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Plain English Summary

Pyelonephritis is a kidney infection that starts in the lower urinary tract and ascends to the kidneys. This
infection activates the immune system and causes the release of molecules called cytokines. This study
investigated three cytokines, TNF-q, IL-183, and IL-33, to understand their levels in infected versus healthy
individuals. We also compared short-term (acute) and long-term (chronic) infections. Blood samples were
tested using a lab method called ELISA.

Our findings showed that people with kidney infections had higher levels of TNF-a and IL-13 compared to
healthy individuals. These two molecules were especially elevated in chronic cases, suggesting they might
be useful in diagnosing or tracking the progression of the infection. IL-33 levels were also higher but did not
show strong reliability as a diagnostic tool. We conclude that TNF-a and IL-1B8 could help identify and
manage pyelonephritis, while IL-33 might not be suitable for that purpose.
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Introduction

Ascending pyelonephritis (APN) is a severe form of
kidney infection that originates from the lower
urinary tract. If not promptly treated, it may result in
renal damage or systemic complications (1).
Clinical symptoms include flank pain, fever, chills,
nausea, vomiting, and dysuria (2). Risk factors
include diabetes, anatomical abnormalities,
immunosuppression, and hospital-acquired
infections (2). Differentiating between APN and
chronic pyelonephritis (CPN) is critical for clinical
management.

Acute Pyelonephritis (APN) is characterised by an
abrupt onset of high fever and flank pain, typically
due to bacterial invasion of the renal parenchyma
(3). It is often reversible in immunocompetent
patients (4). Whereas Chronic Pyelonephritis
(CPN) may result from repeated infections or
unresolved acute infections. It may lead to
complications like hypertension or renal scarring
(5). Emphysematous Pyelonephritis: A life-
threatening infection with gas-forming bacteria and
high  mortality (6).  Xanthogranulomatous
Pyelonephritis: A rare form characterised by
granulomatous inflammation, often associated with
renal calculi (7).

TNF-a is a crucial pro-inflammatory cytokine
involved in pathogen clearance and immune
regulation (8, 9). IL-1B enhances inflammation by
recruiting immune cells (10, 11, 12). IL-33, a
nuclear cytokine, participates in tissue repair and
Th2 responses, but its exact role in pyelonephritis
remains unclear (13, 14, 15).

Despite the availability of clinical diagnostic tools,
the accurate and timely identification of
pyelonephritis remains a challenge, particularly in
distinguishing acute from chronic forms. Previous
studies have highlighted the role of inflammatory
cytokines as biomarkers for infection and tissue
damage, but few have systematically compared the
profiles of TNF-a, IL-18, and IL-33 in pyelonephritis
patients (8, 9, 10, 11, 12, 13, 14, 15). Although IL-
33 is a member of the IL-1 cytokine family, its role
in renal infections remains underexplored;
investigating its expression in pyelonephritis may
uncover novel insights into its immunomodulatory
and tissue-repair functions within the renal
microenvironment. This gap underscores the need
for further investigation into the diagnostic and
prognostic utility of these cytokines.

The objective of this study was to assess the serum
levels of TNF-a, IL-1B, and IL-33 in patients with
pyelonephritis compared to healthy controls,
examine differences between acute and chronic
presentations, and evaluate the sensitivity and
specificity of these markers using ROC curve

analysis. We hypothesised that TNF-a and IL-13
would show significantly elevated levels in
pyelonephritis patients compared to controls and
could serve as reliable diagnostic biomarkers,
whereas IL-33 might have limited predictive value
due to its dual roles in inflammation and tissue
repair.

While previous studies have explored inflammatory
cytokines in pyelonephritis, this study provides a
novel comparative analysis of TNF-q, IL-13, and IL-
33 across acute and chronic disease presentations

Materials and Methods

Study design and participants

A case-control study was conducted at Al-Sadder
Teaching Hospital between September 2024 and
January 2025. The study population included 120
participants: 60 healthy controls and 60 patients
clinically diagnosed with pyelonephritis, subdivided
into 30 with acute pyelonephritis (APN) and 30 with
chronic pyelonephritis (CPN). All participants were
between 13 and 70 years old. The sample size was
determined based on effect sizes reported in prior
studies evaluating cytokine levels in renal
infections, ensuring sufficient statistical power
(=280%) to detect significant differences between
groups.

Eligibility Criteria

Patients were eligible for inclusion if they were
between 13 and 70 years of age, had a clinical
diagnosis of pyelonephritis based on symptoms
(e.g., fever, flank pain, dysuria), and had
supporting laboratory findings such as positive
urine culture and pyuria. Acute pyelonephritis
(APN) was defined as the first episode of
pyelonephritis with acute onset of symptoms and
no prior renal scarring or structural abnormalities
on imaging. Chronic pyelonephritis (CPN) was
diagnosed based on a history of recurrent urinary
tract infections, radiological evidence of renal
scarring or calyceal deformity, and/or reduced
renal function. Exclusion criteria included current
immunosuppressive therapy, autoimmune
disease, diabetes mellitus, recent antibiotic use
within 10 days, pregnancy, and other active
systemic infections

Cytokine Quantification

Serum samples were analysed using a commercial
ELISA kit to determine the concentrations of TNF-
a, IL-1B, and IL-33. All cytokine measurements
were conducted using commercial ELISA kits
according to manufacturer instructions: TNF-a
(Elabscience, Cat. No. E-EL-H0109), IL-18
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(Elabscience, Cat. No. E-EL-H0149), and IL-33
(Elabscience, Cat. No. E-EL-H1565).

Principle of the ELISA Kit

The ELISA kit employed in this study utilises the
sandwich ELISA principle. Microplate wells are pre-
coated with antibodies specific to the cytokines of
interest. When standards and patient samples are
added to the wells, target antigens bind to the
immobilised antibodies. A horseradish peroxidase
(HRP)-conjugated detection antibody is then
added to form a cytokine-antibody-HRP complex.
Following incubation and washing, a substrate
solution is added that reacts with HRP to produce
a colour change. The intensity of the colour,
measured at 450 nm, is directly proportional to the
concentration of the cytokine.

Procedure of the ELISA Kit

All reagents were prepared and equilibrated to
room temperature before use. Standards and
diluted serum samples were pipetted into the wells
in duplicate. After incubation at 37°C for 30
minutes, wells were washed thoroughly to remove
unbound substances. HRP-conjugated detection
antibody was added, followed by a second
incubation and washing step. Substrate solution
was then applied, and the reaction was stopped
with a stop solution, changing the colour from blue
to yellow. Absorbance was read at 450 nm using a
microplate reader, and cytokine concentrations
were calculated using a standard curve.

Statistical Analysis
Data were analysed using IBM SPSS Statistics
version 26.0 (IBM Corp., Armonk, NY, USA). All

quantitative variables were expressed as mean %
standard deviation (SD). Due to the large standard
deviations observed in TNF-a and IL-33 levels,
data distribution was assessed using the Shapiro-
Wilk test and visual inspection of histograms and
boxplots. Mild skewness was detected, though no
extreme outliers were found. Therefore, parametric
tests were retained, and this variability was
acknowledged as a limitation.

Group comparisons were performed using
independent samples t-tests for normally
distributed data, and the Mann-Whitney U test for
non-parametric variables. Correlations among
cytokines were examined using Pearson’s
correlation  coefficient. Receiver  Operating
Characteristic (ROC) analysis was used to
evaluate diagnostic performance, reporting area
under the curve (AUC), sensitivity, specificity, and
statistical significance. A p-value < 0.05 was
considered statistically significant

Results

This study showed the difference in TNF-a, IL-1B
and IL-33 levels between patients and the healthy
group, as well as between ACP and CPN. The
distribution of TNF-a and IL-33 values revealed
considerable variability, as indicated by their high
standard deviations. Normality assessment
confirmed mild skewness but no extreme outliers,
allowing for continued use of parametric statistical
methods with appropriate caution.

Table 1 presents the number and percentage of all
participants in the research according to age group
and sex.

Table 1: Study groups according to age groups and sex.

Characteristic Patient group Healthy group p-value
n =60 h =60

Age group, n (%)

13-19 years 5(8.3%) 9 (15%) 0.247

20-29 years 8 (13.3%) 11 (18.3%)

30-39 years 15 (25%) 16 (26.7%)

40-49 years 16 (26.7%) 13(21.7%)

50-59 years 7 (11.7%) 9 (15%)

60-70 years 9(15%) 2(3.3%)

Sex

Male, n (%) 30 (50%) 28(46.7%) 0.855

Female, n (%) 30 (50%) 32 (53.3%)

Chi-Square test used at a significant level <0.05

The correlation between the healthy and patient
groups with age and sex in P-value shows there
was no significant difference (patients and healthy)

with age
value>0.05).

(P-value>0.05) and gender (P-
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Table 2 presents the comparative analysis of
serum cytokine concentrations between
pyelonephritis patients and healthy controls. TNF-
a levels were significantly higher in the patient
group (36.23 + 64.12 pg/ml) compared to the
control group (21.68 + 18.52 pg/ml; p = 0.023),
indicating increased inflammatory response in
infected individuals. IL-1B3 also demonstrated a

significant elevation in patients (15.17 = 27.82
pg/ml) compared to controls (8.04 + 7.00 pg/ml; p
= 0.001), further supporting its role as a key
mediator of renal inflammation. IL-33 levels
showed a significant rise in patients (23.19 + 36.88
pg/ml) relative to healthy individuals (12.52 + 8.96
pg/ml; p = 0.001), though variability was higher.

Table 2: Inmunological study in correlation with the patient group and healthy individuals.

Characteristic  Total patient N=60  Control group N=60  p-value
-Il\-/ll\el;qi SD 36.23 +64.12 21.68 + 18.52 0.023*
:\Iﬁ-eﬁ + SD 15.17 £ 27.82 8.04 £ 7.00 0.001***
:\Iﬁj;i +SD 23.19 + 36.88 12.52 + 8.96 0.001***

Independent t-test used at a significance level of 0.05
* Show the significant (p<0.05) difference between the total patients and the total controls
***Show the significant (p<0.001) difference between the total patients and the total controls

Table 3 compares cytokine levels between acute
and chronic pyelonephritis cases. Chronic cases
had significantly elevated TNF-a (48.71 + 87.62
pg/ml) and IL-1B (19.69 = 34.77 pg/ml) levels
compared to acute cases (TNF-a: 23.75 + 19.12
pg/ml; IL-1B: 10.65 + 17.98 pg/ml), with p-values of

0.013 and 0.007, respectively. IL-33 was also
significantly higher in chronic cases (28.02 + 46.53
pg/ml) than in acute cases (18.36 + 23.54 pg/ml; p
= 0.044), suggesting a potential association with
disease duration or severity.

Table 3: Immunological study in correlation with the type of pyelonephritis patients

Characteristic APN (N=30) CPN (N=30) p-value
TNF-a (mean £ SD) 23.75+19.12 48.71 £ 87.62 0.013*
IL-1B (mean £SD) 10.65+17.98 19.69+34.77 0.007**

IL-33 (mean = SD) 18.36 £ 23.54  28.02 £ 46.53 0.044*

Independent t-test used at significant level 0.05
* Show the significant (p<0.05) between acute and CPN

Table 4 presents the correlation coefficients
between the measured cytokines in pyelonephritis
patients. TNF-a showed a strong positive
correlation with IL-13 (r = 0.839, p < 0.01) and IL-
33 (r = 0.810, p < 0.01), indicating a co-regulated
inflammatory response among these cytokines.

Additionally, IL-13 and IL-33 exhibited a moderate
but significant correlation (r = 0.788, p < 0.01).
These findings suggest that while all three
cytokines are elevated in pyelonephritis, TNF-a
may act as a central mediator influencing the
expression of IL-13 and IL-33.

Table 4: The correlation coefficient between immunological parameters

Characteristics

Total patient n = 60

TNF-a IL-18 IL-33
TNF-a  Correlation Coefficient (r) 1
IL-1B Correlation Coefficient (r) 0.839** 1
IL-33 Correlation Coefficient (r) 0.810**  0.788** 1

Correlation is significant at the 0.01 level (2-tailed)

The sensitivity and specificity of immunological
parameters

Figure 1 illustrates the Receiver Operating
Characteristic (ROC) curve for TNF-a. The X-axis

represents the false positive rate (1 - specificity),
while the Y-axis represents the true positive rate
(sensitivity). The ROC curve analysis for TNF-a
showed an area under the curve (AUC) of 0.618,
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indicating a poor to fair discriminatory power to
distinguish between pyelonephritis patients and
healthy controls. The test was statistically
significant, with a p-value of 0.026, suggesting that
the observed difference is not due to chance.

The 95% confidence interval ranged from 0.516 to
0.719, which does not include 0.5, further
supporting the test's reliability in distinguishing
between the two groups.

ROC Curve
Source of the
Curve
Referance Line
— TNF-a

Sensitivity

0o

0.0 0z 0.4 06 oa 1.0

1 - Specificity

Figure 1: The ROC curve of TNF-a

Figure 2 presents the Receiver Operating accuracy in distinguishing pyelonephritis cases

Characteristic (ROC) curve for IL-1B. The X-axis
shows the false positive rate (1 - specificity), and
the Y-axis shows the true positive rate (sensitivity).

from healthy individuals. The result was statistically
significant (p= 0.036), suggesting that IL-18 may
have potential as a modest diagnostic biomarker

The ROC curve analysis for IL-13 revealed an AUC

for pyelonephritis. The 95% confidence interval
of 0.618, indicating a weak to fair diagnostic

ranged from 0.516-0.719.

ROC Curve

Source of the
Curve
-1p
—— Reference Line

oa

os

Sensitivity

o4

oo CE] 04 o6 o8 10

1 - Specificity

Figure 2: The ROC curve of IL-1B

As seen in Figure 3, The ROC curve of IL-33 figure
explain that the AUC for IL-33 was approximately
0.594, indicating a poor to fair diagnostic ability.
However, this result was not statistically significant

(p = 0.076), suggesting that IL-33 may have limited
discriminative power in distinguishing
pyelonephritis cases from controls. The 95%
confidence interval ranged from 0.492-0.695.

ROC Curve
Source of the
Curve
L33
Reference Line

os

Sensitivity

o4

oo

0.0 oz o4 o0& os 1o

1 - Specificity

Figure 3: The ROC curve of IL-33
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Discussion

The findings of this study are consistent with
previous research highlighting the pivotal role of
pro-inflammatory cytokines in urinary tract
infections, particularly in the context of ascending
pyelonephritis. The observed significant elevation
of TNF-a and IL-1B in patients compared to
controls supports their roles as immune response
mediators during infection and renal inflammation.
TNF-a, known for its ability to regulate immune cell
recruitment and activation (16, 17), has previously
been implicated in the pathogenesis of
pyelonephritis and other forms of renal
inflammation (18, 19). This study’s finding of higher
TNF-a levels in chronic pyelonephritis patients
aligns with the hypothesis that TNF-a levels may
reflect disease severity and duration (20).
Similarly, IL-1B8 plays an integral role in initiating
and propagating the inflammatory cascade during
infection. Its elevated levels in chronic compared to
acute cases underscore its potential as both a
diagnostic and prognostic biomarker. Prior studies
have shown that IL-1B is critical for activating
further cytokine production and immune cell
recruitment in response to bacterial invasion (21).
Its involvement in both innate and adaptive immune
responses in renal infections has been well
established (22, 23).

The study also assessed 1L-33, a less-
characterised member of the IL-1 cytokine family in
pyelonephritis.  Although IL-33 levels were
significantly elevated in patients, particularly in
chronic cases, their diagnostic performance was
comparatively weaker. This observation aligns with
existing literature suggesting that IL-33, while
capable of inducing Th2 responses and
contributing to tissue repair, may not serve as a
direct inflammatory marker like TNF-a or IL-113 (24,
25). Nevertheless, its significant correlations with
both TNF-a and IL-1B (r = 0.810 and r = 0.788,
respectively) suggest a regulatory interplay,
potentially mediated through shared upstream
signalling mechanisms (26). Previous studies have
suggested that TNF-a can induce IL-33 expression
in keratinocytes and other cell types (27).
Moreover, there is a lack of specific studies linking
IL-1B and IL-33 in the context of pyelonephritis.
However, findings from diabetic nephropathy and
periodontal disease research imply a possible
cross-regulatory role where IL-13 and IL-33
together modulate inflammation and tissue
remodelling (28, 29). The absence of IL-33's
predictive value in ROC analysis in this study might
be attributable to its broader function in
homeostasis rather than acute-phase immune
activation.

Given their significant elevation and strong
diagnostic performance, TNF-a and IL-13 could
potentially be used in clinical settings to identify
patients at higher risk for severe or chronic
pyelonephritis. Elevated TNF-a levels may support
earlier therapeutic intervention in high-risk patients
or serve as a marker for monitoring response to
treatment. Although IL-33 showed limited
diagnostic accuracy in ROC analysis, its significant
elevation in chronic pyelonephritis cases suggests
a role in ongoing immune regulation or tissue
remodelling rather than acute inflammatory
response. This aligns with prior literature indicating
IL-33's involvement in fibrosis and repair
mechanisms, particularly in chronic renal
inflammation. In clinical practice, TNF-a and IL-13
could serve as supplementary biomarkers to
traditional diagnostic tools, helping to stratify
patients based on severity and guide early
therapeutic decisions. For example, elevated TNF-
a may indicate a more aggressive inflammatory
response, prompting closer monitoring or early
antibiotic escalation, while persistently high IL-13
levels may suggest progression toward chronicity
In summary, this study confirms TNF-a and IL-1$3
as robust markers of inflammation in pyelonephritis
and suggests a supplementary, though limited, role
for IL-33 in reflecting disease chronicity. These
cytokines not only aid in understanding the disease
process but could also be harnessed for future
diagnostic or therapeutic purposes.

Study limitations

Several limitations must be acknowledged. The
sample size, though balanced between groups,
remains relatively small, limiting the generalizability
of the findings. Additionally, potential confounding
factors such as prior antibiotic use, co-existing
infections, and comorbidities (e.g., diabetes
mellitus, autoimmune disorders) were not
controlled for in the analysis. These factors may
have influenced cytokine expression and could
introduce bias in the interpretation of our findings.
Also, the cross-sectional design does not allow for
causal inference or the assessment of cytokine
trends over time. The large standard deviations
observed in TNF-a and IL-33 levels suggest
potential biological variability or mild skewness,
which, although addressed analytically, may limit
the precision of some estimates.

Conclusion

This study provides compelling evidence that TNF-
a and IL-1B are significantly elevated in patients
with ascending pyelonephritis compared to healthy
individuals. These cytokines also demonstrated
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superior diagnostic performance, as confirmed by
ROC analysis. Their strong correlations with each
other and with IL-33 indicate an interconnected
inflammatory response. TNF-a plays a central role
in immune cell recruitment [16-20], and IL-1B’s
function in initiating inflammation [21-23]
reinforces their utility as reliable biomarkers for
identifying and differentiating between acute and
chronic forms of the disease.

Although IL-33 was significantly elevated in
pyelonephritis, its diagnostic value was limited,
consistent with its known dual role in both
inflammation and tissue repair [24-27]. The
moderate but significant correlation of IL-33 with
TNF-a and IL-1f suggests that it may be indirectly
influenced by these more potent pro-inflammatory
mediators.

In conclusion, TNF-a and IL-18 emerge as
promising diagnostic and potentially prognostic
biomarkers for ascending pyelonephritis. IL-33
may reflect disease chronicity, but it appears to
lack the specificity required for standalone
diagnostic use. Further research with larger,
longitudinal cohorts is essential to confirm these
findings and to clarify the mechanistic relationships
among these cytokines, especially IL-33’s
modulatory role in renal inflammation. Future
studies should adopt a longitudinal design to
monitor cytokine dynamics throughout treatment,
enabling a better understanding of their temporal
patterns and prognostic value. Mechanistic
investigations are also warranted to elucidate the
regulatory role of IL-33 in chronic renal
inflammation and its potential contribution to tissue
remodelling or fibrosis in pyelonephritis.

List of Abbreviations

APN: Acute Pyelonephritis
CPN: Chronic Pyelonephritis
CKD: Chronic Kidney Disease

ELISA: Enzyme-Linked Immunosorbent Assay
HRP: Horseradish Peroxidase

IL-1B8: Interleukin-1 Beta

IL-33: Interleukin-33

OD: Optical Density

ROC: Receiver Operating Characteristic

SD: Standard Deviation

ST2: Suppression of Tumorigenicity 2 (IL-33
receptor)

TNF-a: Tumour Necrosis Factor Alpha

TPR: True Positive Rate

FPR: False Positive Rate

Th1 T: Helper Type 1

Th2 T: Helper Type 2

UTI: Urinary Tract Infection

Declarations

Ethics approval and consent to participate

The study was reviewed and approved by the
Medical Ethics Committee at the University of Kufa
(Reference Number: MEC-172). All procedures
involving human participants were conducted
following the ethical standards of the institutional
and/or national research committee and with the
1964 Helsinki Declaration and its later
amendments. Informed consent was obtained from
all individual participants included in the study, and
for minors under the age of 18, consent was
additionally obtained from their parents or legal
guardians.

Consent for Publication

All the authors gave consent for the publication of
the work under the Creative Commons Attribution
Non-Commercial 4.0 license.

Availability of Data
Data for this work is available from the authors and
may be provided upon reasonable request.

Conflicts of Interest
None.

Funding
None.

Authors’ contributions

AMAA conceptualised the study and led the writing.
SKA performed data collection and analysis. Both
authors reviewed and approved the final
manuscript.

Acknowledgments

We acknowledge the support of the staff at Al-
Sadder Teaching Hospital and the Department of
Microbiology and Immunology, University of Kufa.
Our gratitude extends to all participants for their
contributions.

References

1. Nawaz A, Sohail M, Shah S, Khan MI, Shah J,
Saeed U. A Comparative Study of Antimicrobial
Sensitivity in Patients with Acute Pyelonephritis
and Emphysematous Pyelonephritis. Insights-
Journal of Health and Rehabilitation, 3(3
(Health & Rehab)), 47-53.
https://doi.org/10.71000/9gmv7234

2. Belyayeva M, Leslie SW, Jeong JM. Acute
pyelonephritis. InStatPearls [Internet] 2024 Feb
28. StatPearls Publishing.
https://www.ncbi.nIm.nih.gov/books/NBK51953
7.

188


https://doi.org/10.71000/9qmv7234
https://www.ncbi.nlm.nih.gov/books/NBK519537/
https://www.ncbi.nlm.nih.gov/books/NBK519537/

Al-Najafi et. al., Babcock Univ. Med. J.2025 8(2):182-190

10.Cavalli,

11.

Lin T, Chen C, Tu J, Li H. Two cases of acute
focal bacterial nephritis with central nervous
system manifestations in children and literature
review. Clinical Pediatrics. 2023
Nov;62(11):1385-9.
https://doi.org/10.1177/00099228231159060.
Bohner, A.M., Jacob, A.M., Heuser, C., Stumpf,
N.E., Effland, A., Abdullah, Z., Meyer-
Schwesiger, C., von Vietinghoff, S. and Kurts,
C., 2021. Renal denervation exacerbates LPS-
and antibody-induced acute kidney injury, but
protects from pyelonephritis in mice. Journal of
the American Society of Nephrology, 32(10),
pp.2445-2453.
https://doi.org/10.1681/ASN.2021010110

. Zhao SJ, Wu KY, Min XY, Wang CX, Cao B, Ma

N, Yang XL, Zhu ZR, Fu RG, Zhou W, Yang JR.
Protective role for C3aR in experimental chronic
pyelonephritis. The FASEB Journal. 2022
Nov;36(11):e22599.
https://doi.org/10.1096/fj.202201007R

Wu SY, Shei-Dei Yang S, Chang SJ, Hsu CK.
Emphysematous pyelonephritis: classification,
management, and prognosis. Tzu Chi Medical
Journal. 2022 Jul 1;34(3):297-302.
https://doi.org/10.4103/tcmj.tcmj 257 21
Harley F, Wei G, O'Callaghan M, Wong LM,
Hennessey D, Kinnear N.
Xanthogranulomatous pyelonephritis: a
systematic review of treatment and mortality in
more than 1000 cases. BJU International. 2023
Apr;131(4):395-407.
https://doi.org/10.1111/bju.15878

Dostert C, Grusdat M, Letellier E, Brenner D.
The TNF family of ligands and receptors:
communication modules in the immune system
and beyond. Physiological Reviews. 2019 Jan
1;99(1):115-60.
https://doi.org/10.1152/physrev.00045.2017
Dostert C, Grusdat M, Letellier E, Brenner D.
The TNF family of ligands and receptors:
communication modules in the immune system
and beyond. Physiological Reviews. 2019 Jan
1;99(1):115-60.
https://doi.org/10.1152/physrev.00045.2017

G., Colafrancesco, S., Emmi, G,
Imazio, M., Lopalco, G., Maggio, M.C., Sota, J.
and Dinarello, C.A., 2021. Interleukin 1a: a
comprehensive review on the role of IL-1ain the
pathogenesis and treatment of autoimmune
and inflammatory diseases. Autoimmunity
Reviews, 20(3), p.102763.
https://doi.org/10.1016/j.autrev.2021.102763
Kidder E, Gangopadhyay S, Francis S, Alfaidi
M. “How to Release or Not Release, That Is the
Question.” A Review of Interleukin-1 Cellular

Release Mechanisms in Vascular Inflammation.
Journal of the American Heart Association.
2024 Mar 5;13(5):e032987.
https://doi.org/10.1161/JAHA.123.032987
12.Bent R, Moll L, Grabbe S, Bros M. Interleukin-1
beta—a friend or foe in malignancies?.
International Journal of Molecular Sciences.
2018 Jul 24;19(8):2155.
https://doi.org/10.3390/iims 19082155
13.Stanczak MA, Sanin DE, Apostolova P, Nerz G,
Lampaki D, Hofmann M, Steinmann D, Krohn-
Grimberghe M, Thimme R, Mittler G, Waller CF.
IL-33 expression in response to SARS-CoV-2

correlates with seropositivity in COVID-19
convalescent individuals. Nature
Communications. 2021 Apr 9;12(1):2133.

https://doi.org/10.1038/s41467-021-22449-w
14.Wang Z, Tang N. Unpacking the complexity of
nuclear IL-33 (nlL-33): a crucial regulator of
transcription and signal transduction. Journal of
Cell Communication and Signaling. 2023
Dec;17(4):1131-43.
https://doi.org/10.1007/s12079-023-00788-1
15.Dai, X., Tohyama, M., Murakami, M., Shiraishi,
K., Liu, S., Mori, H., Utsunomiya, R., Maeyama,
K. and Sayama, K., 2020. House dust mite
allergens induce interleukin 33 (IL-33) synthesis
and release from keratinocytes via ATP-
mediated extracellular signaling. Biochimica et
Biophysica Acta (BBA)-Molecular Basis of
Disease, 1866(5), p.165719.
https://doi.org/10.1016/j.bbadis.2020.165719
16.D'asheesh A, Kamil Jabbar Al-Kaabi H, Hmood
Al-Khalidi BA. Investigation of IL-6, IL-8 and
TNF-a among patients infected with Proteus
mirabilis in UTI Cases. InJournal of Physics
Conference Series 2020 Nov (Vol. 1664, No. 1,
p. 012124). https://doi.org/10.1088/1742-
6596/1664/1/012124
17.Rotaru L, Visnevschi A. Assessment of the
serum values of the pro and anti-inflammatory
Cytokinic profile in patients with coraliform
nephrolithiase and calculous pyelonephritis.
Perspectives of the Balkan medicine in the post-
COVID-19 era 2023 (pp. 168-168).
https://ibn.idsi.md/ro/vizualizare articol/193246
18.Schwartz L, de Dios Ruiz-Rosado J,
Stonebrook E, Becknell B, Spencer JD.
Uropathogen and host responses in
pyelonephritis. Nature Reviews Nephrology.
2023 Oct;19(10):658-71.
https://doi.org/10.1038/s41581-023-00737-6
19.Mittal, R., Sharma, S., Chhibber, S. and Harjai,
K., 2009. Evaluation of tumour necrosis factor-
alpha and interleukin-1beta in an experimental
pyelonephritis model induced with planktonic

189


https://doi.org/10.1177/00099228231159060
https://doi.org/10.1681/ASN.2021010110
https://doi.org/10.1096/fj.202201007R
https://doi.org/10.4103/tcmj.tcmj_257_21
https://doi.org/10.1111/bju.15878
https://doi.org/10.1152/physrev.00045.2017
https://doi.org/10.1152/physrev.00045.2017
https://doi.org/10.1016/j.autrev.2021.102763
https://doi.org/10.1161/JAHA.123.032987
https://doi.org/10.3390/ijms19082155
https://doi.org/10.1038/s41467-021-22449-w
https://doi.org/10.1007/s12079-023-00788-1
https://doi.org/10.1016/j.bbadis.2020.165719
https://doi.org/10.1088/1742-6596/1664/1/012124
https://doi.org/10.1088/1742-6596/1664/1/012124
https://ibn.idsi.md/ro/vizualizare_articol/193246
https://doi.org/10.1038/s41581-023-00737-6

Al-Najafi et. al., Babcock Univ. Med. J.2025 8(2):182-190

and  biofilms cells of Pseudomonas
aeruginosa. Canadian Journal of Infectious
Diseases and Medical Microbiology, 20(3),
pp.e35-e42.
https://doi.org/10.1155/2009/810791
20.Soleimani A, Soleimani M, Farzadnejad F,
Tamadon M. The relationship between urinary
and plasma levels of tumor necrosis factor
alpha and various stages of chronic kidney
disease in patients with type Il diabetes mellitus.
Journal of Nephropathology. 2020 May
15;9(4):e39-.
https://doi.org/10.34172/inp.2020.39
21.Pyrillou K, Burzynski LC, Clarke MC. Alternative
pathways of IL-1 activation, and its role in health
and disease. Frontiers in immunology. 2020
Dec 18;11:613170.
https://doi.org/10.3389/fimmu.2020.613170
22.Kurimoto M, Watanabe T, Kamata K, Minaga K,
Kudo M. IL-33 as a critical cytokine for
inflammation and fibrosis in inflammatory bowel
diseases and pancreatitis. Frontiers in
Physiology. 2021 Oct  25;12:781012.
https://doi.org/10.3389/fphys.2021.781012
23.Chen WY, Yang JL, Wu YH, Li LC, Li RF, Chang
YT, Dai LH, Wang WC, Chang YJ. IL-33/ST2
axis mediates hyperplasia of intrarenal
urothelium in  obstructive renal injury.
Experimental & Molecular Medicine. 2018
Apr;50(4):1-1. https://doi.org/10.1038/s12276-
018-0047-8
24 Wang RP, Huang J, Chan KW, Leung WK, Goto
T, Ho YS, Chang RC. IL-1B and TNF-a play an
important role in modulating the risk of
periodontitis and Alzheimer’s disease. Journal
of neuroinflammation. 2023 Mar 13;20(1):71.
https://doi.org/10.1186/s12974-023-02747-4
25.Gurram RK, Zhu J, Leonard WJ. TSLP and IL-
33 distinctively modulate the allergic response
by differentially modulating Th2 cells and ILC2s.
The  Journal of  Immunology. 2022
May;208(Supplement_1):109-9.
https://doi.org/10.4049/jimmunol.208.Supp.109
19
26.Gurgéze MK, Akarsu S, Yilmaz E,
Gddekmerdan A, Akga Z, Ciftci I, Aygun AD.
Proinflammatory cytokines and procalcitonin in
children with acute pyelonephritis. Pediatric
Nephrology. 2005 Oct;20:1445-8.
https://doi.org/10.1007/s00467-005-1941-6
27.Balato A, Di Caprio R, Canta L, Mattii M, Lembo
S, Raimondo A, Schiattarella M, Balato N, Ayala
F. IL-33 is regulated by TNF-a in normal and
psoriatic skin. Archives of Dermatological
Research. 2014 Apr;306:299-304.
https://doi.org/10.1007/s00403-014-1447-9

28. Nabil A, Mahmoud B, Abdel-Moneim A,
Negeem Z. The Relationship between IL-
18, IL-17, IL-33 and Bcl-2 and the
Development of Diabetic Nephropathy.
Mol Biol Rep 2022 May;49(5):3803-3809.
https://doi.org/10.21203/rs.3.rs-937627/v1

29. Trimarchi M, Lauritano D, Ronconi G,
Caraffa A, Gallenga CE, Frydas |, Kritas
SK, Calvisi V, Conti P. Mast cell cytokines
in acute and chronic gingival tissue
inflammation: role of IL-33 and IL-37.
International  Journal of  Molecular
Sciences. 2022 Oct 31;23(21):13242.
https://doi.org/10.3390/ijms232113242

190


https://doi.org/10.1155/2009/810791
https://doi.org/10.34172/jnp.2020.39
https://doi.org/10.3389/fimmu.2020.613170
https://doi.org/10.3389/fphys.2021.781012
https://doi.org/10.1038/s12276-018-0047-8
https://doi.org/10.1038/s12276-018-0047-8
https://doi.org/10.1186/s12974-023-02747-4
https://doi.org/10.4049/jimmunol.208.Supp.109.19
https://doi.org/10.4049/jimmunol.208.Supp.109.19
file:///C:/Users/olumi/Downloads/.%20https:/doi.org/10.1007/s00467-005-1941-6
file:///C:/Users/olumi/Downloads/.%20https:/doi.org/10.1007/s00467-005-1941-6
https://doi.org/10.1007/s00403-014-1447-9
https://doi.org/10.21203/rs.3.rs-937627/v1
https://doi.org/10.3390/ijms232113242

