ref)
Sample size n=1 n=32
Age* 35 64,9£11,3 0,258 0,92 (0,795-1,063)
Gender
Female 0(0) 13,1
0,97
Male 1 (100) 31 (96,9)
Grade
Gl 0 2(6,3) 0,999 0
G2 0 8 (25) 0,999 0
§ G3 1 (100) 22(68,8) - 1 (Ref)
§ Stage
Ta 1 (100) 12 (37,5) 1 134622899,5 (0)
TO 0 13,1 1 1
T1 0 4 (12,5) 1 1
T2 0 14 (43,8) 1 1
T3 0 1(3,1) - 1 (Ref)
Type
TTC 1 (100) 29 (90,6) 0,999 55706028,9 (0)
Adenocarcinoma 0(0) 394 - 1 (Ref)
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Table 7. (continue)

Sample size n=5 n=28
Age* 60,2+14,77 64,38+10,39 0,376 0,966(0,895-1,043)
Gender
Female 1 (20) 0(0)
0,152
Male 4 (80) 28 (100)
Grade
Gl 0 2(7,1) 0,999 0
G2 1 (20) 7 (25) 0,747 0,679(0,064-7,161)
= G3 4 (80) 19 (67,9) - 1 (Ref)
§ Stage
Ta 1 (20) 12 (42,9) 1 134623060,0 (0)
TO 0(0) 13,6) 1 1
T1 0(0) 4 (14,3) 1 1
T2 4 (80) 10 (35,7) 1 646190688,4 (0)
T3 0(0) 1(3,6) 1 (Ref)
Type
TTC 5 (100) 25 (89,3) 0,999 323094922,2 (0)
Adenocarcinoma 0(0) 3(10,7) - 1 (Ref)
Sample size n=2 n=31
Age* 70,5+2,04 64,06+11,66 0,449 1,075(0,892-1,296)
Gender
Female 0 1(3,2)
0,939
Male 2 (100) 30 (96,8)
Grade
Gl 0 2 (6,5) 0,999 0
G2 1 (50) 7(22,6) 0,439 3,143(0,173- 57,082)
- G3 1 (50) 22 (70,9) - 1 Ref
% Stage
a Ta 1 (50) 12 (38,7) 1 134622917,2 (0)
TO 0(0) 1(3,2) 1 1
T1 0(0) 4 (12,9) 1 1
T2 1 (50) 13 (41,9) 1 124267308,2 (0)
T3 0(0) 1(3,2) - 1 (Ref)
Type
TTC 2 (100) 28 (90,3) 0,999 115391061,5 (0)
Adenocarcinoma 0(0) 3(97,7) - 1 (Ref)
Features LOH+ LOH- p OR (95%CI)
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Table 7. (continue)

Sample size n=3 n=30
1,062
Age* 69,66+5,4 63,93+11,73 0,417
(0,918-1,228)
Gender
Female 0(0) 1(3,3)
0,909
Male 3 (100) 29 (96,7)
Grade
Gl 0 2 (6,7) 0,999 0
- G2 1(33,3) 7 (23.,3) 0,755 1,5(0,117-19,178)
% G3 2 (66,7) 21 (70) - 1 (Ref)
[\
=] Stage
Ta 1(33,3) 12 (40) 1 134622830,8 (0)
TO 0(0) 13,3) 1 1
T1 1(33,3) 3 (10) 1 538491323,2 (0)
T2 1(333) 13 (43,3) 1 124267228,4 (0)
T3 0(0) 1(3,3) -
Type
TTC 3 (100) 27 (90) 0,999 179497202,9 (0)
Adenocarcinoma 0(0) 3(10) - 1 (Ref)
Sample size n=3 n=30
Age* 66,33+4,64 64,26+11,8 0,766 1,017(0,908-1,140)
Gender
Female 0(0) 1(3,3)
0,909
Male 3 (100) 29 (96,7)
Grade
Gl 0 2(6,7) 0,999 0
G2 1(33,3) 7(23,3) 0,755 1,5 (0,117-19,178)
5 G3 2 (66,7) 21 (70) - 1 (Ref)
§ Stage
Ta 1(333) 12 (40) 1 0
TO 0(0) 1(3,3) 0,999 0
T1 0(0) 4 (13,3) 0,999 0
T2 1(333) 13 (43,3) 1 0
T3 1(33,3) 0(0) - 1 (Ref)
Type
TTC 3 (100) 27 (90) 0,999 179497199,1 (0)
Adenocarcinoma 0(0) 3(10) - 1 (Ref)
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Table 7. (continue)

Sample size n=2 n=31
Age* 73,5+2,5 63,87+11,52 0,251 1,156 (0,902-1,482)
Gender
Female 0(0) 1(3,2)
0,939
Male 2 (100) 30 (96,8)
Grade
Gl 0(0) 2 (6,5) 0,999 0
G2 0(0) 8(25.8) 0,999 0
§ G3 2 (100) 21(67,7) - 1 (Ref)
§ Stage
Ta 0(0) 13 (41,9) 1 1
TO 0 (0) 1(3.2) ! 1
T1 0(0) 4 (12,9) 1 1
T2 2 (100) 12 (38,7) 1 269245990,8 (0)
T3 0(0) 1(3,2) - 1 (Ref)
Type
TTC 2 (100) 28 (90,3) 0,999 115391059,2 (0)
Adenocarcinoma 0(0) 309,7) - 1 (Ref)
Sample size n=6 n=27
Age* 66,66+7,73 63,0£11,91 0,603 1,023(0,939-1,115)
Gender
Female 0(0) 1(3,7)
0,818
Male 6 (100) 26 (96,3)
Grade
Gl 0(0) 2(7,4) 0,999 0
G2 1(16,7) 7(25,9) 0,574 0,514 (0,051-5,221)
g G3 5(83.3) 18 (66,7) 1 (Ref)
§ Stage
Ta 2(333) 11 (40,7) 1 293722316,4 (0)
TO 0(0) 1(3,7) 1 1
T1 1 (16,7) 3(1L1) 1 538490913,4 (0)
T2 3 (50) 11 (40,7) 1 440583474,6 (0)
T3 0(0) 13,7 - 1 (Ref)
Type
TTC 5(83.3) 25 (92,6) 0,487 0,4(0,030-5,307)
Adenocarcinoma 1(16,7) 2(7,4) - 1 (Ref)

* Meantstandard deviation. CI: Confidence interval, LOH: Loss of heterozygosity, OR: Odds ratio, +: presence, -: absence.

A high frequency of LOH was detected on the D20S872 (30%)
locus which is located on the 20q11.21 chromosomal region.
This primer is directly related to the XKR7 (XK-related protein
7) gene which is expressed as a transmembrane protein. This
protein ensures sodium-dependent transport of neutral amino
acids and oligopeptides and is one of the XK family members

and the lack of this protein is caused by McLeod syndrome (29).
At the same time, this is the first study about this chromosomal
region and gene in bladder cancer. The high frequency of LOH
observed in this region indicates that the XKR7 gene is a tumor
suppressor gene candidate. For this reason, it is recommended
to investigate the gene and protein expression levels of XKR7
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in different cancer types. Further, some important genes are
located near this marker, like BCL2L1, PDRGI1, and KIF3B.
BCL2L1 (B-cell lymphoma 2-like 1) is an important apoptosis-
regulating gene that codes for anti-apoptotic protein BCL-xL
and it is commonly amplified among cancers (30). PDRGI (p53
and DNA damage-regulated genel) is upregulated by UV
radiation but downregulated by tumor suppressor p53 and it is
known as an oncogenic protein (31,32). Despite being one of
the genes in the region where the loss of heterozygosity is
common, PDRG1 also shows oncogenic character among
different cancer types in recent studies (33-35). Similarly,
KIF3B (kinesin family member 3B) which aids in chromosome
movement during mitosis and meiosis and consists of a family
of molecular motors and shows function in vesicle transport and
membrane expansion during mitosis through targeting of other
molecules, shows oncogenic features in cancer types (36-39).
Briefly, LOH in the 20ql1.21 region can be attributed to
tumorigenesis because of the XKR7 gene function but adjacent
gene points like BCL2L1, PDRG1, and KIF3B are oncogenic
genes and they have not shown tumor suppressor features. At
this point, more detailed analyses and a larger number of
patients may be required.

Another marker that showed a high frequency of LOH was
D20S481, a marker for the NIDDM3 (noninsulin-dependent
diabetic mellitus) gene. Its frequency was 26.1%. Another gene
in this region, 20q12, is the nuclear receptor coactivator 3
(NCOA3; also known as SRC3 or NCOA3) gene. This gene
produces a nuclear receptor coactivator protein called NCOA3
that interacts with nuclear hormone receptors to improve their
capacity as transcriptional activators (40). NCOA3 also has an
oncogenic role in a variety of tumor types (41).

D20S891 is the third primer which shows the highest frequency
of LOH (25%). This marker which is a predictor of the
ZMYNDS (zinc finger, MYND-type containing 8) gene, also
known as RACK?7, is located in the 20q13.12 region. This gene
expresses kinds of receptors that are activated C-kinase protein
(RACK) (42). It has been reported that ZMYNDS can have a
tumor suppressor role in cancers (43).

Our results showed that LOH on 20q11-13 was detected in 51%
(17/33) of bladder tumors and especially 52.2% (12/23) of
invasive G3 and 57.1% (8/14) T2 tumors. There was no
statistical association between LOH frequencies on each primer
and tumor stages and grades (p>0,05). This may be related to
the small number of patients. Knobloch et al. (44) who analyzed
bladder cancer patient’s serum and urine DNAs with
fluorescent microsatellite markers, reported that there was no
association between tumor pathogenesis and LOH on 5q, 8p,
9p, 9q, 13q, 14q, 17p, 17q and 20q chromosomal regions.
Similarly, some other reports have supported this lack of
association (6, 7, 15, 45). On the contrary, it has been reported
in some studies that there was a significant correlation between
LOH and tumor grades and stages (11, 10, 46, 47).

In the literature, genomic alteration studies in bladder cancer
appear in the form of gains and amplifications of the 20q region.
In this study, loss of heterozygosity in bladder cancer of the
20q11-13 region was investigated for the first time. In addition,
the presence of LOH in at least 1 locus in 17 of 33 patients
indicates that this region may include candidate tumor

suppressor genes as well as oncogenic genes. The development
of molecular analysis in the early diagnosis of bladder cancer
has been tried to contribute to this study. We recommend further
molecular analyses with larger patient groups to detect
candidate tumor suppressor genes in this region. Moreover, for
the identification of new candidate tumor suppressor genes for
bladder cancer, further genome-wide LOH scanning may
provide much more genetic information.
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