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Abstract

Uropathogenic Escherichia coli (E. coli) pro-
duces cytotoxic necrotizing factor 1 (CNF-1).
This factor influences epithelial cells and is a key
virulence factor of uropathogenic E. coli, playing
an essential role in bladder and prostate cancers.

Molecular Detection of Cytotoxic

Necrotizing Factor Type 1 Gene (CNF1)
of Uropathogenic E. coli Isolated from
Bladder and Prostate Cancer Patients

Estabraq Saad Rehan™ ©9, Nada H. Al-Mudallal

! Department of Microbiology, Al-Iragia University/ College of
Medicine -Baghdad, Iraq

Molecular identification of the cnfl gene in uropathogenic E.
coli isolated from patients with bladder and prostate cancer
was performed using polymerase chain reaction (PCR).

This cross-sectional study included 150 urine samples ob-
tained from patients with prostate and bladder cancer attend-
ing various hospitals in Baghdad, Iraq, from November 2024
to February 2025. All urine samples were analyzed both mi-
croscopically and macroscopically, cultured on blood agar
and MacConkey agar, subjected to biochemical testing, and
validated using the VITEK-2 system. Antibiotic susceptibil-
ity testing and molecular identification of isolated E. coli
were performed by PCR targeting the cnfl gene.

Of 150 urine samples, only 59.3% showed growth, with sev-
eral bacterial species identified. Just 16% of samples were
identified as E. coli and were obtained from prostate and blad-
der cancers. PCR analysis revealed that only 8 isolates con-
tained the cnfl gene. The antibiotic susceptibility test demon-
strated varying levels of sensitivity and resistance. All 8 iso-
lates containing the cnfl gene showed elevated resistance to
cefclidine (100%). The remaining 16 isolates lacking the cnfl
gene exhibited greater resistance to loracarbef (100%).

The research found that the cnfl gene is genotoxic and can
influence cellular differentiation, apoptosis, and proliferation.
These findings underscore the importance of the cnfl gene in
urological infections and highlight the need for further studies
on its association with antimicrobial resistance.

Keywords: Uropathogenic Escherichia coli,
PCR, Prostate cancer, Bladder cancer, CNF1.
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Introduction

Uropathogenic Escherichia coli (UPEC)-trig-
gered urinary tract infections (UTIs) typically
result in cystitis, pyelonephritis, and prostatitis
(1). These harmful strains possess various viru-
lence factors that enable them to colonize, in-
vade, and damage the host (2, 3). E. coli exhibits
a variety of virulence factors that enhance its po-
tential to cause disease, such as hemolytic activ-
ity, cytotoxicity, and hemagglutination, and is
linked to particular virulence genes: hlyA, cnf-
1, and papC (4). Cytotoxic necrotizing factor
(CNF), encoded by the cnfl gene, is genotoxic
and can influence cellular differentiation, apop-
tosis, and proliferation (5).

UPEC releases CNF1 to aid the migration and
invasion of prostate cancer cells, contributing to
prostate cancer metastasis. In vitro research
shows that it enhances pro-migratory and pro-
invasive effects by infiltrating prostate cancer
cells (6). Infections caused by E. coli and Enter-
ococcus are associated with increased levels of
pro-inflammatory cytokines linked to cancer de-
velopment and progression (7).

Bacteria are isolated from only a small fraction
of prostatitis cases, but when a bacterial species
is cultured from prostatic secretions, most are
Escherichia coli (8). Several investigations us-
ing non-culture-based methods have confirmed
the presence of E. coli in more cases of prostati-
tis by detecting bacterial DNA in inflamed pros-
tates (9). Moreover, UPEC was found to in-
crease the risk of bladder cancer by enhancing
CDKN2A methylation (10). Cytotoxic necrotiz-
ing factor type 1 (CNF1) is a toxin produced by
several strains of uropathogenic Escherichia
coli. (UPEC) continuously activates small
GTPases from the Rho family by deamidating a
single amino acid in these target proteins (11).

By removing the amide group from a glutamine
residue, the regulatory Rho, Rac, and Cdc42
GTPases in eukaryotic cells become irreversibly
activated. This change enables new cellular pro-
cesses, including gene transcription, cell prolif-
eration, and cell survival (12).

CNF1 was initially characterized in 1983 by
Caprioli and colleagues as a toxin that induces
multinucleation ("cytotoxic") in cultured cells
and necrosis ("necrotizing") in rabbit dermis.
Caprioli et al. (1983) described a chromoso-
mally encoded family of AB toxins (13). The
protein toxin CNF1 enhances invasion of renal
cells and, in vitro, promotes actin stress fiber
and membrane ruffle formation in a Rho
GTPase-dependent manner. It also induces
apoptosis and epithelial damage in the bladder
by triggering polymorphonuclear phagocytosis
(14). Activation of Ras homolog family member
C (RhoC) in bladder cancer cells induces the re-
lease of vascular endothelial growth factor
(VEGF), leading to angiogenesis in the bladder
cancer microenvironment (15). It also activates
Cdc42, which, in turn, stimulates PAK1 phos-
phorylation and upregulates MMP-9 expression
(6). In Iraq, prostate cancer ranks as the second
most prevalent malignancy among Iraqi males.
At the same time, bladder cancer (BC) is the 6th
most prevalent cancer in Iraq. Bladder cancer af-
fects males (79.4%) and females (20.6%), ac-
counting for (4.7%) of all cancer cases in Iraq
for both genders (16).

The aim of the study: Molecular detection of the
cnfl gene of UPEC isolated from bladder and
prostate cancer patients.
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Material and Methods: Biochemical tests:

Sample collections and isolation of bacteria:

Between November 2024 and March 2025, one
hundred fifty (150) midstream urine samples
were collected from patients diagnosed with
prostate and bladder cancer who attended Ghazi
Al-Hariri Hospital and Al-Amal National Hos-
pital for cancer care in Baghdad. Seventy-five
samples from patients with prostate cancer and
seventy-five from those with bladder cancer
were placed in sterile wide-mouthed containers
and promptly sent to the laboratory for further
analysis.

Inclusion criteria: patients with early diagnosis
of prostate and bladder cancer.

Exclusion criteria: patients treated with chemo-
therapy, radiotherapy, and antibiotics.

Microscopic examination (G.U.E):

Using a wide-mouth sterile cup, 150 samples
were collected and assessed macroscopically for
color and turbidity. Subsequently, 5 mL from
each sample was transferred to a sterile plain
tube for centrifugation, and the pellet was ana-
lyzed under a light microscope for pus cells,
blood, and transitional epithelial cells. All sam-
ples displaying this characteristic feature were
selected for the next step of identification (17).

Culturing of samples:

Every sample that tested positive in the micro-
scopic analysis was cultured on selective and
differential media (MacConkey agar, blood
agar, and eosin methylene blue agar) and incu-
bated at 37°C for 24 hours. Subsequently, the
colonies were identified as E. coli based on their
morphological characteristics (18). One colony
was moved to brain heart infusion broth for stor-
age and testing.

Based on the growth of E. coli shown above,
specific biochemical tests were performed to
confirm the isolate as E. coli. The assays include
TSI agar utilization, indole utilization, gas pro-
duction, Voges-Proskauer test, methylene blue
test, and citrate utilization, according to the clas-
sification of Bergey's Manual (19)—conforma-
tional diagnosis performed by the VITEK?2 sys-
tem.

Molecular detection and determination of the
gene: DNA Template Preparation by the Boil-
ing Method. The DNA template was prepared
by the boiling method as described by (20).
Briefly, 5 isolated colonies of overnight-grown
bacteria were thoroughly suspended in 2 mL of
distilled water and boiled in a water bath for 10
min. After centrifugation, the supernatant was
used as the template DNA for PCR.

PCR Amplification:

The primers used to detect the cnfl gene, pro-
vided by Macrogen (Seoul, South Korea), are
498 bp in length, as shown in Table 1.

The PCR amplification procedure for detecting
local isolates at the genetic level follows these
steps: The final PCR volume was 25 pl (12.5 pl
of 2x Master Mix, 5 pl of template DNA, 1 pl of
each forward and reverse primer, and 5.5 pl of
nuclease-free water) in uniplex PCR Eppendorf
tubes. The amounts changed in multiplex PCR.
The mixture was vortexed briefly, then placed in
a thermocycler for polymerase chain reaction.
Annealing gradients were set, where appropri-
ate, in increments from 52°C to 62°C; the an-
nealing programs used for each PCR mixture are
illustrated in Table 2.
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Table 1: The primer used for amplification of the cnf-1 gene and its sequence

Test gene Primers used and their sequences Extracted PCR reference
product size (bp)
Cytotoxic  cnf-1 FFAAGATGGAGTTTCCTATGCAGGAG 498bp 21)
necrotizing cnf-1 R-CATTCAGAGTCCTGCCCTCATTATT
factor-1
Table 2: Thermocycling conditions.
Stage No. of cycles Time Temperature
Initial denaturation 35 7 min 94°C
Denaturation 1 min 94°C
Annealing 45 sec 63°C
Elongation 1 min 72°C
Final extension 5 min 72°C

Determination of antibiotic susceptibility by
using the VITEK-2 compact system

The Minimum inhibitory concentrations of an-

tibiotics (MICs) were determined for 24 well-
identified (UPEC) strains using the VITEK-2
compact system. 16 isolates were UPEC-nega-
tive for the cnfl gene, while the other 8 were
UPEC-positive. Results are shown in Table 3
according to Clinical and Laboratory Standards
(22).

Statistical analysis:

Data are presented as mean = SD, along with
other descriptive statistics. Fisher's exact test
and percentages were used in the current study
to calculate p-values for some parameters. Val-
ues of p>0.05 were considered statistically non-
significant, while p<0.05 was considered

significant. Statistical analysis was performed
using SPSS Inc., Chicago (v 20) (23).

Results:

A total of 75 urine samples were gathered from
prostate cancer patients aged 55 to 80 years, and
another 75 samples from bladder cancer patients
aged 24 to 75 years.

Microscopic examination (Gram stain):

All 1solates exhibited characteristics of Gram-
negative, short bacilli and were non-spore-form-
ing (24)—isolation of E. coli from the urine of
patients with prostate and bladder cancer. Of
150 isolates, only 89 demonstrated bacterial
growth; 31.9% of these were identified as E. coli
originating from prostate and bladder cancer, as
illustrated in Figures 1 and 2.
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Figure 1: Number and percentage of bacterial growth from urine samples of prostate cancer pa-

tients.
20 17.3
133 14.6
15 13 . 12
10 11
X 9
o3 10
2 5.3
4
5 -
0
E.coli Pseudomonas Staph. aureus Streptococcus Others
spp spp

Bacterial types

EN %

Figure 2: Number and percentage of bacterial growth from the urine samples of bladder cancer pa-

tients.
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Biochemical tests

All 1solates were negative for oxidase, urease
production, Voges-Proskauer, and citrate utili-
zation tests. They were positive for Indole, Me-
thyl red, Lactose fermentation, and motility tests
(25).

All 24 E. coli isolates cultured on Kligler iron
agar tested positive for this test, developing an
acid slant and an acid bottom, producing gas,
and being negative for H2S production (26).

AIMCJ. (2026),3; (1):1-13
https://doi.org/10.58564/AIMCJ3.1.2026.271

Genomic DNA extraction from E. coli

Clear bands of genomic DNA from 24 E. coli
1solates were used for further PCR detection of
the cnfl gene, as shown in Figure 3.

Identification of the cnfI gene by PCR
Primers were used to amplify cnfl from E. coli
in this study. The PCR product showed a 498-bp
band corresponding to the cnfl gene, as shown
in Figure 4 and Table 3. Source and number of
E. coli isolates harboring the cnfl gene.

Figure 3: Gel profiles of the amplified products by PCR from the extracted DNA of subjects with prostate and

bladder cancers.

Figure 4: Gel electrophoresis of PCR products of the cnfl gene (498bp) for E. coli isolates.
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Table 3: Number and percentage of isolates that harbor the cnfl gene

Source of Total number  Number of isolated  Percentage of E. Percentage of
isolation of isolates harbors gene coli isolate % cnfl gene %
Prostate 11 3 14.6 37.5
cancer
Bladder can- 13 5 17.3 62.5
cer
Total 24 8 31.9 100%

Antibiotic sensitivity of E. coli isolates

All 8 isolates harboring the cnfl gene show
higher resistance rates to cefclidine 8 (100%),
cefoxitin, piperacillin, piperacillin/tazobactam,
and doxycycline 6 (75%), and to ampicillin, am-
picillin/sulbactam, piperacillin/sulbactam, cefd-
itoren, imipenem, meropenem/avibactam, lo-
racarbef, and tetracycline 5 (62.5%). They also
show higher sensitivity rates to tigecycline and
levofloxacin (8 [100%]), ceftolozane/tazobac-
tam and tobramycin (7 [87.5%]), and ciproflox-
acin and amikacin (6 [75%]), as shown in Table
4 and Figure 5.

The other 16 isolates that didn't harbor the cnfl
gene showed higher resistance to loracarbef
(16/16, 100%), ampicillin, amoxicillin/clavu-
lanic acid, piperacillin, cefclidine, and cefazolin
(14/16, 87.5%), and Piperacillin/tazobactam
(13/16, 81.25%). They were highly sensitive to
colistin and tigecycline (16/16, 100%), Ciprof-
loxacin (15/16, 93.75%), and ceftolozane/tazo-
bactam (13/16, 81.25%), as shown in Table 5
and Figure 6.

Table 4: antibiotic sensitivity test results for 8 isolate cnfl gene positive E. coli

8lIsolates AMP AUG A/S P/PG PIS TZP CFS
R 5 2 5 6 5 6 8
R% 62.5 25 625 75 62.5 75 100
S 3 6 3 2 3 2 0
% 37.5 75 375 25 37.5 25 0
8isolates C/T CPE AZT DOR IMI/IMP MEV AK
R 1 3 3 0 5 5 2
R% 125 375 375 0 62.5 62.5 25
S 7 5 5 0 3 3 6
0 87.5 625 625 0 37.5 375 75

CFZ LOR CTN FOX CDN CFE CFT CZA
1 0 2 6 5 4 5 3
125 0 25 75 625 50 625 37.5
7 0 6 2 3 4 3 5
87.5 0 75 25 375 50 375 62.5
TO LOR CP LEV DO CL TE TGC

1 5 2 0 6 0 5
125 625 25 75 0 625
7 3 6 8 2 0 3
87,5 375 75 100 25 0 375 100

Ot

The journal is licensed under a Attribution 4.0 International (CC BY 4.0).

Page | 7



Molecular Detection of Cytotoxic Ne-
crotizing Factor Type 1 Gene (CNF1) of
Uropathogenic E. coli Isolated from Blad-
der and Prostate Cancer Patients

AIMCI. (2026),3; (1):1-13

10
w O 88
§5, ¢ 5
Y —_w > 6
0 NEO 22
Z2%cwa 2 l 111
0 BNsmmm0000
MPEeEX0oaAVUNEZFASWWISCWEFEOYZYAaNLFOES U
L2 NO >a LSLFENEBNSEIOLSSPEo@O0
UEPmQ§<&98U§§ 6886226 coFgQu-g
=

Tested antibiotics

Figure 5: Number of resistant antibiotics for 8 cnfl gene-positive

Table 5: antibiotic sensitivity test results of 16 isolates, cnf1 gene-negative E. coli
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Figure 6: Number of resistant antibiotics for 16 isolates, cnfl gene negative
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Discussion

The results of this study indicate that the cnfl
gene was detected in 33.33% of UPEC isolated
from bladder and prostate cancer patients, sur-
passing the prevalence rates reported in other lo-
cal studies in Iraq (27). In 2019, Al-Shubidi et
al. found that 18% of UTI patients harbored the
CNF1 gene (28). In 2022, Alhadidi et al. re-
ported a cnfl prevalence of 21.8% in UPEC
(29). Khalaf et al. reported that only 10% of their
isolates harbored cnfl (30). This study has a
lower CNF1 rate than other studies in Iraq;
Nehmaa et al. reported a CNF1 rate of 35.5%
among UPEC (31), while Odda et al. observed
CNF1 in 41.57% of UPEC isolated from UTI
patients (32). Globally, the present research in-
dicated that the prevalence of cnfl was higher
than in Pakistan, Turkey, India, Iran, and France
(33-36).

The present findings revealed that all samples
positive for the cnfl gene exhibited a high re-
sistance rate to cefsulodin (8/100%); cefoxitin,
piperacillin,  piperacillin/tazobactam,  and
doxycycline (6/75%); and ampicillin, ampicil-
lin/sulbactam, piperacillin/sulbactam, cefd-
itoren, imipenem, meropenem/varbactam, lo-
racarbef, and tetracycline (5/62.5%). By con-
trast, they demonstrated high sensitivity to
tigecycline and levofloxacin  (8/100%);
ceftolozane/tazobactam and tobramycin
(7/87.5%); and ciprofloxacin and amikacin
(6/75%).

The remaining 16 isolates lacking the cnfl gene
exhibited increased resistance to loracarbef (16,
100%), ampicillin, amoxicillin/clavulanic acid,
piperacillin, cefsulodin, and cefazolin (14,
87.5%), and to piperacillin/tazobactam (13,
81.25%). They also demonstrated significant
sensitivity to colistin and tigecycline (16,
100%), ciprofloxacin (15, 93.75%), and
ceftolozane/tazobactam (13, 81.25%).

A study conducted in Iraq by Al-Shubidi et al.
found that UPEC isolates from UTI patients car-
rying the cnfl gene showed significant re-
sistance to amoxicillin (82.37%) and amikacin
(92.35%), respectively (27). In contrast, Kalaf et
al. reported that E. coli with the cnfl gene ex-
hibited high resistance to amoxicillin (92%) but
variable resistance to other antibiotics, with tet-
racycline at 62% and amikacin at 4%. Nehmaa
et al. determined that E. coli strains from bladder
cancer patients showed complete resistance to
ceftizoxime, cefsulodin, cefuroxime, and nor-
floxacin, and high resistance to piperacillin
(94.73%), ticarcillin (94.63%), trimethoprim
(91.13%), and tetracycline (90%). They also
showed significant susceptibility (>85%) to
ceftazidime/avibactam, amikacin,
meropenem, and gentamicin (37).

imipenem,

Research conducted in Iran by Derakhshandeh
and associates on uncomplicated urinary tract
infections caused by E. coli positive for the cnfl
gene showed that the isolates exhibited re-
sistance to  trimethoprim-sulfamethoxazole
(SXT) (74.1%), cefotaxime (CTX) (68.2%), and
amoxicillin-clavulanic acid (AMC) (94.1%)
(38). Another study conducted in Egypt by El-
Gendy et al. found that the microbiota isolated
from cancer patients exhibited high resistance to
B-lactams, cephalosporins, carbapenems, fluo-
roquinolones, B-lactamase inhibitors, folate syn-
thesis pathway inhibitors, phosphonic acids,
aminoglycosides, polymyxins, tetracyclines,
macrolides, and chloramphenicol antibiotics
(39). Other studies demonstrate varying degrees
of antibiotic resistance (40,41).
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