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MicroRNA-155 (miR-155) is recognized as one of the major regulators of inflammatory signaling 

during UTIs. Its expression is rapidly induced following activation of pattern recognition receptors (PRRs), 

particularly Toll-like receptors (TLRs), by bacterial components such as lipopolysaccharides (LPS) from 

uropathogenic Escherichia coli (UPEC) 18,19. Activation of these receptors stimulates downstream signaling 

pathways involving MyD88, NF-κB, and AP-1, leading to increased transcription of miR-155 20. 

Once expressed, miR-155 amplifies inflammatory responses by suppressing negative regulators 

such as suppressor of cytokine signaling 1 (SOCS1) and SHIP1, thereby enhancing cytokine-mediated 

signaling pathways 21,22. Consequently, the production of pro-inflammatory cytokines including TNF-α, IL-

6, and IL-1β becomes intensified, promoting leukocyte recruitment, immune cell activation, and pathogen 

clearance during UTIs 23-25. In addition, miR-155 contributes to adaptive immunity by promoting T helper 

1 (Th1) and T helper 17 (Th17) differentiation, further strengthening antibacterial immune responses 26. 

Despite its protective role, excessive or prolonged expression of miR-155 may result in pathological 

inflammation. Sustained cytokine production can cause epithelial injury, urothelial barrier disruption, 

recurrent infections, and bacterial persistence through biofilm formation and intracellular survival 27–29. 

Furthermore, elevated miR-155 activity has been associated with renal involvement and progression to 

pyelonephritis due to increased inflammatory infiltration and tissue damage 30. Clinically, circulating miR-

155 has been proposed as a potential biomarker for disease severity and a promising therapeutic target, 

although complete inhibition may impair host defense mechanisms 31–35. 

In contrast, microRNA-125 (miR-125), including miR-125a and miR-125b, functions as a key anti-

inflammatory regulator that maintains immune homeostasis during UTIs 36,37. miR-125 directly targets 

TNF-α mRNA, reducing cytokine production and attenuating inflammatory pathways such as NF-κB and 

MAPK signaling 38,39. During the resolution phase of infection, miR-125 acts as a molecular brake that 

limits immune activation, reduces tissue damage, and promotes restoration of epithelial integrity 40,41. 

Additionally, miR-125 participates in feedback inhibition mechanisms that suppress excessive 

inflammatory responses by counteracting TNF-α and IL-6 signaling 42. It also regulates immune cell 

behavior by promoting the transition of macrophages from the pro-inflammatory M1 phenotype toward the 

anti-inflammatory M2 phenotype and modulating adaptive immune responses 43. Reduced expression of 

miR-125 has been associated with persistent inflammation, epithelial damage, recurrent UTIs, and 

progression to upper urinary tract complications 44. Conversely, balanced upregulation of miR-125 
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contributes to tissue protection and recovery, although excessive suppression may impair bacterial 

clearance 45,46. 

From a clinical perspective, miR-125 has significant potential as both a biomarker and therapeutic 

target due to its stability in serum and urine 47. Therapeutic strategies based on miR-125 mimics may help 

restore immune balance and reduce excessive inflammation, although challenges related to delivery and 

specificity remain unresolved 48,49. Overall, the balance between miR-155 and miR-125 represents a critical 

regulatory axis controlling inflammation during UTIs, where dysregulation of this equilibrium contributes 

to chronic inflammation and disease progression 50, table (1) and fig. (1). 

Table (1): Comparative roles of miR-155 and miR-125 in inflammatory regulation and clinical 

outcomes of urinary tract infections 

Aspect miR-155 miR-125 

Function 
Pro-inflammatory regulator that 

amplifies immune activation 

Anti-inflammatory regulator that 

maintains immune homeostasis 

Main targets SOCS1, SHIP1 
TNF-α mRNA and inflammatory 

signaling mediators 

Associated 

cytokines 
Increases TNF-α, IL-6, IL-1β 

Suppresses TNF-α and reduces 

inflammatory cytokine production 

Biological 

effect 

Enhances NF-κB signaling, leukocyte 

recruitment, and inflammatory 

amplification 

Limits excessive inflammation and 

promotes resolution of immune 

responses 

Role in UTIs 

Supports pathogen clearance but may 

contribute to tissue damage and 

recurrent inflammation when 

overexpressed 

Protects urothelial integrity and 

reduces inflammatory injury during 

infection resolution 

Clinical role 
Associated with severe inflammation, 

recurrent UTIs, and pyelonephritis 

Associated with immune regulation, 

tissue recovery, and reduced 

inflammatory complications 

Biomarker 

significance 

Elevated circulating levels may indicate 

disease severity and active inflammation 

Reduced expression may reflect 

impaired immune regulation and 

chronic inflammatory status 

Therapeutic 

potential 

Targeted inhibition using antagomiRs 

may reduce hyperinflammation 

miRNA mimics may restore immune 

balance and suppress excessive 

cytokine signaling 
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Figure (1): Schematic representation of miR-155/miR-125 immune regulation in urinary tract 

infection (Thakur et al., 2026) 

The regulatory axis in inflammation microRNA-155 / microRNA-125 

The miR-155/miR-125 regulatory one of the most sophisticated molecular systems 

applications. In recent years, increasing evidence this axis at the forefront of translational 

reflect real-time immune status. biomarkers that often provide static or 

indirect 

strongly with the upregulation pathways, particularly those mediated by NF-κB 
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In contrast, miR-125 functions as a control within the immune system. Its 

expression 

Reduced levels of miR- of impaired immune regulation, leading to 

sustained 

and miR-125 provides a snapshot of the inflammatory landscape, 

capturing 

biological fluids. Unlike proteins or cytokines that may degrade rapidly or fluctuate significantly, 

techniques 

such as RT-qPCR, even in low concentrations. In the context of UTIs, where non-invasive 

expression levels of miR-155 and miR-125 can be used to stratify patients based on disease severity 

and 

indicative of an exaggerated inflammatory response, often associated with severe or complicated UTIs. 

valuable 

prognostic information that can guide clinical decision-making 58. 

therapeutic intervention. The concept of targeting microRNAs is based on their central role in regulating 

conventional therapies that focus on single targets. In the case of UTIs, modulation of the miR-155/miR-

specifically to miR-155 and inhibit its activity 60. By reducing miR-155 expression, these inhibitors can 

studies have demonstrated that inhibition of miR-155 leads to attenuation of inflammatory responses, 
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Table (2): Clinical and therapeutic significance of the miR-155/miR-125 axis in urinary tract infections 

Aspect miR-125-Based Therapeutic Strategies and Clinical Implications 

Therapeutic 

approach 

Therapeutic approaches involving miR-125 focus on enhancing its anti-inflammatory 

function through the use of miRNA mimics that restore or augment miR-125 expression 62. 

Mechanism of action 

miR-125 mimics suppress cytokine production and regulate immune signaling pathways by 

targeting TNF-α and other inflammatory mediators, thereby reducing excessive 

inflammation and promoting tissue recovery 62. 

Clinical relevance 
This strategy is particularly important in recurrent or chronic UTIs, where persistent 

inflammation contributes significantly to disease progression 63. 

Delivery challenges 

One of the major limitations of miRNA-based therapies is the efficient and tissue-specific 

delivery of miRNA modulators. The urinary tract possesses anatomical and physiological 

barriers that may limit therapeutic accumulation at target sites 63. 

Off-target effects 
Due to the pleiotropic nature of miRNAs, they can regulate multiple genes simultaneously, 

raising concerns regarding off-target effects and unintended biological consequences 64. 

Delivery 

optimization 

Advanced delivery systems, particularly nanoparticle-based carriers, are considered 

essential for improving stability, specificity, and therapeutic efficacy of miRNA modulators 
64. 

Need for balanced 

regulation 

Therapeutic modulation should aim to restore physiological balance rather than induce 

complete inhibition or excessive overexpression of miRNAs 65. 

Risks of excessive 

miR-155 inhibition 

Excessive suppression of miR-155 may weaken host immune defenses and impair pathogen 

clearance mechanisms 65. 

Risks of excessive 

miR-125 

overexpression 

Uncontrolled overexpression of miR-125 may lead to immunosuppression and increased 

susceptibility to infection 66. 

Systems biology 

perspective 

The miR-155/miR-125 axis functions as an integrated regulatory network controlling 

cytokine production, intracellular signaling pathways, and immune cell behavior 66. 

Role in disease 

outcome 

This regulatory axis determines whether UTIs progress toward successful resolution or 

chronic inflammatory disease by controlling the transition from acute inflammation to 

immune resolution 66. 

Precision medicine 

potential 

Integration of biomarker profiling with targeted miRNA-based intervention may support 

personalized therapeutic strategies according to the inflammatory profile of individual 

patients 67. 

Clinical advantages 
Personalized modulation of the miR-155/miR-125 axis may improve clinical outcomes, 

minimize unnecessary antibiotic use, and help address antimicrobial resistance 67. 
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necrosis factor-alpha (TNF-α) is a central pro-inflammatory cytokine that plays a pivotal 

system, TNF-α is rapidly produced following the recognition of invading 

defense, orchestrating a cascade of immunological events that contribute to pathogen 

of TNF-α is primarily triggered through the activation of PRRs, especially 

detect pathogen-associated molecular patterns (PAMPs), including lipopolysaccharides 

pathway is particularly important, as it drives the transcription of TNF-α 

, TNF-α exerts a wide range of biological effects that are essential for effective host 

the expression of adhesion molecules on endothelial cells, facilitating the migration 

role in bacterial clearance through mechanisms such as phagocytosis, production 
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