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Abstract

Background: The main superfamily cytokine member is interleukin-6 (IL-6). IL-6, promptly produced in response to infections and 
tissue injuries, contributes to host defense through the stimulation of acute phase responses, hematopoiesis, and immune reactions. 
Objectives: To investigate the role of IL-6 as a biomarker in recurrent urinary tract infections (RUTIs). The real-time polymerase chain 
reactions were performed by using specific primers with reference gene GAPDH and the target genes IL-6. Materials and Methods: 
A case–control study was done in Babylon city hospital from February 2021 to March 2022. A total of 110 patients with RUTIs with 
different age and sex, and healthy individuals as control group were enrolled in this study. Midstream urine was taken for culturing 
and identification of Pseudomonas aeruginosa. Blood samples were obtained from all the patients and the secreted IL-6 levels were 
detected by enzyme linked immunosorbent assay (ELISA). RNA was extracted for gene expression. Results: The expression of IL-6 
was increased more than % 30-fold in UTIs compared with control group. Also, the results found that serum concentrations of IL-6 
detected by ELISA assay showed significant differences at P < 0.001 for the patients compared with control group. Conclusions: 
Interleukin-6 gene expression shows up regulation in RUTI caused by P. aeruginosa.
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Introduction
The main superfamily cytokine member is interleukin-6 
(IL-6). IL-6, promptly produced in response to infections 
and tissue injuries, contributes to host defense through 
the stimulation of acute phase responses, hematopoiesis, 
and immune reactions. IL-6 supports the innate immune 
response, powerfully by generating C-reactive protein 
(CRP), many complement system proteins, and the 
coagulation cascade, and also controls body thermogenesis 
by serving as an endogenous pyrogenes. Additionally, IL-6 
encourages the development of hematopoietic precursors, 
encourages T and B lymphocyte differentiation and 
development, and regulates body thermogenesis.[1]

However, IL-6 also functions as a cytokine. It mediates 
anti-inflammatory and metabolic activities in skeletal 
muscle by increasing the expression of anti-inflammatory 
molecules such as IL-1ra (IL-1 receptor agonist) and 

IL-10 and decreasing the synthesis of pro-inflammatory 
molecules such as tumor necrosis factor (TNF) and IL-1ß. 
IL-6 initiates an anti-inflammatory reaction.[2]

In the acute phase of the immune reaction to infection, 
immune cells are frequently activated first and 
proclamation cytokines associated with inflammation, 
such as IL-6, TNF-α, and IL-10. Acute phase proteins 
are primarily stimulated by inflammation-associated 
cytokines, which are produced in the liver.[3,4]
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The chemokine CXCL8, which is produced by 
Pseudomonas aeruginosa, plays a role in the release of 
acute-phase proteins, the differentiation of immune cells, 
as well as neutrophil migration to the site of infection.[5]

Particularly significant epithelial cells serve as a significant 
first route of defense and immune/inflammatory cell 
because they are involved in some of the initial interactions 
between interning pathogens like P.  aeruginosa and 
the host.

Lipopolysaccharide (LPS), respectively, trigger 
intracellular signal pathways that produce proinflammatory 
cytokines.[6] In the initial stages of bacterial infection, the 
concentration of the pro-inflammatory cytokine IL-6 
rises a cytokine that promotes inflammation and increases 
the comeback of TNF and IL1. In UTIs, the chemokine 
interleukin-8 induces neutrophil migration to the site of 
inflammation, resulting in pyuria.[7]

Several biomarkers encourage the identification of UTI 
like the levels of IL-6 and IL8 in urine and serum in 
children with UTI, respectively.[8] Presently, it is discovered 
that 35 subtypes of interleukins have a noteworthy 
role in the immune response and in the maturation 
and differentiation of B cells, the production of acute 
phase proteins and immunoglobulin, the stimulation 
of bone marrow, the expansion of meningeal cells, and 
the activation of macrophage monocyte phagocytic 
complex.[9]

Materials and Methods

Patient and clinical sample
A case–control study was done in Babylon city hospital 
from February 2021 to March 2022. Patients were 
admitted to the hospital with suspected recurrent urinary 
tract infections by clinical features.

A total of 110 patients with RUTIs with different age and 
sex, and healthy individuals as control group were enrolled 
in this study. A total of midstream urine was taken from 
patients for culturing and identification of P. aeruginosa, 
according to Forbes et al.[10]

Blood samples were obtained from all the patients infected 
with P. aeruginosa and put in ethylenediaminetetraacetic 
acid tubes. RNA was extracted for gene expression study.

Control group
2 mL of blood samples were taken from (20) healthy 
individuals as control group who are free from any sign 
and symptoms for any illness. RNA was extracted from 
these samples in order to be studied later.

Measuring IL-6 by ELISA
Secreted IL-6 levels were detected rendering to the kit 
manufacturer’s guidelines (e Bioscience, USA).[11]

Ethical approval
An ethical approval was obtained by verbal consent from 
all patients. The committee of publication ethics at College 
of Medicine, University of Babylon, Iraq, approved this 
study under the reference number BMS/0203/016 dated 
on June 18, 2019.

Gene expression of IL-6: RT-PCR
After collection of blood samples from patients and healthy 
individuals, the total RNA was extracted according to Tri 
RNA Pure Kit (Geneaid Company, Korea).

The real-time qPCR reactions were performed by using 
specific primers with reference gene GAPDH and the 
target genes IL-6 with final volume mixture 20  μL. 
Conversion the total RNA to cDNA and amplification 
of DNA was done according to instructions provided 
by GoTaq® 1-Step RT-qPCR System (Promega, Korea). 
Using BRYT Green® dye, where RT-qPCR primers 
and conditions were summarized in Table 1. Relative 
expression fold was calculated (2−(∆∆Ct)).[12]

Statistical analysis
Statistical analysis was carried out using SPSS version 23.0 
(SPSS, IBM Company, Chicago, Illinois). The molecular 
result was exploration by using Chi-square (χ2) test. P 
values less than (0.05) is considered. Data were expressed 
as mean ± SD.

Table 1: Primers sequence and condition used in qRT-PCR

Primer name Sequence 3′-5′ Steps Cycles Temp./
Time 

IL-6 sense CCCCAATTTCCAATGCTCTCC Revers transcription 1 37°C for 
15 min

IL-6 anti sense CGCACTAGGTTTGCCGAGTA Reverse transcriptase inactivation and 
GOTaq DNA polymerase activation

1 95°C for 
10 min

GAPDH-F GTCTCCTCTGACTTCAACAGCG Denaturation  
Annealing

40 10°C for 
30 s  

37°C for 
30 s

GAPDH-R ACCACCCTGTTGCTGTAGCCAA Extension and data collection 72°C for 
30 s
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Results

Gene expression IL-6 level using real time PCR
A total of 30 blood samples were collected. RNA was 
extracted to revision the gene expressing of IL-6 by means 
of RT-PCR (ΔΔCt). The results found that the level of 
expression to IL-6 gene in the patients’ samples as well as 
in control samples, normalized by means of house-keeping 

gene GAPDH, represents a significant difference at P ≤ 
0.05, as shown in Figures 1 and 2, Tables 2 and 3.

ELISA for measuring IL-6
The result showed increasing secreted IL-6 levels produced 
according to that have been indicated highly significant at 
P value = 0.001 when compared with control and gender 
association as shown in Table 4 and Figure 3.

Figure 1: The level IL-6 expression. This is the first run for 15 samples,  represents amplification of Reference gene (GAPDH),  represents 
amplification of samples RUTI Patients,  represents amplification of control samples
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Figure 2: IL 6-fold gene expression between control and RUTI patients versus the reference gene (GAPDH)
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Discussion
A wide range of stimuli (bacterial infections, inflammation, 
tissue injury response, and other cytokines and growth 
factors), IL-6 gene expression are easily elevated in cells. 
The promoter IL-6 is turned on at the molecular level 
via a number of signaling mechanisms.[13] The study was 
conducted (IL-6) as an indication of bacterial urinary 
tract contagion and agreed with other study that suggested 
(IL-6) as a marker of bacterial urinary tract infection.[14]

In the course of acute inflammatory reactions in urinary 
tract infections, cellular and molecular processes and 

interactions successfully reduce the risk of approaching 
harm or infection brought on by microorganisms 
invading.[15]

Gene expressing of (IL-6) can be second hand as a 
biomarker for initial UTI detection because it is unique of 
the greatest significant components of the inflammatory 
reaction and released by urothelial cells in comeback to 
exposure to UTI-causing substances.[16]

The detection of cytokines in the serum and gene 
expressing have been employed in this work to aid in the 
diagnosis and follow-up of numerous urological disorders. 
However, when compared to the controls group in the 
current investigation, the IL-6 mean levels were substantial 
(P  =  0.001). This result agreed with other clinical and 
test findings, were performed by the measurement of 
IL-6 in the blood and was found in studies to be useful 
in separating upper from lower involvement and aiding in 
the diagnosis of UTIs.[17]

Olsyzna et al.[18] study on UTI patients showed that urinary 
IL-6 was increased in the UTI group.

The results were compatible with the study of Rama 
et al.,[19] they showed that IL-6 was not a good biomarker 
for urinary tract infection and differentiation in the upper 
tract involvement from the lower tract.

In urothelial cells, IL-6 induced Stat3 phosphorylation, 
and universal IL-6 injection increased urothelial Stat3 
phosphorylation and antimicrobial peptide production.[20]

Chronic IL-6 reduction also resulted in severe 
pyelonephritis and an increase in the number of bacteria 
in the kidneys. Thus, infected urothelium expresses 
antimicrobial genes through a transcriptional pathway 
driven by IL-6/Stat3 signaling, which is crucial for 
preventing epithelial invasion and spreading infection. 
Thus, it has significant roles in regulating epithelial attack 
and ascending infection.[21]

The onset of chronic cystitis is accompanied by biomarkers 
of local and systemic acute inflammation 24 h after 
infection, including severe pyuria, bladder inflammation 
with mucosal injury, and a distinctive serum cytokine 
signature consisting of elevated IL-5, IL-6, G-CSF, and 
IL-8 in those with a history of chronic cystitis. Chronic 
cystitis incidence varies according to host strain and 
infectious dosage.[22]

Both Wawrysiuk et al.[23] and Sundvall et al.[24] demonstrated 
that cytokines are essential elements of the indigenous 
host-cell comeback and that they are talented biomarkers 
for distinguishing upper from lower UTIs. Additionally, 
they may be helpful in assessing the degree of local 
immune reaction during simple lower UTIs, which might 
aid in choosing a non-antibiotic course of treatment.

Rego et al.,[25] showed that LPS-stimulated bone marrow-
derived T cells, IL-6 production is positively regulated 

Table 4: Secreted IL-6 ELISA for measuring levels produced 
according to patient and control

 Case No. Mean Std. deviation Std. error mean P value 

IL-6 Control 20 186.01455 14.450275 3.231180 0.001
Patient 30 286.65140 81.470098 14.874337

Figure 3: Secreted IL-6 ELISA for measuring levels produced according 
to patient and control and gender association

Table 2: Expression of IL 6-fold gene between control and 
RUTI patients versus the reference gene (GAPDH)

Groups No. Expression levels (2^−(∆∆Ct))

Mean SD SE 
Controls 20 1.91 2.51 0.56

Patients 30 142.99 29.93 5.47

P value  <0.0001*  
* Represent a significant difference at P ≤ 0.05

Table 3: Fold gene expression (Ct) for IL-6 between control 
and RUTI patients versus the reference gene (GAPDH)

Groups No. Ct

Mean SD SE 
Controls 20 24.6480 1.13072 .25284

Patients 30 17.5207 1.13191 .20666

P value  <0.0001*  
* Represent a significant difference at P ≤ 0.05
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by two different CCAAT/enhancer-binding protein 
and NF-B pathways and an SHP-1-independent NF-B 
pathway as P. aeruginosa.[26] Several factors have a role in 
the pathogenesis such as genetics (family history), diet, 
and environmental factors.[27,28]

Conclusions
The role of IL-6 in intermediating pro-inflammatory 
according to gene expression and phenotypes in recurrent 
urinary tract infection. These findings provide preclinical 
justification for clinical investigations of IL-6 in RUTI.
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