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Abstract
Introduction Bladder cancer is the most common cancer of the urinary tract. DNA damage
is responsible for genomic instability, which is a hallmark of bladder carcinogenesis. Cigarette
smoking induced DNA damage is one of the major risk factors associated with this disease.
Methods We used the alkaline comet assay to measure DNA damage in peripheral blood
lymphocytes from 38 bladder cancer patients and 26 healthy control subjects. All subjects
provided personal information, including smoking history. DNA damage was quantified by
calculating the %tail DNA (%TD) and olive tail moment (OTM) parameter.
Results It was found that patients (%TD 20.09 ± 1.67 and OTM 31.31 ± 2.82) had significant
DNA damage compared with control subjects (%TD 2.70 ± 0.48 and OTM 9.34 ± 1.30).
Besides, patients with extensive smoking history had higher DNA damage compared to nonsmoker patients.
Conclusion This is the first attempt to use alkaline comet assay to evaluate DNA damage in
Bangladeshi bladder cancer patients. The results of this study may emphasize to use ACA for
routine DNA damage detection, which could be used as a prognostic biomarker of bladder
cancer.
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Introduction

ministry of health and family welfare.

Bladder cancer (BC) is a prevalent malignant tumor of the urinary
tract and ninth most predominant cancer diagnosed worldwide [13]. BC remains an important health problem as it’s occurrence rate
is three to four times higher in men than in women and estimated
165,000 deaths annually [1, 4, 5]. BC is categorized to two major
groups depending on tumor stage, A) non-muscle invasive bladder
cancer (NMIBC), which is either limited to bladder mucosa
(carcinoma in situ (CIS)-or stage Ta, 5-year survival rate over
95.4%) or submucosa (stage T1, 5-year survival rate of nearly 88%)
and B) muscle-invasive bladder cancer (MIBC) (stage T2, T3 and
T4, representing 5-year survival rates of 69.4%, 34.9% and 4.8%,
respectively) [1, 4]. Epidemiological studies suggest that cigarette
smokers have 2- to 4-fold higher incidence of BC than nonsmokers
[6-8]. As cigarette smoke contains numerous carcinogens including
polycyclic aromatic hydrocarbons (PAH), aromatic amines and
N-nitroso compounds, as well as reactive oxygen species (ROS)
which are responsible for the DNA damages like chemical change
of bases, single-strand breaks (SSBs), double strand breaks
(DSBs) and finally lead to genomic instability and drive the
tumor phenotype [9-14]. Besides, BC is substantially increased
by carcinogen exposed people especially due to xenobiotic
metabolizing enzyme polymorphism for example tumor protein 53
(TP53), N-acetyl transferase 2 (NAT2), glutathione S-transferase
P1 (GSTP1) and human 8-oxoguanine DNA glycosylase 1 (OGG1)
polymorphism [5, 15-17]. Thus, it is important to detect the DNA
damage in different geographic region population due to their
distinctive combination of polymorphic traits which may alter
genetic susceptibility as well as response to drugs, chemicals, and
carcinogens.
The alkaline comet assay (ACA) is an effective technique in
determining various kinds of DNA damages like DSBs, SSBs,
alkali-labile sites, incomplete repair sites, and cross-links both in
vitro and in vivo [12, 18-21]. This is the first report using the ACA
method to detect DNA damage in Bangladeshi bladder cancer
patients and the basal DNA damage of the healthy subjects.

Questionnaire and investigation

Materials and methods
Chemicals
Normal melting point (NMP) agarose, low melting point
(LMP) agarose, N-lauryl sarcosinate, silver nitrate (AgNO3),
ethylenediaminetetraacetic acid (EDTA) were purchased from
Sigma (St. Louis, USA). Sodium chloride (NaCI), sodium
hydroxide (NaOH), dimethyl sulfoxide (DMSO) were supplied
by LOBA chemie (India). All the other chemicals were obtained
locally and were of analytical grade.
Case - control survey study: Selection of study population
A total of 64 unrelated Bangladeshi individuals were enrolled
in this study. Among the study participants, 38 (59.38%) were
patients with bladder carcinogenesis and 26 (41.94%) were healthy
controls. BC patients were recruited from the urology department
of various medical colleges in Dhaka city. Healthy controls were
also recruited from different hospitals of Dhaka city where they
came for regular health checkup without any history of cancer or
other chronic diseases. After getting full verbal consent from the
participants, three milliliter of blood was collected in an EDTA
containing tube. Detailed data along with clinical data on tumor
characteristics and therapy regimens were collected from patient
records in hospital. All BC patients were categorized as NIMBC
and MIBC. This study was approved by the ethical committee of
Bangladesh medical research council under the guidelines of the

All study subjects completed a structured questionnaire covering
information on age, residential, occupational, and smoking history.
As part of the interview, participants were asked to provide a
detailed lifetime smoking history (non- and current). Patients those
who smoke 25 or more cigarettes a day were termed as heavy
smoker (HS) and those who smoke equal or less than 24 cigarettes
per day were termed as lighter smoker (LS) [22].
Estimating DNA damage by ACA technique
The ACA technique was carried out according to the protocol
described by Tice et al. (2000) with slight modification [21].
Briefly, 20 μl whole blood was used per slide, in where slides
were previously coated with 1% NMP agarose. Blood cells
containing slides were then embedded in 0.7% LMP agarose and
subsequently lysed by lysis solution consisting of NaCl (2.5M),
Na2EDTA (100mM), Trisma base (10mM), NaOH (200 mM),
N-lauroylsarcosine (1.0%). DMSO (10%) and Triton X-100
(1.0%). For SSBs analysis, the DNA was unwounded by freshly
prepared cold alkaline electrophoresis buffer (1 mM Na2EDTA
and 300mM NaOH; pH 13.0) and then electrophoresed in the
same buffer (24 V; 300 mA at 4ºC). For DSBs, the DNA was
unwinding by using neutralization buffer (0.4M Trisma base;
pH 7.5) and electrophoresed in the same buffer (24 V; 300 mA
at 4ºC). After silver staining, cell images were captured and
visualized by conventional light microscope [(Motic-BA200)
(400×magnification)] equipped with CCD camera (Nikon Cool
Pix 99F) [23]. The images were analyzed by using the software
named computer assay software project (CASP, version 1.2.2) [24].
A total of 100 cells per slide and 2 slides per sample were used
to quantify the DNA damage. The extent of comet tail formation
is proportional to the amount of DNA damage present. Thus, the
higher the values of %TD and OTM, as computed by the software,
the higher the level of DNA damage was calculated [19, 25].
Statistical analysis
All values were presented as mean ± SEM. Differences between
different variables were analyzed using parametric student's t-test
and one-way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test. A value of P <0.05 was considered to be
statistically significant.
Results
Results from survey investigation
Distribution of study subjects according to gender, age, occupation,
residence and smoking status were presented in Table 1. The age
(mean ± SD) of control and bladder cancer patients were 50.0 ±
6.87 and 61.48 ± 12.89 years, respectively (P < 0.05). There were
no significant differences in occupation and residency between
patients and the control subjects. Flow chart for the study is shown
in Figure 1.
DNA damage analysis based on age and disease category
Figure 2(a) and 2(b) describe both the %TD and OTM values
between control (n = 26) and cancer patients (n = 38). The patients
group displayed significantly higher levels of DNA damage than
control subjects. The ranges of %TD in control and patients were
2.70 ± 0.48 vs 20.09 ± 1.67, while OTM value were in 9.34 ± 1.30
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Figure 1. Flow chart for the study.

vs 31.31 ± 2.82. There was significant difference both in %TD and
OTM value between control and patients (P < 0.05). To determine
the effect of age on DNA damage, all groups were divided into
two categories based on age below and above 50. From Figure 3
(a) and 3 (b), there were no significant differences in %TD and
OTM value in control groups (control < 50 vs control > 50), as
well as in patient groups itself (patients < 50 vs patients > 50).
Cancer patients over 50, had predominately higher DNA damage
compared to control over 50 (TD, 3.23 ± 0.92 vs, P < 0.05 and for
OTM, 10.90 ± 2.10 vs 33.44 ± 4.02, P < 0.05) and control below 50
(%TD, 2.37 ± 0.51 vs 22.11 ± 2.15, P < 0.05 and for OTM, 8.36 ±
1.60 vs 33.44 ± 4.02, P < 0.05). Same phenomenon was observed in
cancer patients below 50 compare to both control below 50 (%TD,
2.37 ± 0.51 vs 16.22 ± 2.21, P < 0.05 and for OTM, 8.36 ± 1.60 vs
27.20 ± 2.55, P =.05) and control over 50 (%TD, 3.23 ± 0.23 vs
16.22 ± 2.21, P < 0.05, and for OTM, 10.90 ± 2.10 vs 27.20 ± 2.55,
P < 0.05). Both NMIBC (n = 22) and MIBC (n = 16) group had
found same level of DNA damage (%TD, 18.72 ± 1.92 vs 20.52 ±
2.77 and for OTM, 31.52 ± 4.25 vs 29.84 ± 4.64).

From Figure 4(a) and 4(b), DNA damages were analyzed on
the basis of smoking status in control and patient group, in
where patient group was divided into two groups named patients
(nonsmoker) and patients (smoker). Patients with smoking history
(n = 20) had significant DNA damage compare to patients with no
smoking history (n = 18), (%TD, 23.85 ± 2.26 vs 17.36 ± 2.20, P
< 0.05 and for OTM, 38.36 ± 4.52 vs 26.59 ± 1.97, P < 0.05. Both
%TD and OTM value were found higher in patients of smoker
and non- smoker compared with control (n = 26). On the other
hand, Figure 5 (a) and 5 (b), described the DNA damage of the
smoker patients with their smoking intensity. Patients with heavy
smoking history, HS (n = 9) had a high DNA damage compared
to patients with lighter smoker, LS (n = 11) only in %TD but not in
OTM parameter (%TD, 29.21 ± 3.31 vs 18.36 ± vs 2.02, P < 0.05
and for OTM, 45.82 ± 6.44 vs 33.41 ± 4.13). Overall, the present
study indicated that cancer patients with a long history of smoking
exposure had significant DNA damage compared to the control
subjects.

DNA damage with smoking history

Discussion
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Table 1: Characteristics of study subjects
Variable

Control (n = 26, %)

Patients (n = 38, %)

P-value

Male

23 (88.46)

37 (97.37)

ns

Female

3 (11.54)

1 (2.63)

50.0 ± 6.87

61.48 ± 12.89

*

Smoker

0 (0.00)

22 (57.89)

*

Non-smoker

26 (100)

16 (42.11)

Dye worker

0 (0.00)

4 (10.53)

Farmer

3 (11.54)

6 (15.79)

Others

23 (88.46)

28 (73.68)

Urban

19 (73.08)

21 (55.26)

Rural

7 (26.92)

17 (44.74)

Gender

Age (Year)¶
Smoking status

Occupation
ns

Residence
ns

*P <0.05 was taken as level of significance. Fisher’s and chi-square tests were performed to calculate the statistical significance.
¶Values are mean ± SD. ‘ns’= not significant.
Bladder Cancer is a leading cause of cancer-related deaths globally
and about 50% of BC patients are cigarette smokers. The intensity
and duration of smoking has been shown to affect the grade and
stage of the BC and heavy smokers have more aggressive cancer
phenotypes [26]. Smokers with BC are found to have resistance
to chemotherapy also [27]. About 75% of newly diagnosed BC
are generally noninvasive, although this type has a high rate of

recurrence and progression despite the use of local therapy [2].
Cigarette smoke containing aromatic and heterocyclic amines (such
as benzidine, 2-naphthylamine, 4-aminobiphenyl) exacerbate the
bladder carcinogenesis [16, 28]. Generally long term carcinogenic
compounds exposure either directly or via metabolic activation
can reduce the DNA repair capacity, which ultimately increase the
BC susceptibility [7, 29-31]. Thus, the cellular abilities of repairing
the DNA damages are closely linked to the possibilities of cancer

Figure 2. Observed DNA damage. (A) %Tail DNA (%TD), and (B) Olive tail moment (OTM) between control subjects and patients. Statistical
difference was tested by Student t test. *P < 0.05 was taken as level of significance.
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Figure 3. Observed DNA damage based on age. (A) %Tail DNA (%TD), and (B) Olive tail moment (OTM) for control subjects (both below 50 and
over 50), patients (both below 50 and over 50). Statistical difference was tested by one-way ANOVA followed by Tukey’s multiple comparison test.
* P < 0.05 was taken as level of significance. ‘ns’ = not significant.

development. Most of the bladder tumors have complex genomes
with a high prevalence of mutational hotspots. Previously, we
reported that cigarette smokers having Pro/Pro genotypes at
position 72 in TP53 gene and NAT-2 slow genotype increased the
BC risk in Bangladeshi population [5, 16]. Thus, there is a strong
relationship in genetics and carcinogen exposure due to working or
environmental condition in occurring bladder carcinogenesis [32].
As genomic instability due to DNA damage plays a prominent
role in carcinogenesis initiation, it is important to quantify DNA
damage to evaluate the disease progression [33].
ACA technique has been broadly recognized as a simple,
sensitive, and rapid method [31, 34, 35]. It has numerous benefits

especially only a thousand cells are needed for this assay or
even the cells do not need to be tagged with a radioisotope and
DNA damage can be quantified in any nucleated cell [36]. Here,
both comet parameters %TD and OTM were found higher in
cancer patients compared to control subjects, which indicated
that higher level of genotoxicity occurred in BC patients. Comet
parameters indicate not only the DNA damage but also the DNA
repair capacity as because the low damage level as assessed
experimentally in an individual may be due to an actual low
number of lesions or of the high efficiency of repair. Among the
SSBs and DSBs, DSBs were supposed to be the critical cytotoxic
lesion, which were involved in mutagenesis, chromosomal

Figure 4. Observed DNA damage based on smoking history. (A) %Tail DNA (%TD), and (B) Olive tail moment (OTM) among control subjects,
patient’s smoker and patient’s non-smoker groups. Statistical difference was tested by one-way ANOVA followed by Tukey’s multiple comparison
test. * P < 0.05 was taken as level of significance.
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Figure 5. Observed DNA damage based on patients smoking exposure. (A) %Tail DNA (%TD), and (B) Olive tail moment (OTM) among control
subjects, patient’s lighter smoker (LS) and patient’s heavy smoker (HS) groups. Statistical difference was tested by one-way ANOVA followed by
Tukey’s multiple comparison test. * P < 0.05 was taken as level of significance. ‘ns’ = not significant.

abnormalities and gene mutations [37]. Although DSBs is often
repaired by two pathways, homologous recombination and nonhomologous end-joining (NHEJ), these genes are downregulated
in long term carcinogenesis exposure [38]. Carcinogen containing
cigarette smoking induced a lot of oxidative damage causing DNA
oxidative adducts together with SSBs and DSBs.
Long term smoking history and intensity are linked to more
advanced disease and severity. Here, BC patients having heavy
smoking (HS) history had higher DNA damage even compare
to patients with lighter smoker (LS) patients and non-smoker
patients, which confirmed the previous finding [26, 34]. BC is
commonly occurred in aged population due to their long term
exposure to the carcinogen and genomic instability [39, 40]. In this
study, significant DNA damages were also observed in older BC
patients. NMIBC patients had also high DNA damage, which may
be vulnerable because of cell cycle checkpoint delayed or altered
DNA repair capacity that may trend to convert MIBC [41]. Thus,
cigarette smoke may predominantly affect the structural integrity
of the DNA in BC patients, which is strictly linked to cancer
severity and rapid progression.
Finally, this study demonstrated the utility of the ACA technique
for detecting DNA damage in BC patients and basal DNA damage
in healthy Bangladeshi population. In future, the results of this
study may be applied to analyze other environmental genotoxicants
as well as chemotherapeutic agents that are responsible for DNA
damage as well as revealing the genetic characteristics of bladder
cancer, and finding the more efficient strategies to prevent it.
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