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Role of MAPK p38 Gene Expression among UTI Patients
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Background: Urinary tract infections (UTIs) are an inflammation of the urinary tract, caused mainly by acquired infections. The
main cause of UTIs is Proteus mirabilis and is linked to very serious and complicated conditions. Anti-microbial drug resistance
has become a global concern recognized by the World Health Organization. Mitogen-activated protein kinases (MAPKs) operate
upstream of many proinflammatory pathways, the regulation of inflammation and the inflammatory response associated with
MAPK p38 signaling, and the expression of proinflammatory molecules. Objective: Detection of MAPK p38 gene expression
by using real-time PCR (relative gene expression) among UTTI patients with multidrug-resistant Proteus mirabilis. Materials and
Methods: Mid-stream urine samples were collected from patients suspected to get UTI. A total of 280 urine specimens and 40
blood specimens (2-3 mL) of venous blood were attained by venipuncture from all subjects (patients and controls) involved in
this study, admitted to Al-Hilla Teaching Hospital from both sex and different ages during the period from May 2023 to October
2023. The Vitek2 system was used for identification and antibiotic susceptibility of bacterial isolates. RNA extraction from fresh
whole blood specimens was followed by the detection of gene expression of MAPK p38 by real PCR technique. Results:Results
showed that according to microscopical, phenotypic, biochemical tests, and VITEK?2 system, out of the whole urine samples,
only 25/280 (8.93%) isolates were confirmed to be Proteus mirabilis. Antibiotic susceptibility for Proteus mirabilis isolates against
17 antibiotics showed maximum resistance to both tigecycline and nitrofurantoin as 100%, with 92% resistance to imipenem.
Minimum resistance was for cefoxitin, ciprofloxacin, gentamicin, and ertapenem at 12% and amikacin, cefepime, piperacillin
at 4%. The present study showed that MAPK p38 was upregulated and highly expressed among patients with UTIs caused by
Proteus mirabilis in comparison with control. Conclusion: The expression of MAPK p38 gene was increased in UTI patient with
MDR Proteus mirabilis when compared with the control group. Proteus mirabilis exhibited high resistance to both tigecycline and
nitrofurantoin.
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found to be antibiotic misuse, especially with regard to
broad-spectrum antibiotics.*#

INTRODUCTION
Urinary tract infections (UTIs) are significantly associated

with morbidity, especially in pregnant women and children
that high-risk groups, and even people with weakened
immune systems. Bacteria invade and colonize broad-
spectrum parts, including the bladder and urethra ureter
that part from the urinary system. Dysuria is a clinical
manifestation of UTIs, which can lead to hypertension
and renal failure.!! Proteus mirabilis, an agent of catheter
biofilm growth, quickly contaminates the surface of a
recently implanted urinary catheter.”

Antibiotic-resistant bacteria are becoming a greater
worldwide hazard to public health, according to the
WHO. A possible source of MDR bacteria has been
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Multidrug-resistant (MDR) bacteria are the spread of
gram-negative, a public health issue.l’) In recent years,
Proteus mirabilis is the MDR Enterobacteriaceae with the
greatest extended-spectrum beta-lactamases (ESBL) and
carbapenemase synthesis implicated in UTIs. Antibiotic
resistance is caused by bacteria-building biofilms due to
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limited antibiotic penetration and expression of resistant
genes, as a result of these factors, indwelling medical
devices (IMDs) are the most sensitive to biofilm producing
microbial colonizers.[

Mitogen-activated protein kinase (MAPK p38) is a vital
component of many biological processes. To control the
host’s immunological response, the kinase is triggered in
response to environmental stressors such as inflammation
and bacterial infections. However, recent research has
shown that pathogens may control MAPK p38 signaling
to their advantage in order to either cause or avoid host cell
death.[” One of three distinct families of MAPKSs (p42/44
or ERK kinase, JNK kinase, and p38 kinase) is MAPK
p38, is currently targeted for anti-inflammatory therapy,
and is a critical enzyme for cytokine TNF production.®
The MAPKSs p38 are activated by stress and play key roles
in balancing cell survival and death in response to both
extracellular and intracellular stresses.”)

Aim of study

The aim of this study is to detect the expression of MAPK
p38 gene by using real-time PCR (relative gene expression)
among UTI patients with MDR Proteus mirabilis.

MareriaLs AND MEeTHODS

Patients

In a cross-sectional study, a total of 280 urine samples
were collected from patients suspected by the urologists of
having UTI and admitted to Al-Hilla Teaching Hospital
from both sexes and different ages during the period from
May 2023 to October 2023, followed by 20 blood specimens
from UTl-infected patients by Proteus.

Control

Twenty individuals with the clinical diagnosis are suggested
to be free from any signs and symptoms of UTI infection,
with negative urine cultures, agreed to participate in this
study as a control. Blood specimens were taken from all
those participants for RNA extraction in order to be used
for molecular study.

Inclusion criteria

Patients with signs and symptoms of UTI who met the
diagnostic criteria were included, with only those diagnosed
with Proteus mirabilis positive culture.

Exclusion criteria

This study excluded individuals with any chronic diseases,
other evident infectious diseases, any bacterial growth
other than Proteus mirabilis and fungal growth, and those
who refused to participate.

Blood specimens collection

Aseptically, 2-3 mL of venous blood were attained by
venipuncture from all subjects (patients and controls)
involved in this study for RNA extraction for molecular
study and gene expression.

RNA extraction from human blood

The RNA extraction from fresh whole blood specimens was
carried out according to the manual of the manufacturer
of Promega company.

PCR amplification

Primer pairs used in this study [listed in Table 1] were
purchased from Macrogen, Korea in lyophilized form
and rehydrated by nuclease-free water to be used for
conventional PCR according to the conditions at Table 1.

Gene expression procedure

1. Prepared all reagents RNA, primers, and GoTaq 1-step
RT-qPCR reaction mix.

2. Thawed the components of the GoTaq 1-step RT-qPCR
system, the RNA templates, and the primer pair on ice,
at room temperature or 37°C. Immediately mix each
thawed component thoroughly.

3. Added 16.3 pL from the master mix component to the
PCR tube.

4. 3.7 uL from RNA added to PCR tube containing
master mix component.

5. Mixed gently after each addition by vortex.

6. Transferred plate into the preprogrammed instrument.
Start the run immediately.

7. When the run is completed, collect the data and analyze
the results.

Gene expression calculated

The data of the gene of interest relative to some calibrator
or internal control gene is relative to gene expression. This
method A widely used to present relative gene expression
is the comparative CT method also referred to as the 2744<T
method.!!"

Table 1: Primers sequence and condition used in RT-gPCR P38 gene expression

Primer name Sequence 5°-3’ Step Temp/Time/c

P38-177b-F (5-TGTTCAGAGGAGCCAATCC-3) Reverse transcription 37°C 15 min

P38-177b-R (5-GCTCCATGTCCTCAAAGCTC-3) Reverse transcription inactivation and GOTaq DNA polymerase  95°C 10 min
activation 95°C 10's
Denaturation 57°C30s
Annealing 72°C 30s
Extension
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Ethical approval

This study was approved by the committee of publication
ethics at the College of Medicine, Babylon Province,
Iraq, under reference No. BMS/0203/016. Verbal consent
was obtained from patients. This is necessary ethical
approval in all groups of study. The statistical analysis and
descriptive statistics were proceeded and analyzed by using
t test and Chi-square. P value < 0.01 was considered to be
all analyzes which were performed with statistical package
for the social sciences (SPSS) for Windows version 26.

ResuLr

Demographic characteristics of patients with UTI

The present study comprised 280 patients with UTIs as
suggested by the urologists. The mean age of patients was
34.29 + 13.27 years, ranging from 10-70 years.

Antibiotic susceptibility and identification of Proteus
mirabilis isolates

Proteus mirabilis isolates identification and detection of
antibiotic susceptibility using VITEK?2 system, as results

25 (8.93%)

|wl Proteus mirabilis

|l Negative

Figure 1: Percentage of Proteus mirabilis isolated from UTI patients

showed that out of the whole urine samples, only 25/280
(8.93%) isolates were confirmed to be Proteus mirabilis, as
shown in Figure 1.

Later on, susceptibility was detected against 17
antibiotics used in this study as shown in Figure 2.
Maximum resistance was observed for both tigecycline
and nitrofurantoin as 100%, with 92% resistance to
imipenem. Approximately 50% of isolates showed
resistance to amoxicillin, ceftazidime, and cefazolin,
while about 40% of Proteus were resistant to ampicillin
and ceftriaxone. On the other hand, approximately
25% of Proteus were resistant to levofloxacin and
trimethoprim, whereas the minimum resistance was
for cefoxitin, ciprofloxacin, gentamicin, and ertapenem
at 12% and amikacin, cefepime, piperacillin at 4%,
this minimum resistance is highly sensitive for these
antibiotics.

Gene expression of MAPK p38 by RT-PCR quantitation
For a total of 20 blood patient samples and 20 blood
control samples, RNA was extracted to detect the gene
expression of MAPK p38 by RT-qPCR (relative gene
expression [2ACt] methods. In this method, the expression
levels of MAPK p38 gene in the test sample as well as in
control sample were normalized with house-keeping gene
(SFRP-1) as shown in Figure 3.

Normalizing reaction cycle thresholds (CTs) are used to
determine the relative expression levels of target genes
to the housekeeper genes (SFRP-1). The relative mRNA
expression levels of target genes were calculated using
PCR efficiencies and mean crossing point deviations
between samples and controls that were determined by
ACT values. These values were used in the AACt equation
for calculation.
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Figure 2: Frequency distribution of antibiotic resistance for Proteus mirabilis isolates isolated from UTI, against 17 antibiotics by VITEK2 system

-Medical Journal of Babylon | Volume 22 | Supplement 1 | June 2025




Abood, et al.: Role of MAPK p38 gene expression among UTI patients

CT

100

80-.
70—
60_.
50
40_
30
20—
10

dRn

45
Cycle

Figure 3: MAPK p38 gene expression level. This is the first 20 samples that represents amplification of reference gene (SFRP-1) and represents

amplification of samples patients and control samples

Table 2: MAPK p38 fold gene expression in control and
patients versus the reference gene (SFRP-1)

Group No Expression level of p38 P value
Mean SD SE

Patient 20 5.23 1.004 0.224 0.0001

Control 20 1.35 0.93 0.208

SD: standard deviation, SE: standard error independent samples 7 test

Table 3: MAPK p38 (CT) expression in control and patients
versus the reference gene (SFRP-1)

Group No Expression level of CT P value
Mean SD SE

Patient 20 24.2 1.98 0.444 <0.05

Control 20 25.5 1.41 0.315

SD: standard deviation, SE: standard error

The results described MAPK p38 gene fold using mean
crossing point deviations between samples and controls
and real-time PCR efficiencies and represent a significant
difference at P <0.0001 as shown in Tables 2 and 3. They
showed the MAPK p38 gene (CT) expression in UTI
patients associated with Proteus mirabilis infection and
represent a significant difference at P < 0.05. The MAPK
p38 gene (CT) expression in UTI patients is associated
with Proteus mirabilis infection and represents a significant
difference at P < 0.05 [Figure 4].

Discussion

UTTI is one of the most common types of infections in
the local community, and vulnerability of uropathogens
to commonly applied antibiotics has decreased during
recent years. The mean age of patients was 34.29 + 13.27.
The results indicated that the Proteus mirabilis resistance
to some antibiotics has increased with the prescription
of years, because of the random and wrong use of these
antibiotics and increasing the rate of Proteus infections.
On the other hand, the bacterium produces 5-lactamases,

8,004
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4.001

P38 fold gene expression

2.00+
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control patient

group

Figure 4: MAPK p38 gene expression fold among control and UTI
patients versus the reference gene (SFRP-1)

especially extended-spectrum f-lactamases (ESBLs), by
this bacteria as well as, transfer genetic elements carrying
the genes of these enzymes, and number of mutations
occur with these type of enzymes leading to increase
resistance to antibiotic especially 5-lactam, in addition to
other mechanisms such as or alteration the access to the
target site by modification of penicillin-binding proteins
(PBPs) and alteration the target site.!:!?

Penicillin group (ampicillin, amoxicillin, and piperacillin)
in this study revealed a moderate resistance at 40%, 52%,
and 4%, respectively; this result corresponds with other
studies!" from Russia and!'"¥ Czech, as their results were
45.7% and 23%, respectively. Also, other studies such
ast™ from Iraq and!® KSA[I” found that resistance to
ampicillin was 75%, 80%, 61.9%, and 71.4%, respectively.
The results of the carbapenem antibiotic ertapenem show
high sensitivity but imipenem showed high resistance of
Proteus (92%).

The current study showed high resistance to both
tigecycline and nitrofurantoin (100%), similar to a study!'®
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that showed high resistance to nitrofurantoin (92.5%)
and similar to a study!'”! as most isolates were resistant to
nitrofurantoin (88.9%); while Talebi et al. (2023) showed
lowest resistance for nitrofurantoin (6.8%). Antibiotic
medication is used for the treatment of uncomplicated
lower UTIs. It is effective against most Gram-positive and
Gram-negative organisms. Nitrofurantoin is also primary
usage which has remained in prophylaxis and treatment
of UTL!I20

Gentamicin and amikacin (aminoglycosides) remain
effective such as against Proteus mirabilis infections,
similar to the study.?'*? Moreover, high susceptibility to
the fluoroquinolone antibiotic (ciprofloxacin) coincides
with other studies® whose results noted higher level of
sensitivity (60.23%)

Finally, about 60% of Proteus was resistant to
ceftriaxone, consistent with the study?? from Indonesia
and with the study® from Iraq found 52.5% and 58%,
respectively. Proteus mirabilis showed high sensitivity
to ciprofloxacin, amikacin, cefepime, and piperacillin
antibiotic; thus, these antibiotics could be the most
effective and the drugs of choice for infections caused by
Proteus mirabilis.

Gene expression of MAPK p38 by RT-PCR quantitation
The present study showed that MAPK p38 was
upregulated and highly expressed among patients with
UTI caused by Proteus mirabilis than the control. The
expression of MAPK p38 is significant among UTIs due
to its involvement in various aspects of UTI pathogenesis.
Additionally, the present study found that the expression
of MAPK p38 gene increased in UTI patients with Proteus
mirabilis when compared with the control group, so the
expression gene increased by more than 7% fold when
compared with the control group.

In an organism, the expression of genes can be influenced
by the environment, including the organism’s internal
as well as world external world in which the organism is
located or developed, which includes such factors as its
hormones and metabolism.

The expression of MAPK p38 has been investigated in
various studies related to UTIs. The study? found that
MAPK p38 plays an important role in lower urinary
tract dysfunction in mice with spinal cord injury. Another
study® showed that activated MAPK p38 by TcpC,
a virulence factor of uropathogenic Escherichia coli
(UPEC), contributes to the production of macrophage
inflammatory protein-2 (MIP-2) in kidney cells.

Additionally,?? the study observed that increased
expression of MAPK p38 in the renal cortex of rats
treated with gentamicin, suggesting its involvement in the
pathogenesis of tubulointerstitial nephritis. Therefore,
MAPK p38 expression is intricately linked to UTIs and

associated complications. Moreover, the expression of
P38 increases in disease due to disease-induced changes
rather than being disease-causing.’” The gene expression
increases in disease due to a significant genetic component
affecting transcriptional networks, particularly in
adipose tissue, leading to conditions like obesity through
inflammatory and immune response genes.”®

The high expression of MAPK p38 is reported in the
present study and others that activate the MAPK p38
pathway in these diseases may reflect the presence of
cytokines or growth factors.?”)

CoNncLuSION

High rates of antibiotic resistance were observed among
most of the isolates, making them difficult to treat.
Amikacin, cefepime, and piperacillin can be considered the
top options for the treatment of MDR Proteus mirabilis
UTIL

The significant increment in MAPK p38 gene expression
among patients with Proteus mirabilis urinary tract
infection makes it a good biomarker for UTIs.
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