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Abstract: Bladder cancer is among the most prevalent cancers worldwide, with 549,393 new cases
reported in 2018. Approximately 3% of all new cancer was diagnoses and 2.1% of all cancer deaths are
due to urinary bladder cancer. Carcinoma of the urinary bladder is one of the most prevalent cancers in
Irag. This study aims to collect 50 blood and urine samples from patients suffering from urinary tract
infections and bladder cancer, and 50 urine and blood samples from healthy people considered to be
control, with age ranged from 30-85 years old, from different hospitals (ALyarmouk hospital, Medicine
city and Royal hospital) in Baghdad/Iraq between the period from October 2022 until August 2023. Our
study is intended for most likely the first time in an Iraqi series, study the relationship between E.coli
bacteria and its gene colibactin with bladder cancer. The isolation and identification of bacteria E.coli
from patients by traditional and molecular methods was done, and an estimate of the virulence gene
(cIbA), the result found that (4 samples) 8% of the 50 patients case were having the colibactin gene. And
finally nucleotide sequencing of the PCR products of the clbA gene has been performed for 4 positive
clbA gene samples.
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Introduction smooth muscle that may relax to accept

Bladder cancer is the ninth most
commonly diagnosed cancer worldwide,
with more than 150,000 deaths per year,
and an estimated male-female ratio of
3.8:1.0. Incidence of bladder cancer in
Irag on constant rise, with (80%) were
males and (20%) were female.
Urothelial cells, which are specialized
transitional epithelial cells that line the
urinary bladder and urinary tract,
accommodate the volume of urine
generated by flattening under pressure.
Additionally, the bladder is lined with

larger amounts and tighten to evacuate
urine through the urethra (1). The
urothelial cells that line the bladder and
urinary tract are always exposed to
environmental chemicals that could
cause mutations. The kidneys filter
these chemicals out of the urine. It is
not surprising that these urothelial cells,
mostly found in the bladder, cause the
majority of cancer cases, particularly in
the developed world. Most bladder
cancers may be dated directly to
exposure to  environmental and



Iraqi Journal of Biotechnology 77

occupational toxins, with tobacco
smoke being the most prevalent. Men's
higher exposure to cigarette smoke and
occupational hazards may help explain
the fourfold gender disparity in bladder
cancer incidence. Following tobacco
use, the likelihood of bladder cancer is
next only to the risk of lung cancer (2).
Urinary tract infections (UTIs) are
one of the most common bacterial
infections, affecting approximately 150
million individuals each year. UTIs occur
most frequently in women, with more than
60% of females diagnosed with a UTI
during their lifetime. The severity of these
infections ranges from asymptomatic
bacteriuria and  cystitis, i.e. infections
localized to the bladder, to urosepsis, which
can be fatal. Recurrences are very frequent,
since approximately 30% of women
experience a new UTI episode after
resolution of the initial infection (3).
Escherichia coli strains, termed
uropathogenic  E.coli  (UPEC) cause
approximately 80% of all UTIs. UPEC
strains produce a large number of virulence
factors. In particular, several toxins have
long been associated with UPEC
pathogenicity, such as a-hemolysin and
CNF1 toxins. More recently, a large
proportion of UPEC strains which
carry pks pathogenicity island encoding the
genotoxin colibactin have been described.
The pks pathogenicity island, composed
of cIbA-S genes, encodes a polyketide- non-
ribosomal -peptide (PK-NRP) biosynthesis
machinery  (4). Colibactin is  first
synthesised as an inactive prodrug by CIbN
followed by the sequential interventions of
multiple Clb enzymes. The CIbP peptidase
subsequently cleaves the C14-Asparagine
(C14-Asn) motif thereby releasing the
mature, active form of colibactin with its
twin warheads. The genotoxin alkylates
adenine residues on both strands of DNA,
producing DNA interstrand cross-links.
These highly toxic DNA lesions initiate a
DNA damage response, by phosphorylating

replication protein A (pRPA) and
phosphorylating the H2AX histone variant
(pH2AX) (5, 6).

Incomplete repair of this DNA
damage can result in gene mutations.
E. coli strains carrying Pks Island have
been shown to promote colon
carcinogenesis in  different mouse
models (7), (8). In epidemiological
studies, pks+ E. coli strains are more
prevalent in the gut microbiota of
patients with colorectal cancer and a
distinct mutational signature in human
cancer genomes, predominantly
colorectal tumours, was recently
associated with colibactin genotoxic
activity,  further  implicating an
involvement of colibactin-
producing E. coli in  tumorigenesis (9),
(10). This mutational signature has also
been identified in tumours of the urinary
tract (11, 12).

Materials and methods
Samples collection

Seventy urine samples collected
from Patients suffering from UTI and
BC also, with age ranged from (30-85
years old), from different hospitals in
Baghdad  province  (AL-Yarmouk,
Medicine city, and Royal hospitals)
between the period from October 2022
until August 2023 (13).

All urine samples were cultured
on different media (Blood, MacConkey,
and EMB agar). The isolated colony
were  identified  depending  on
morphological ~ characteristics  and
Vitek-2 system (14).

Molecular detection

The  ABIOpure  extraction
process was utilized to extract DNA
from an activated pure culture of E. coli
bacterium. DNA band detection by
means of Agarose gel electrophoresis.
The study then employed conventional
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PCR using the specific primers listed in
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bacteria genes (UidA) and a virulence

Table (1) to identify the presence of the gene (clbA) that have linked to
specific detection gene of E.coli developing bladder cancer.
Table (1): The optimum condition of the detection of genes (UidA and clbA).
Genes primer Sequences (Skl)s)} Condition Ref.
F:CATTACGGCAAAGTGTGGGTCAAT 95°C 5min 95°C 30sec
UidA | R: CCATCAGCACGTTATCGAATCCTT 658 55°C 30sec. 72°C (15)
30sec. 72°C  7min.
ciba | FCTAGATTATCCGTGG CGATTC | o) | 0 o 2D 5%C 90 6)
R: CAG ATA CAC AGA TAC CAT TCA e
30sec. 72°C  7min.
Quantitation of DNA Primer preparation
The A Quantus Fluorometer was The Macrogen Company
used to measure the amount of extracted provided  these  primers  when

DNA in order to assess the quality of
the samples for future applications. One
ul of DNA was mixed with 200 ul of
diluted Quantifluor Dye. Readings of
DNA content  were  discovered
following a 5-minute room-temperature
incubation time.

Table (2): Lists the elements of e

lyophilized. Lyophilized

primers were dissolved to a final
concentration of 100 pmol/l in nuclease-
free water to create a stock solution. 10
ul of primer stock solution, maintained
at -20 C in the freezer, was mixed with
90 ul of nuclease-free water to form a
working primer solution containing 10
pmol/l of these primers (Table 2).

ach gene's PCR combination.

Component Volume Final Concentration
FIREPoI® Master Mix , 5X 10 pl 1X
Forward primer 1l 0.5 M
Reverse primer 1l 0.5 Mm
DNA template 3 15 ng
Nuclease free water 5ul
Final volume 20 pl

Statistical analysis

The IBM SPSS was the program
used to analyze the data. Cronbach
alpha was used to assess the authenticity
and dependability of the data. Using
SPSS, the frequencies were computed,
the Student's t-test, chi-square, and
ANOVA were performed to the

sociodemographic and colibactin gene
presence data, and findings are
considered  significant if p>0.05.
ANOVA and the Student's t-test were
utilized to determine the significant
differences between cancer patients and
healthy controls.
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Sequencing of the cIbA gene and
sequencing analysis

Nucleotide sequencing of the
PCR products of the cIbA gene has been
performed for 4 positive clbA gene,
selected strains (HYJ-IRQ1_  HYJ-
IRQ4) including these 4 isolates from
bladder cancer patients with UTI. These
were sent to Macrogen Inc., South
Korea public biotechnology company

79

for sequencing by sanger method to
identified the single  nucleotide
sequence gene in both directions.
Results and discussion

Out of 70 urine samples
collected from patients suffering from
BC and UTI, 50 sample were analyzed
for E.coli identification. The occurrence
of E.coli in the patientsis shown in
the (Table 3).

Table (3): The significant difference in the detection of E.coli between the patients and the healthy

ones I.
No. % .
Patients Control = ClisgLere
Bacteria No E.coli 0 50 50
E. coli 50 0 50 0.001**
Total 50 50 100

The present study revealed that
out of 70 urine sample collected from
patients with BC and UTI only 50
sample was detected as E.coli bacteria

(71, 4%), while the other 20 samples
were belongs to other bacteria type
implicated in UTI developing (Table 4).

Table (4): The prevalence of E.coli bacteria from 70 urine sample.

Gender
Age Types of bacteria
Male Female
(46) 4) E.coli
> . .
(13) (1) < Klebsiella pneumonia
o
2) (No) g' Staphylococcus aureus
@D
@
2) (No) > Staphylococcus saprophyticus
w
o
) (No) 'g Proteus miribalis
(No) ) Enterococcus fecalis
A research introduced by ten-year period and was the most

studies

conducted

Mlugu, et al., (17) was also shows that
the results is somewhat agreed with our
study, E. coli was the most predominant
bacteria (47%; 66/141). According to
two further
Lebanon (18, 19), E. coli accounted for
60.64 percent of all isolates during the

in

common type.
Streptococcus agalactiae, Pseudomonas
Enterococcus
Klebsiella pneumoniae, and Proteus sp.

In the table (Table 5), our research
incidence of the
increased with age.

aeruginosa,

showed that the
bladder cancer

Next

in line were

sp.,


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8860541/table/tab2/
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Mlugu et al., (13) reported that the
prevalence of UTIs was 41% (141/344)
and elders (>=60 years) had five times
higher odds of having UTI as compared
to adolescents (p<0.001). Age-

associated changes in immune function,
exposure to nosocomial pathogens and
an increasing number of
comorbidities put the elderly at an
increased risk for developing infection.

Table (5): The distribution of patients group according to age.

No p-value
Patients Total
|| <50 6 6 0.001**
Age
I| >50 44 44
Total 50 50

Table (6), shows the relation
between cigarate smoking and the
happening of bladder cancer. This result
is supported by Zheng, et al. (20) who
have shown in them results, that studied
BC cases had higher smoking index
with mean of 7.77£3.76 compared to
controls 3.08+£1.88 (P=<0.001).
Abdulwahab, et al., (21) proved that
their study are consistent with the
findings of the previous epidemiological
studies and confirm that smoking is a
major risk factor for urinary bladder

cancer and preventive strategies should
be directed toward smoking as risk
factor for urinary bladder cancer in
Basrah.

The risk is greater because the
chemicals in tobacco smoke can end up
in your urine. These harmful chemicals
can damage your bladder's lining and
increase your risk for bladder cancer.
Urothelial carcinoma, which can be
found in the cells that line the inside of
the bladder, is the most common type of
bladder cancer.

Table (6): The effect of smoking on the number of cases of bladder cancer.

No.
Patients Total
Smoker Non smoker 17 17
Smoker 33 33
Total 50 50

Further molecular diagnosis for
E.coli bacteria by using a specific
diagnostic gene of E.coli (UidA) using a
specific primer, and the results were

detected by electrophoresis on 2%
agarose and exposed to U.V light
(Figure 1).
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Figure (1): Agarose gel electrophoresis (1,5 gm agarose, 75V for 1:45 hour) of Uid A gene PCR
products (658bp) codify for UidA of E.coli isolates

The pks pathogenicity island
encodes the polyketide/nonribosomal
peptide  combination  known  as
colibactin ~ toxin. It has been

demonstrated that pks+ E. coli infection

1002 bp

of eukaryotic cell lines results in DNA
double-strand breaks (DSBs), which
produce megalocytosis and cell cycle
arrest (22) (Figure 2).

Figure (2): Agarose gel electrophoresis (2% agarose, 75 V for 1:45 hour) of clbA gene PCR
products (1002bp) codify for colibactin gene of E.coli isolates.

In our project, we found that
the colibactin gene was found in four
samples from people whose data
indicated that they were not smokers,
but they suffered from urinary tract
infections and bladder cancer. This may
strengthen the relationship that says that
this gene’s presence in bacteria,
especially when they are not treated and
repeated infections with them, can lead
to the developing of bladder cancer. To
test the capability of Sanger sequencing

to confirm the diversity of microbiota in
urine specimen, the PCR product was
sent to Macrogen company for Sanger
sequencing. The results of sequencing
related to clbA genes (23) (24). The
sequencing result of clbA gene shows
that E.coli isolates having 100%
similarity to the sequence of clbA gene
that was available in Gene bank and
according to the accession numbers
(CP122448.1).
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Figure (3): Allignment of partial clbA gene seq. for 4 iraqi E.coli isolates, including (E.coli accession

no. CP122448.1).
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Table (4): Diversity of clbA gene mutations in a selected four strain associated with E. coli isolated
from cancer patients with UTI and BC (CP122448.1).

No. of isolate and Type of i -
accession no. mutation ocation Change of bases e
Substitution
GIT 2070396 (transition)
Substitution
AIG 2070402 (transition)
Substitution
A/G 2070528 (transition)
Substitution
HYJ-IRO-1 A/G 2070664 (transition) 8%
Substitution
A/G 2070899 (transition)
Substitution
cIT 2070937 (transition)
Substitution
c/G 2070166 (transition)
Substitution
AG 2070402 (transition)
Substitution
AlG 2070528 (transition)
Substitution
CIA 2070605 (transition)
Substitution
AIG 2060664 (transition)
Substitution
AIG 2070801 (transition)
e 2070338 SubStI_tL_ItIOﬂ
(transition)
HYJ-IRQ-2 Substitui 96%
o 2070899 ubstitution
(transition)
Substitution
TIG 2070959 (transition)
Substitution
GIT 2071147 (transition)
Substitution
c/G 2071166 (transition)
Substitution
GIA 2071196 (transition)
Substitution
GIT 2071198 (transition)
Substitution
GIT 2070396 (transition)
e 2070503 SUbStI_tL_ItIOﬂ
(transition)
HYJ-IRQ-3 Substituti o
- 2070605 ubstitution
(transition)
Substitution
A/G 2070664 (transition)
Substitution
GIC 2070385 (transition)
Substitution
YR GIT 2070396 (transition) 9%
Substitution
clG 2070841 (transition)
T 2070844 Insertion
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As we seen in table (3-6), we
notice a diversity of mutation in gene
clbA recorded in the four isolated strain
of E.coli, which deposited in NCBI
GeneBank  database under serial
accession no. This mutation prevalence
between substitution and insertion, and
compared with ref sequence
(Escherichia coli (CP122448.1)).
Conclusion

We can conclude that recurrent
urinary tract infections by E.coli that are
left untreated can lead to the formation
of bladder cancer and on the other hand,
the colibactin gene may play an
important role due to its ability to
destroy DNA. We suggest that more
samples should be collected, the scope
of sample collection expanded, and the
colibactin ~ gene  foundation in
furthermore samples to prove this more.
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