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Abstract

The current study was conducted to identify pathogenic E.coli that coexist with prostate cancer and characterize these
bacteria based on some virulence genes using molecular techniques such as RAPD-PCR. The study was carried out on 200
samples isolated from prostate cancer patients in different hospitals in Maysan Province, Iraq. These samples were culti-
vated on traditional and specific media agars for the identification of certain pathogenic bacteria. These bacterial organisms
were subjected to PCR targeting the 16S rRNA gene for the identification of these bacteria and the genes aac2, blaoxA-1,
blaTEM, oxA48 for the detection of virulence factors of isolated bacteria. The results revealed the presence of 200 bacterial
isolates, which included 65 (59.09%) E. coli, 20 (18.18%) Proteus mirabilis, 12 (10.9%) P. penneri, 10 (9.09%) Pseudomo-
nas aeruginosa, and 3 (2.72%) Klebsiella pneumonia, 16 (32%) Enterococcus faecalis, 15 (30%) Staphylococcus hemolyti-
cus, 9 (18%) S. lentus, 3 (6%) Aerococcus viridans, , and 7 (14%) Streptococcus uberis. The findings of 16S rRNA-PCR
confirmed the results of conventional tools. The virulence genes were detected in the identified bacterial species. The study
findings reveal a diverse community of bacterial species present in samples isolated from patients with prostate cancer with

high virulence, detected by the presence of virulence genes.
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Introduction

Prostate cancer constitutes one of the most important
clinical challenges of urology with a strong impact on the
quality of life of patients around the world. Among them,
benign conditions, mainly represented by bacterial infec-
tions, are of great importance due to the number of affected
patients and the complexity of pathophysiology (1). Acute
bacterial prostatitis is the less frequent presentation of bac-
terial infection, with a serious clinical impact, while chron-
ic bacterial prostatitis, a much more frequent disease, also
appears to be less severe, although related to a prolonged
healing time, mainly due to the recurrence of symptoms.
The epidemiological dimensions of the bacterial forms of
prostatitis are still undetermined, mainly due to diagnostic
ambiguity and the variety of clinical presentations. Since
bacterial prostatitis is estimated to affect only about 5-10%
of the total cases of prostatitis, the prevalence is around 1-2
per 1000 men in the general population, occurring more
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frequently in adult males younger than 35 or older than 60
years old, with a clearly bimodal distribution correlated
with the sexual activity and prostate gland growth, respec-
tively(2,3).

E. coli, Proteus mirabilis, K. pneumoniae, and P. aeru-
ginosa are the most common Gram-negative bacilli of
the gastrointestinal tract that trigger bacterial prostatitis.
In fact, E coli is the most common cause of bacterial pros-
tatitis worldwide. In selected cases, sexually transmitted
pathogens such as Chlamydia trachomatis and Neisseria
gonorrhoeae also play a role. The pathogenesis of bacterial
prostatitis reflects the rise of pathogens from the urethra to
the prostate under the impetus of infected urine refluxing
into the prostatic ducts, especially if there are predisposing
factors such as urinary tract infections, obstruction of the
bladder outlet and urinary tract instrumentation that breach
normal prostatic defenses (4,5).).

Acute bacterial prostatitis is characterized by an abrupt
onset, with acute and intense lower UTI (urgency, frequen-
cy, dysuria) and painful ejaculation, typically accompanied
by systemic symptoms such as fever, chills, and malaise.
Chronic bacterial prostatitis can present more insidiously,
with recurrent UTIs and pelvic pain that interfere with pa-
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tient quality of life (6-8).

In bacterial prostatitis, the diagnosis is usually made clini-
cally, based on urine / prostate secretion microbiology and
occasionally on imaging; standard approach to diagnosis
includes the following. Four-glass test, which remains the
gold standard for distinguishing between types of prosta-
titis. In case of acute presentation, an imaging study, such
as transrectal ultrasound or magnetic resonance imaging,
may be necessary to rule out abscess formation or other
complications(9).

Antibiotics are needed to treat acute bacterial prostati-
tis, and patients need to receive treatment immediately to
avoid the development of complications such as abscesses
in the prostate. Prolonged courses of antibiotics, often last-
ing many weeks or months. In chronic bacterial prostatitis,
where causative agents tend to hide in the prostatic ducts,
treatment can be difficult, and the course of the drug is usu-
ally prolonged (10).

The current study was conducted to identify pathogenic
bacterial species that coexist with prostate cancer and char-
acterize these bacteria based on some virulence genes using
molecular techniques.

Methods

Samples and Bacterial Culture

During the study, 200 clinical samples were collected
from patients suffering from prostate infections at Al-Sadr
Teaching Hospital, private laboratories, and the Oncol-

ogy Center in Maysan Governorate for the period from
4/1/2023 to 11/1/2023. Clinical samples included urine
samples, blood samples, and biopsy samples. All of these
samples were cultured on culture medium represented by
MacConkey agar medium, basic blood agar medium, and
solid nutrient medium. Positive laboratory culture results
were distributed over 90 urine samples (81.81%), 40 blood
samples (80%), and 30 biopsies (75%) of the total samples
belonging to the same type. Gram-negative bacterial iso-
lates were diagnosed using morphological, cultural, bio-
chemical and Vitech tests, while Gram-positive isolates
were diagnosed using morphological, cultural, and Vitech
tests as a final diagnosis. Since E.coli bacteria are more nu-
merous than isolated bacterial isolates, it was the focus of
the study. The results of the statistical analysis showed that
there were no significant differences between the samples
in terms of growth at the 0.05 level.

PCR

DNA was extracted from bacterial broth using a bacterial
extraction kit (Anatolia, Turkey). The protocol of the kit
was followed for the isolation of bacterial DNA. A nano-
drop was utilized for the estimation of the quality and quan-
tity of DNA. DNA was stored at -20 ° C for later work
procedures.

The bacterial organisms were subjected to PCR targeting
the 16S rRNA gene for the identification of these bacteria
and the genes: aac2, blaoxA-1, blaTEM, and 0xA48 for the
detection of the virulence factors of the isolated bacteria.
The primers (ordered from Macrogen and IDT, Korea) are
shown in Table 1.

Table 1: Primers used in the study for the detection of E.coli and virulence genes from samples of prostate cancer patients

Primers Sequence Product References
size
S 3
F: AGAGTTTGATCCTGGCTCAG Clementino ef al., 2001(11) 1!
16srRNA 1500 bp
R: GGTTACCTTACGACTT
aacC2 | F: TAGAGGAGATATCGCGATGC Aleisa ef al., 2013 (12)
896 b
R: ATTATCATTGTCGACGGCCT P
blaoxA-1 | F: TCAACTTTCAAGATCGCA Speldooren ez al., 1998(13)
609 b
R: GTGTGTTTAGAATGGGTGA P
bla-TEM | F: TTTCGTGTCGCCCTTATTCC Sharif er al., 2014(14)
516 b
R: CCGGCTCCAGATTTATCAGC P
bla-SHYV | F: ATCGTTGTCAGAAGTAAGTTGG Yagi et al., 2000 (15)
390 bp
R: TTTATGGCGTTACCTTTGACC
0XA-48 | F: GCTTGATCGCCCTCGATT Gurung et al., 2020 (16)
285 b
R: GATTTGCTCCGTGGCCGAAA P

The PCR reaction and contents are mentioned in Table 2.
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Table 2: PCR master mix and components of the study for the detection of bacterial species and virulence genes from urine

samples from prostate cancer patients.

16srRNA PCR
PCR Master Mix 1 (aacC2-blaoxA-bla-TEM-bla-SHV-0Oxa-48) Concentration

n pl

Master Mix 25 12.5 1X
Forward primer 2.5 1.5

. pmol 10

Reveres primer 2.5 1.5

Free nuclease water 16 6.5 1X

DNA template 4 3 1-150
Total volume 50 25 -

The agarose gel at 2% was used to run the PCR prod-
ucts using electrophoresis at 100 volts and 80 Amp for one
hour. The gel was then visualized under a UV imager.
DNA Sequencing

The PCR products were sent to a sequencing in Macro-
gen, Korea. The sequences received were then processed
and analyzed using NCBI-related websites and MEGA X
software to generate a phylogenetic tree.

Results

The results revealed that the presence of 200 bacterial
isolates, which included positive laboratory culture re-
sults, were distributed among 90 urine samples (81.81%),
40 blood samples (80%), and 30 biopsies (75%) of the

total samples belonging to the same type.Table3. The find-
ings of 16S rRNA-PCR confirmed the results of conven-
tional tools. The bands were amplified as revealed in Fig.
1. The virulence genes were detected in the identified bac-
terial species. These genes were amplified using the con-
ventional PCR techniques as displayed in Fig. 2.

Table3. The findings of 16S rRNA-PCR confirmed the results of conventional tools.

Sample type Total Positive growth% Negative growth%
urine 110 90(81.81) 20

Blood 50 40(80) 10(20)
biopsy 40 30(75) 10(25)

Total number 200 160 40

Chi-square value X2 -

0.852

Calculated P-value

0.653 (not significant)

Table 4: Numbers and percentages of Gram-negative bacteria isolated from the samples under study.

P value X2 Total | K.pneuomonee | p. aerugi- | pro. penneri | Pro. mira- E. coli Sample
() number nosa (%) number bilis number (%) type
number () number(’.)
<0.0001 1184 | 66 1(1.51) 5(7.57) 4(6.06) 12(18.18) 44(66.66) urine
(Significant)
<0.0001 26.16 | 28 2(7.14) 2(7.14) 5(17.85) 4(14.28) 15(53.57) Blood
(Significant)
0.119 7.34 16 0(0) 3(18.75) 3(18.75) 4(25) 6(37.5) Biobsy
(No signifi-
cant)
<0.0001 139.6 | 110 3(2.72) 10(9.09) 12(10.9) 20(18.18) 65(59.09) Total
(Significant)
32 Traqij. cancer med. genet. Volume 17 - Number 1 (June 2024)
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Table 5: Numbers and percentages of Gram-positive bacteria isolated from the samples under study.

P-Value X2 | Total | Streptococ- | Aerococcus Staph. Staph.hae- | Enterococ- | Sample Type
cus uberis viridans lentus molytic cus faecalis
Number (Z) | Number Number | Number (%) | () Number
(%) (*)
0.137 697 | 24 4(16.66) 1(4.16) 6(25) 5(20.83) 8(33.33) Urine
(No signifi-
cant)
0.309 4.79 12 3(25) 2(16.66) 0(0) 4(33.33) 3(25) Blood
(No signifi-
cant)
0.008 13.75| 14 0(0) 0(0) 3(21.42) 6(42.85) 5(35.71) Biopsy
(Significant)
0.005 15 50 7(14) 3(6) 9(18) 15(30) 16(32) Total
(significant)

Fig. 1: Agarose gel elec-
trophoresis of PCR for
the detection of the 16S
rRNA gene of bacterial
species from samples
from patients with
prostate cancer. 1500
bp, Horizontal bands:
Positive. Vertical bands:
DNA ladder.

Fig. 2: Electrophoresis
of PCR products of the
blaTEM gene from E.coli
isolates in 2% agarose
and 100 V, where lane M
represents the size index
100-16000 base pairs.
516 bp, Lanes 1-20 rep-
resent E.coli isolates that
possess the blaTEM gene.

Fig. 3: Electrophoresis
of 48-0xA PCR products
of E.coli isolates in 2%
agarose and 100 V, where
lane M represents the size
index 100-16000 base
pairs. 285 bp, Lanes 1-20
represent E.coli isolates
that possess the 48-0xA
gene.
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Fig. 4: Electrophoresis
of PCR products of the
blaSHV gene of E.coli
isolates in 2% agarose
and 100 V, where lane M
represents the size index
100-16000 base pairs.
390 bp, Lanes 1-20 rep-
resent E.coli isolates that
possess the blaSHV gene.

Fig. 5: Electrophoresis of
PCR products of bla-
oxA-1 gene from E.coli
isolates in 2% agarose
and 100 V, where lane

M represents the size
index of 100-16000 base
pairs. 609 bp, Lanes 1-20
represent E.coli isolates
that possess the blaoxA-1
gene.

Fig. 6: Electrophoresis of
the PCR product of aacC2
gene of E.coli isolates in
2% agarose and 100V,
where lane M represents
the size index 100-16000
base pairs. 806 bp, Lanes
1-20 represent E.coli
isolates that possess the
aacC2 gene.

Discussion

We noticed a large community of bacterial isolates that was
gram-negative in nature, compared with gram-positive (60 per
cent of the isolates versus 40%, respectively). This evolved dis-
parity is predictable and supported by epidemiological knowl-
edge that Gram-negative pathogens are the most common eti-
ological agents of UTIs (17). Of these, 46.7% were acquired
Gram-negative isolates, mostly composed of Escherichia coli,
as expected, it being the most frequent pathogen responsible
for uncomplicated UTIs (up to 50%), according to the litera-
ture (18). The relevant high proportion of other Gram-negative
pathogens, such as P. aeruginosa (9.09%) and K. pneumonia
(2.72%) also mirrors recent reports on the increasingly recog-
nized roles of these pathogens in complicated UTI (19).

The representativity of our samples by Proteus species in-
cluding P. mirabilis (18.18%) and P. penneri (10.9%) is consid-

erably higher than what is normally represented in UTI, with
P. mirabilis mostly representing a minority fraction of infec-
tions 19. It is either a regional phenomenon in terms of the pre-
dominance of bacteria or a specific vulnerability of our study
population. Among Gram-positive bacteria, E. faecalis stood
out with 32% vs a consensus of other studies that indicated that
it makes up a smaller proportion of UTI pathogens (2-10%)
(20). The finding of S. aureus and especially of S. lentus, which
does not usually predominate in UTI, might reflect a unique
microbial picture in our cohort or might need confirmation us-
ing advanced molecular methods (21).

Our study identified virulence in numerous antibiotic-resis-
tant bacteria isolated from the urine of prostate cancer patients
containing 896 bp-aaC2, 619 bp blaOXA 1, 609 bp blaOX 1,
516 bp blaTEM, 390 bp blaSHV, and 285 bp OXA48 where
other resistance genes are involved in a complicating threat for
the treatment of UTTIs related to prostate cancer disease.
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It is noteworthy that it is the same aaC2 gene that is found in
other clinical settings, where its presence was recently report-
ed and associated with multidrug resistance in E. coli isolates
from various sources of infections by Ramirez-Castillo and co-
workers (22). The presence of the aacC2 gene in E. coli is of
great concern because it could contribute to the development
and spread of antibiotic resistance. Aminoglycoside antibiot-
ics are commonly used to treat many bacterial infections, and
the presence of the aac2 gene could impair the effectiveness of
these drugs. The high prevalence of the aacC2 gene observed
in this study highlights the need for continued surveillance and
implementation of strategies to reduce the spread of antibiotic
resistance(23).

Of the OXA-type B-lactamases, blaOXA 1 and blaOXA48
have been the subject of particular attention: for example, Po-
tron et al. (24) reviewed the epidemiology of blaOXA-48-like
genes in Enterobacteriaceae, a group that includes E. coli and
K. pneumoniae (23): Numerous genotypes of blaOXA-48-like
genes have been described and are particularly distributed in
Asia, where strains with the NDM-1 gene and OXA-48-like
carbapenemases are spreading together. These enzymes impair
the efficacy of treatment. The blaOXA 1 gene has already been
identified in isolates from prostate cancer patients and is ca-
pable of incorporating the blaOXA48 gene. The spread of this
gene in bacteria is attributed to its ability to be easily trans-
mitted between bacteria through genetic elements that move
between different types of bacteria in medical environments,
since cases of the appearance of this gene in bacterial isolates
from different geographical areas have been recorded. It was
named oxA-B-lactamase as a result of its ability to degrade
oxacillin, as these enzymes are characterized by their ability to
degrade both the antibiotics Cloxacillin and Oxacillin by 50%.
(24).

Moreover, blaTEM and blaSHV, the most commonly encoun-

tered genes associated with broad-spectrum B-lactamase activ-
ity, have been widely reported. The occurrence of blaTEM in
urinary isolates described by Bevan et al. (25) concurs with our
results and re-emphasizes the continuing role both genes play
in thwarting B-lactam therapy (26). The high prevalence of the
bla SHV gene in E. coli isolates is of great concern, as it con-
tributes to the development of antibiotic resistance and limits
the effectiveness of commonly used antibiotics. The bla SHV
gene is often associated with mobile genetic elements, such as
plasmids and transposons, that facilitate its horizontal transfer
between bacterial species. This horizontal gene transfer can
lead to rapid spread of antibiotic resistance, which poses a ma-
jor threat to public health (27).
Conclusions

The study findings reveal a diverse community of bacterial
species present in urine samples isolated from prostate cancer
patients with high virulence, detected by the presence of viru-
lence genes.
The results of the study showed that E.coli isolates possessed
antibiotic resistance genes, namely the aacC gene, which con-
fers resistance to aminoglycosides, the blaox-1 gene, which
is associated with beta-lactam resistance, the blaTEM gene,
which encodes beta-lactamase enzymes that degrade penicillin
and cephalosporins, and the blaSHV gene, which is resistant to
beta-lactam antibiotics.
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