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Abstract. Urinary tract infection (UTI) is associated with inflammatory activation
involving cytokines and microRNAs (miRNAs). However, the relationship between
tumor necrosis factor-alpha (TNF-a), miRNA expression, immune cell profiles, and
renal function remains unclear. The present study aimed to evaluate TNF-a, miR-125,
and miR-155 expression in women with UTI and assess their association with immune
cell profiles and kidney function.

Methods. This cross-sectional study included 123 women with culture-confirmed UTI
and 40 healthy controls. Hematological and biochemical parameters were measured,
and expression levels of TNF-a, miR-125, and miR-155 were assessed using qRT-
PCR. Correlation analysis was performed to evaluate associations between molecular
markers, immune cell profiles, and kidney function.

Results. TNF-a, miR-125, and miR- 155 expression levels were all significantly higher
in UTI patients compared with controls (all p < 0.05). TNF-o expression was positively
correlated with miR-155 (r = 0.515, p = 0.01) and miR-125 (r = 0.459, p = 0.024),
while a strong correlation was observed between miR-125 and miR-155 (r = 0.734,
p < 0.0001). miR-125 was associated with lymphocytes (r = 0.545, p = 0.0058),
eosinophils (r = 0.406, p = 0.049), and monocytes (r = 0.406, p = 0.049), while miR-
155 was correlated with lymphocytes (r = 0.462, p = 0.023). No significant correlations
were found between TNF-a or miRNAs and renal function markers (p > 0.05).
Conclusions. TNF-a is associated with microRNA expression in UTI. microRNAs show
stronger relationships with immune cell profiles, while neither TNF-a nor microRNAs
are associated with kidney function.

Key words: urinary tract infections, tumor necrosis factor-alpha, microRNASs,
inflammation, kidney function, biomarkers.
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Bypya H. Haiidpa, Caxap M. Xycceiin

Acomnjanis ekcnpecii TNF-a Ta mikpoPHK 3 imynnum npodinem i pynkuiero
HUPOK Y KIHOK 3 iH(heKIisIMA Ce40BOI CUCTEMM: MONEPeYHe T0CIiKEHHS

Kadenpa meagnuHoi Ta MOJIEKyIsIpHOI OioTexHooril, Konemxk 6ioTexHoJIorii,
VruiBepcuret Anb-Haxpeiin, barnan, Ipak

Pestome. Iugeryis cenosoi cucmemu (ICC) acouitoemocs 3 akmusauicio yumoxkinie i mikpoPHK (miRNA). O0-
HAaK 83a€M038 430K Mixc hakmopom Hekpo3y nyxaunu-arsgpa (TNF-a), excnpecicro mikpoPHK, npoghinamu imynnux
KAImMUH § QQYHKYIEI0 HUPOK 3AAUUAEMbCA HeAOCMAMHbO 3’ AC08aHUM. Memoro ybo2o 0ocaiodiceHHs 0YA0 OUiHUMU eKcnpe-
cito TNF-a, miR-125i miR-155y acinok 3 ICC ma eusnayumu ix acouyiayito 3 npoghinsamu iMyHHUX KAimuH i QQyHKYiE0
HUPOK.

Memoou. J[o yboeo nonepeuroeo docaioxcenHs 6yn0 exarouerHo 123 xcinku 3 kyavmypanvro niomeepoxcernoro ICC
ma 40 300posux oci6 KoHmpoavHoi epynu. Busnauaiu eemamonoeiuni ma o6ioximiuni nokasnuxu, pieti excnpecii TNF-a,
miR-125i miR- 155 ouintoeanu 3a donomoeoro qRT-PCR. /I oyinku acoyiayii Midc MOAeKYAAPHUMU MADKEPAMU, NPO-
Qinamu imyHHUX KaimuH [ PYHKYIEI HUPOK 0YA0 NPOBEOeHO KOPeASUilIHUIL AHANI3.

Pezyaomamu. Pieni excnpecii TNF-o, miR-125 i miR-155 6yau docmogipro suwumu y nayienmok 3 ICC nopis-
HAHO 3 KoHmpoavHotr epynoro (yci p < 0,05). Excnpecis TNF-a nozumueno kopearosana 3 miR-155 (r=0,515; p = 0,01)
ma miR-125 (r = 0,459; p = 0,024), modi ax minc miR-125 i miR-155 cnocmepieanu cunvHuil KopeaayitiHuil 36 430K
(r=0,734; p < 0,0001). miR- 125 6yaa acouyiiiosana 3 aimpoyumamu (r = 0,545; p = 0,0058), eosunogiramu (r = 0,406,
p =0,049) i monouumamu (r = 0,406, p = 0,049), mooi six miR-155 kopenrosana 3 nimpoyumamu (r = 0,462; p = 0,023).

Jlocmogiprnux kopeasyii mine TNF-o abo mikpoPHK i mapkepamu @yuxuyii Hupok ne suseneno (p > 0,05).
Bucnosku. TNF-o acoyiroemocsa 3 excnpeciero mikpoPHK y xeopux na ICC. MikpoPHK demoncmpyroms docmo-
GIDHO 3HAYYWUI 83AEMO036 30K 3 npoinamu imyHHUX KaimuH, modi sk ani TNF-a ma mikpoPHK He acouirorosanucs 3

@yHKUi€ HUPOK.

KaouoBi ciioBa: inghexuii cevosusoi cucmemu, paxkmop nexpo3y nyxaunu-assgpa, mikpoPHK, 3ananenns, ¢ymni-

yis HUpoK, biomapkepu.

Introduction. Urinary tract infection (UTI) is
one of the most common bacterial infections affecting
women worldwide. It represents a significant clinical
and public health burden due to its high recurrence rate
and potential complications [1]. Most UTIs are caused
by Gram-negative bacteria, particularly Escherichia
coli, which possesses multiple virulence factors that
facilitate colonization of the urinary epithelium [2].
Following bacterial invasion, innate immune recep-
tors such as Toll-like receptor 4 are activated, leading
to the production of pro-inflammatory cytokines. Tu-
mor necrosis factor-alpha (TNF-a) plays an important
role in amplifying the inflammatory response and pro-
moting leukocyte recruitment [3]. In addition to cyto-
kine signaling, microRNAs have emerged as important
post-transcriptional regulators of immune responses.
MicroRNA-155 (miR-155) is recognized as a modula-
tor of inflammatory pathways and has been linked to
TNF-a signaling cascades [4]. Dysregulated expression
of miR-155 may contribute to persistent inflammation
and recurrent infection. Hematological and biochemi-

Wurood N. Nayyfa:
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cal alterations, including leukocytosis, eclevated C-
reactive protein, and kidney function changes, further
reflect systemic inflammatory activation in UTI [5].
However, the relationship between TNF-a, expression
and miR-155 regulation in UTI remains incompletely
understood [6]. Despite the growing interest in inflam-
matory biomarkers, limited data are available regard-
ing the combined evaluation of TNF-a and miR-155 in
UTI, particularly in relation to clinical and laboratory
parameters. In addition, data from this region remains
limited.

Although TNF-a and miR-155 are established
inflammatory mediators, their relationship with cellu-
lar inflammatory responses and clinical parameters in
UTI remains unclear. Therefore, this study aimed to
evaluate TNF-a, miR-125, and miR-155 expression in
women with UTI and to assess their association with
immune cell profiles and kidney function.

Material and methods

Study design and participants. This was an explor-
atory cross-sectional study conducted at Al-Fallujah
Teaching Hospital between October and December
2025. Ethical approval was obtained from the institu-
tional Ethics Committee (protocol 20250113 dated
October 26, 2025), and written informed consent was
secured from all participants in accordance with the
Declaration of Helsinki.
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Patients with culture-confirmed UTI were includ-
ed in the analysis. A separate group of healthy women
without symptoms of UTI was included for comparison
as a control group. Inclusion criteria included patient
age 18—60 years, female sex, clinically suspected UTI
defined by the presence of at least one typical urinary
symptom (dysuria, urinary frequency, or urgency), and
culture-confirmed bacteriuria (=10 CFU/mL). Ex-
clusion criteria included pregnancy, diabetes mellitus,
chronic inflammatory diseases, known chronic kidney
disease, antibiotic therapy within 72 hours before sam-
pling, incomplete laboratory data, or evidence of an-
other active infection.

UTI was diagnosed based on characteristic clinical
symptoms (dysuria, urinary frequency, and urgency) in
conjunction with positive urine culture findings, with
significant bacteriuria defined as >105 CFU/mL.

Healthy controls were selected from individuals
without clinical symptoms of UTI and without known
chronic inflammatory or kidney disecases. Where ap-
plicable, urine analysis and culture were performed to
exclude asymptomatic bacteriuria.

Sample_collection. Midstream urine samples were
collected in sterile containers for microbiological analy-
sis. Venous blood samples (6 mL) were collected from
each participant. Two milliliters were placed in EDTA
tubes for hematological and molecular analyses, and the
remaining blood was transferred into gel tubes for serum
separation. Serum samples were obtained by centrifuga-
tion at 4000 rpm for 7 minutes (approximately 2000 x g)
and stored at —20°C until biochemical analysis [7].

Bacterial isolation and identification. Urine samples
were cultured on nutrient agar and MacConkey agar
and incubated at 37°C for 24 hours. Lactose-ferment-
ing colonies were subcultured on Eosin Methylene Blue
(EMB) agar for further confirmation. Morphological
examination was performed using Gram staining [8].
Biochemical identification included indole, methyl red,
Voges—Proskauer, citrate utilization, oxidase, catalase,
and Triple Sugar Iron (TSI) tests according to standard
microbiological procedures [9]. Final confirmation of
bacterial isolates was achieved using the VITEK 2 auto-
mated identification system (bioM¢érieux, France).

Hematological analysis. Complete blood count
(CBC) parameters were measured using an automated
hematology analyzer based on electrical impedance and
photometric principles (Mindray BC-3000 Plus, Min-
dray, Shenzhen, China). White blood cell (WBC), red
blood cell (RBC), hemoglobin (HGB), platelet (PLT),
and differential leukocyte counts were recorded. All
measurements were performed according to the manu-
facturer’s instructions and standard laboratory proce-
dures [10].

Biochemical and inflammatory markers. Serum C-
reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were assessed as markers of systemic inflam-
mation. CRP was measured using a quantitative immu-
noturbidimetric method (Mindray BS-240, Mindray
Bio-Medical Electronics Co., Shenzhen, China); ESR

was determined using the Westergren method (Ves-Ma-
tic Cube 30, Diesse Diagnostica Senese, Siena, Italy).
Kidney function parameters, including serum urea and
creatinine, were measured using an automated clinical
chemistry analyzer (Mindray BS-240, Mindray Bio-
Medical Electronics Co., Shenzhen, China). All assays
were performed according to manufacturer instructions
and standardized laboratory protocols [11].

Molecular analysis. RNA extraction and quantifica-
tion. Total RNA, including small RNA fractions, was
extracted from whole blood samples using TRIzol™ re-
agent following the method described by Chomczynski
and Sacchi [12]. Briefly, samples were homogenized in
TRIzol, followed by chloroform-induced phase separa-
tion and centrifugation at 12,000 x g for 15 minutes. The
aqueous phase was collected, and RNA was precipitat-
ed using isopropanol. The RNA pellet was washed with
75% ethanol, air-dried, and resuspended in RNase-free
water. RNA samples were stored at —20°C until use.

RNA concentration and purity were determined
using the Qubit 4.0 fluorometer with RNA High Sen-
sitivity reagents (Thermo Fisher Scientific, USA), en-
suring accurate quantification of both mRNA and mi-
croRNA fractions.

Reverse transcription and gRT-PCR. Complemen-
tary DNA (cDNA) was synthesized using reverse tran-
scription Kits specific for mRNA and microRNA tar-
gets. For microRNA analysis, stem-loop reverse tran-
scription primers were used to enhance specificity [13].

Quantitative real-time PCR (qQRT-PCR) was per-
formed using gene-specific primers for TNF-a, miR-
155, and miR-125. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as the internal reference
gene for normalization of TNF-a mRNA expression,
whereas U6 small nuclear RNA was used as the refer-
ence control for microRNA analysis.

Amplification was conducted using a real-time
PCR system under optimized cycling conditions. Spec-
ificity was confirmed by melting-curve analysis, and the
absence of primer-dimer formation was verified. Rela-
tive gene expression was calculated using the compara-
tive Ct (2-AACt) method [14]. ACt values were calcu-
lated as Ct(target) — Ct(reference), and AACt values
were determined relative to the control group.

All qRT-PCR reactions were performed in tripli-
cate, and mean Ct values were used for further analysis.
Statistical comparisons between groups were performed
using ACt values, while fold change (2-AACt) was used
to describe relative expression levels.

Statistical analysis. Statistical analysis was per-
formed using SPSS software (version 31.0; IBM Corp.,
Armonk, NY, USA). Normality was assessed using the
Shapiro—Wilk test.

Data were expressed as mean * standard devia-
tion (SD) or median (interquartile range) as appropri-
ate. Comparisons between groups were performed us-
ing an independent t-test or Mann—Whitney U test,
depending on data distribution. Correlation analysis
was performed using Pearson or Spearman correlation
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coefficients. A two-tailed p-value < 0.05 was considered
statistically significant.

Results. Cohort characteristics. A total of 200 wom-
en with clinically suspected UTI were initially enrolled.
Of the patients, 150 cases were culture-confirmed. Of
them, 123 bacterial isolates were successfully recovered
and identified. The remaining patients were excluded
from the study due to insufficient growth or mixed cul-
tures. The control group consists of 40 healthy women
without clinical or laboratory evidence of UTI.

In women with UTI, gram-negative bacteria pre-
dominated among urine isolates, with Escherichia
coli representing the most frequent pathogen (n = 84,
67.4%), followed by Klebsiella pneumoniae (n = 22,
17.9%). Other isolates included Enterococcus faecalis
(n=12, 9.8%) and Proteus mirabilis (n =6, 4.9%).

The baseline clinical and laboratory charac-
teristics of the study population are summarized in
Table 1.

Table 2
Hematological and biochemical parameters in UTI patients and healthy controls

Parameter (unit) UTI patients (n=60) Healthy controls (n=20) P-value
WBC (x10%/pL) 9.26 £218 165 £171 0.032
NEUT (%) 62.00 (32.39-79.39) 60.87 (53.60-66.59) 0.0001
LYMPH (%) 15.90 (9.54-28.60) 3049 + 530 0.010
MONO (%) 5.35 (245-762) 523 +1.65 0.031
EOS (%) 123 (0.55-197) 2.56 = 0.91 0.004
BASO (%) 0.21(010-0.31) 053+0.25 0.027
RBC (x108/uL) 5.09+0.70 522 + 0.50 0.618
HGB (g/dL) 13.28 +1.97 14.54 £1.02 0.341
HCT (%) 4370 £6.79 4158 £3.27 0.553
PLT (x10%/uL) 285.61 + 6741 30618 (222.36-382.30) 0.826
CRP (mg/L) 4726 (26.08-6513) 258 +1.25 0.001
ESR (mm/hr) 7475 (67.06-78.57) 10.32 (510-16.74) 0.0006
Creatinine (mg/dL) 141(0.71-6.89) 0.86 £ 016 <0.0001
Urea (mg/dL) 4219 (20.34-5513) 2756 + 912 0.329

Data are presented as M = SD for normally distributed variables and median (Q25—Q75) for non-normally distributed variables.

Abbreviations: WBC, white blood cells; NEUT, neutrophils; LYMPH, lymphocytes; MONQO, monocytes; EOS, eosinophils; BASO,
basophils; RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; PLT, platelets;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Compared with controls, UTI patients showed a
clear inflammatory profile, with higher WBC count, CRP,
ESR, creatinine, and urea levels, together with lower lym-
phocyte percentage. Hemoglobin, RBC count, and plate-
let count did not differ significantly between groups.

Relative expression of TNF-o, miR-125, and
miR-155 in UTI patients and healthy controls. The ex-
pression levels of TNF-a and microRNAs were high-
er in patients with UTI compared to healthy controls
(Table 2).

Table 2
Relative expression of TNF-a, miR-125, and miR-155 in UTI patients and healthy controls
Parameter UT[Lp::'g}ts Healthy controls (n = 40) Fold change (2-AACt) P-value
miR-125 (ACt) -15.20 + 0.60 -13.61+ 452 1 3.0-fold 0.041
miR-155 (ACt) -3.20+ 050 =173 + 44 T 2.8-fold 0.008
TNF-a (ACH) 318 =047 2357 + 4,56 T 15x108-fold <0.0001

Data are presented as mean = SD. ACt = Ct(target) — Ct(reference).

Lower ACt values indicate higher gene expression. Fold change calculated relative to the control group using the 2-AACt method.
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TNF-a levels increased significantly in UTI pa-
tients. The ACt value was much lower in patients than
in controls, indicating a very high level of gene expres-
sion (p < 0.0001). miR-155 was also significantly in-
creased in UTI patients. Its expression was about 2—3
times higher than in controls (p = 0.008), suggesting
an important role in inflammation. miR-125 showed
a smaller but still significant increase in patients com-
pared to controls (p = 0.041). Overall, both TNF-a and
miR-155 were clearly elevated in UTI, which reflects
activation of the inflammatory response.

Correlation analysis demonstrated significant pos-
itive associations between TNF-a expression and both
microRNAs. TNF_dCt was positively correlated with
miR-155 dCt (r = 0.515, p = 0.0100) and miR-125
dCt (r = 0.459, p = 0.0241). In addition, a strong posi-
tive correlation was observed between miR-125_dCt
and miR-155 dCt (r=0.734, p < 0.0001).

Association of TNF-a, miR-125, and miR-155 with
immune cell profiles and kidney function. MicroRNA ex-
pression was significantly associated with immune cell
profiles. miR-125 dCt showed positive correlations
with lymphocyte percentage (r = 0.545, p = 0.0058),
eosinophils (r = 0.406, p = 0.0493), and monocytes (r
= 0.406, p = 0.0493). miR-155_dCt was also positively
correlated with lymphocytes (r = 0.462, p = 0.0232).
In contrast, TNF-a showed weaker and mostly non-
significant associations with immune cell parameters,
with only a borderline association with lymphocytes (r
=10.338, p=0.0679).

No significant associations were observed between
TNF-a or microRNA expression and kidney function
markers. TNF_dCt was not correlated with creatinine
or urea (p > 0.05), and similar non-significant findings
were observed for miR-125_dCt and miR-155_dCt.

Discussion. In this study, we show that women
with culture-confirmed UTI have markedly increased
expression of the TNF-a gene and of two immune-re-
lated microRNAs, miR-125 and miR-155, compared
with healthy controls. These changes are accompanied
by a classic systemic inflammatory profile, including
higher WBC count, CRP, and ESR. The extreme el-
evation of TNF-a gene expression (over a million-fold
at the mRNA level) suggests the central role of this cy-
tokine in the host response to UTI, and is consistent
with previous reports that TNF-q is upregulated in the
urinary tract and in urine during bacterial infection
[15, 16].

A key novel aspect of our findings is the parallel
increase of miR-125 and miR-155 in UTI patients, to-
gether with strong positive correlations between these
microRNAs and TNF-a gene expression. miR-155 is
a well-known pro-inflammatory miRNA that amplifies
immune activation in infections and kidney-related dis-
eases, and elevated circulating or urinary miR-155 has
been reported in other inflammatory and renal condi-
tions. Our data extend this picture to UTI, showing that
miR-155 rises about 2.5—3 times in patients and that its
expression is tightly linked to miR-125. This suggests

that both miRNAs may be co-regulated through shared
inflammatory pathways, such as NF-«xB or TLR signal-
ing, although the exact upstream regulators need fur-
ther mechanistic study [17].

The observed association between miR-125 and
miR-155, and their joint correlation with TNF-q, im-
plies that they may act as part of a coordinated molecular
network that shapes the immune response during UTI.
While previous work has mainly focused on miR-155
in nephrolithiasis and chronic kidney disease [18, 19],
our study is among the first to link both miR-155 and
miR-125 with TNF-a gene expression and distinct im-
mune-cell shifts in women with UTI. Our findings add
to the growing evidence that microRNAs can serve as
sensitive molecular markers of inflammatory activation
beyond traditional laboratory parameters such as CRP
or WBC.

Importantly, our results show that microRNA ex-
pression is more closely tied to immune-cell profiles
than to classical kidney-function markers. miR-125
was positively correlated with lymphocytes, eosino-
phils, and monocytes, whereas miR-155 also correlated
with lymphocyte percentage. These associations suggest
that miR-125 and miR-155 may influence or reflect the
composition and activation state of circulating immune
cells, possibly favoring lymphoid- or myeloid-rich in-
flammatory responses in the blood during UTI. In
contrast, TNF-a gene expression was less strongly as-
sociated with differential leukocyte counts and instead
showed a closer relationship with systemic hematologi-
cal parameters, such as hemoglobin and platelet count,
which we reported in earlier analyses. This pattern
supports the idea that TNF-a mainly reflects systemic
inflammatory and hematopoietic activity, whereas the
microRNAs may better mirror immune-cell phenotype
and activation.

Despite the strong inflammatory signature, we
found no significant association between TNF-a,
miR-125, or miR-155 and creatinine or urea levels, and
no differences in these markers between patients with
and without renal impairment. This contrasts with some
studies in chronic kidney disease, where TNF-a and
miRNAs have been reported to correlate with estimated
glomerular filtration rate and kidney function decline
[20, 21]. In our cohort, UTI-associated inflammation
may be intense but still within a range that does not yet
tightly track with standard markers of kidney function.

Methodologically, our findings are strengthened
by a relatively large sample of culture-confirmed UTI
cases, clear quantification of TNF-o, miR-125, and
miR-155 by qPCR, and correlation with hematologi-
cal, biochemical, and leukocyte-profile data. However,
several limitations should be noted. First, the study
population is limited to women, so the results may not
generalize to men or children. Second, the sample size
was limited to a single clinical center, which may af-
fect the generalizability of the results. Third, only two
molecular markers were analyzed, whereas other in-
flammatory cytokines and microRNAs may also par-
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ticipate in the immune response associated with urinary
tract infection. Fourth, baseline kidney function data
were not available, which may limit differentiation be-
tween transient inflammation-associated renal chang-
es. In addition, the absence of multivariable regression
analysis limits the interpretation of TNF-o and miRs
as independent markers. Detailed clinical parameters,
including fever, flank pain, obstruction, sepsis, medi-
cation use, and hydration status, were not systemati-
cally captured. Therefore, the clinical context of renal
function alterations could not be fully characterized.
In addition, the short recruitment period may limit the
temporal representation of the study population. Final-
ly, urinary levels of TNF-o and miR-155 were not as-
sessed, which may have provided more localized insight
into urinary tract inflammation. Future studies involv-
ing larger populations and broader molecular profiling
are recommended. In general, the molecular technique
is widely applied in medicine filed, it is used to diagnose
urinary tract disorders [23-31].

Conclusions. In summary, our data demonstrate
that UTI is associated with upregulation of TNF-a,
miR-155, and miR-125, with miR-125 and miR-155
showing stronger correlation with circulating im-
mune-cell profiles than with kidney-function markers.
This supports the concept that microRNAs may act as
sensitive regulators and indicators of immune-cell dy-
namics during UTI-related inflammation, while TNF-a
reflects broader systemic and hematological responses.
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