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Immunological aspects of renal dysplasia in pediatric populations
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contributing to both the inflammatory responses and the 
regulation of renal repair mechanisms.

The maternal immune system plays a key role in foetal 
development, and dysregulation of immune responses 
during pregnancy may contribute to abnormal kidney 
formation. Studies have shown that maternal immune-
mediated conditions such as preeclampsia, lupus, and 
other autoimmune disorders can interfere with normal 
foetal organogenesis, including renal development. 
Chronic inflammatory states and the presence of 
autoantibodies may disrupt the delicate balance of 
growth factors and cytokines necessary for proper 
kidney morphogenesis, leading to renal dysplasia.

Inflammation is a critical component of organ 
development, and excessive or dysregulated 
inflammatory signalling can alter tissue architecture. 
Immune cells such as macrophages and T lymphocytes 
are known to play a role in regulating nephrogenesis. 
Dysregulation of these immune-mediated pathways 
can result in aberrant kidney development. Elevated 
levels of pro-inflammatory cytokines have been found 
in animal models of renal dysplasia, suggesting that 
immune signalling may exacerbate dysplastic changes 
in the renal parenchyma.

In pediatric patients with renal dysplasia, the immune 
system continues to play a role after birth, particularly 
in response to secondary complications such as UTIs, 
chronic inflammation, and renal damage. Several 
immunological factors contribute to the progression 
of renal dysplasia and the associated decline in 
kidney function. Children with renal dysplasia are 
highly susceptible to recurrent UTIs due to structural 
abnormalities in the urinary tract. These infections 

Description

Renal dysplasia is a congenital anomaly characterized by 
the abnormal development of renal parenchyma, often 
leading to impaired kidney function and an increased 
risk of Chronic Kidney Disease (CKD) in pediatric 
populations. This condition results from the disordered 
differentiation of metanephric tissue during foetal 
development, leading to a structurally and functionally 
compromised kidney. While the anatomical and genetic 
aspects of renal dysplasia are well-studied, emerging 
research has highlighted the role of immunological 
mechanisms in both the pathogenesis and progression 
of the disease.

Renal dysplasia can occur as a unilateral or bilateral 
condition, with varying degrees of severity. In severe 
cases, particularly bilateral renal dysplasia, the 
condition may result in significant renal insufficiency, 
necessitating early interventions such as dialysis or 
renal transplantation. A key feature of renal dysplasia is 
the predisposition to recurrent Urinary Tract Infections 
(UTIs), hypertension, and progressive renal failure. The 
immune system plays an essential role in responding to 
these complications, with immune-mediated processes 
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can trigger an immune response that exacerbates renal 
damage. During UTIs, innate immune cells such as 
neutrophils and macrophages respond to bacterial 
invasion by producing pro-inflammatory cytokines. 
While this response is essential for controlling 
infection, chronic or recurrent infections can lead to 
persistent inflammation, further damaging the already 
compromised renal tissue. Chronic inflammation, driven 
by recurrent infections or immune dysregulation, can 
lead to the development of renal fibrosis, a hallmark of 
progressive kidney disease. In pediatric renal dysplasia, 
the dysplastic kidney tissue is particularly susceptible 
to fibrosis, which can further impair kidney function. 
Additionally, immune cells such as macrophages 
and T cells contribute to the chronic inflammatory 
environment, perpetuating tissue damage and fibrosis. 
Given the significant role of the immune system in both 
the development and progression of renal dysplasia, 
immunomodulatory therapies offer a promising approach 
to managing the disease and its complications. The use 
of anti-inflammatory medications such as Nonsteroidal 
Anti-Inflammatory Drugs (NSAIDs) or corticosteroids 
may help reduce inflammation in children with renal 
dysplasia. By dampening the immune response, these 

drugs can prevent further damage to the dysplastic 
kidney tissue, especially in cases of recurrent UTIs or 
chronic inflammation. However, long-term use of these 
agents must be carefully monitored due to potential side 
effects, including renal toxicity. Emerging regenerative 
therapies, including the use of Mesenchymal Stem Cells 
(MSCs), offer potential for treating renal dysplasia 
by promoting tissue repair and modulating immune 
responses. MSCs have immunomodulatory properties, 
reducing inflammation and fibrosis while promoting 
the regeneration of renal tissue. Preclinical studies have 
shown promising results, but more research is needed 
to determine the safety and efficacy of these therapies in 
pediatric populations. 

Conclusion
Vesicoureteral reflux is a significant urological condition 
in pediatric populations, with a strong genetic component 
influencing its development. The identification of candidate 
genes has provided valuable insights into the molecular 
mechanisms underlying VUR. However, the condition’s 
polygenic nature and the influence of environmental and 
epigenetic factors present ongoing challenges to fully 
understanding its etiology. 


