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Obstructive uropathies are a group of conditions characterized by urinary tract blockages,
leading to impaired urine flow and renal damage. This comprehensive literature review
aims to explore the pathophysiological mechanisms underlying renal damage in
obstructive uropathies and identify potential therapeutic targets for intervention. The
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Introduction

Congenital obstructive uropathies are a group of
conditions that affect the urinary system in children,
leading to blockages or obstructions in the urinary
tract and impaired urine flow. These conditions have
a prevalence ranging from 1% to 5.4% in the overall
child population (1). In childhood, congenital urinary
tract obstruction (CUTO) accounts for up to 50%
(46-59%) of chronic kidney disease (CKD) cases (2).
Children with CUTO are at risk of developing end-stage
CKD, which is the most severe and advanced stage of
kidney disease. The likelihood of progression to end-
stage CKD depends on various factors, including the
anatomical variations of the urinary tract obstruction,
genetic characteristics influencing the disease course,
treatment methods employed, and social factors (3).
Assessing the severity of morphological damage to
renal tissue and the functional potential of the kidneys
is crucial in determining the quality of life for children
with obstructive uropathies.

The socio-economic impact of CKD is substantial, as
it requires significant financial resources throughout
the various stages of treatment, including the end-
stage of chronic kidney insufficiency, where dialysis or
kidney transplantation may be necessary. Given the
complexity of CKD and the challenges in its treatment,
it is evident that identifying promising approaches to
tackle renal fibrosis and CKD requires the expertise
of specialists in fundamental science. Understanding
the pathogenesis and progression of fibrotic changes
in the kidneys associated with CUTO is essential in
addressing this problem comprehensively (4,5).

Currently, available treatment options for CKD are
limited and often ineffective, particularly in terms of
targeting and slowing down or reversing renal fibrosis
Moreover, there is a lack of targeted therapies that can
effectively tackle this aspect of the disease (3).

Therefore, fundamental science and research play
a vital role in identifying innovative approaches to
address renal fibrosis and CKD effectively. This review
aimed to provide a comprehensive understanding of
the pathogenesis and progression of renal damage in
obstructive uropathies, particularly in the context of
CKD (4-6).

Renal damage in obstructive
uropathies

Obstructive uropathy, which refers to the obstruction
of the urinary tract, is the primary identifiable cause

congenital

CKD in children. The obstruction of the urinary tract
during prenatal development can have damaging
effects on the kidneys, leading to secondary changes in
renal parenchyma, which includes the glomerular and
tubular apparatus of the kidneys (4). These changes
result in a reduction in the number of nephrons,
impaired kidney growth, and the development of
tubulointerstitial damage, which, in turn, leads to renal
fibrosis.

Parenchymal damage can occur in cases of both single
and recurrent hydrostatic injuries resulting from various
forms of urinary tract obstruction. These obstructions
can be anatomical, such as ureteral stenosis, or
functional, including conditions like vesicoureteral
reflux and neurogenic bladder dysfunction (4,5,7,8).

These conditions can lead to direct damage to the
renal parenchyma. Hydronephrosis, which occurs
due to obstruction of the pyeloureteral segment of
the ureter, leads to a significant increase in intrapelvic
pressure (5,9,10). This causes dilation and rupture of
tubules, resulting in damage to the tubular epithelial
cells (TECs). The reflux of urine and its drainage through
the venous and lymphatic systems of the obstructed
kidney contribute to decreased urine production
and reduced intraluminal pressure, which can be
considered as compensatory mechanisms to limit the
damaging effects of urodynamic obstruction (4,5,7).
Recent evidence suggests that proximal TECs, instead
of being mere victims of destruction, play a crucial role
in both CKD progression and kidney recovery. They
are actively involved in various cellular interactions
that contribute to the damage of the obstructed
kidney, ultimately leading to interstitial fibrosis (3,7,11).

Renal fibrosis is a common outcome in various types
of progressive nephropathies, regardless of their
underlying causes. In recent years, there has been
a shift in the focus of studying the pathogenesis of
renal damage from glomerulosclerosis and interstitial
fibrosis, which are morphological characteristics of
the end-stage of CKD, to the proximal tubules as
key players in CKD progression (5). The proximal
tubules, which are abundant in mitochondria and
rely on oxidative phosphorylation, have a high rate
of oxygen consumption. However, their relatively
weak endogenous antioxidant defense mechanisms
make them particularly susceptible to damage from
obstructions, ischemia, hypoxia, oxidative stress, toxins
and metabolic disturbances (5,7,8).




Unilateral ureteral obstruction (UUO) has become
the most commonly used animal model for studying
progressive CKD over the past three decades. The
advancement of molecular diagnostic methods
has enabled the identification of numerous cellular
interactions that contribute to the damage observed
in the obstructed kidney, with interstitial fibrosis
being the ultimate result (11-13). In cases of UUO,
the destruction of glomerulotubular junctions and
the eventual formation of atubular glomeruli were
essential steps in parenchymal damage. This process
is not specific to "tubulointerstitial diseases" alone,
such as polycystic kidney disease, but can also occur
in "glomerular diseases" like congenital nephrotic
syndrome and diabetic nephropathy (11,14).

Animal models of UUO have demonstrated that
a combination of obstructive and ischemic renal
damage contributes to the development of congenital
obstructive nephropathy (15-17).  Ischemia and
oxidative stress result in the death of proximal tubular
cells, leading to the subsequent development of
interstitial fibrosis. In adult mice, complete unilateral
obstruction of the ureter (CUUQO) leads to a rapid loss
of renal parenchyma. This loss is primarily attributed
to a significant reduction (around 65%) in the mass
of proximal tubules, which occurs due to various
forms of cell death, including necrosis, apoptosis,
and autophagy. However, congenital obstructive
nephropathy typically arises from partial rather than
complete ureteral obstruction. Partial obstruction
allows for a gradual development of renal cellular
reactions. To study the effects of congenital obstructive
nephropathy, researchers often employ a model of
partial unilateral obstruction of the ureter (PUUO)
in neonatal rats (4,5). This model is chosen because
nephrogenesis in rodents continues for approximately
one week after birth, and nephron maturation occurs
during the subsequent week. Therefore, kidney
development in rodents during this timeframe is
comparable to human kidney development during
the second trimester of pregnancy and at birth (16,17).
Using the PUUO model in neonatal rats, researchers
have found that obstructing the ureter in the early
stages of kidney development hampers normal
kidney maturation and growth. This obstruction also
leads to early loss of nephrons. Importantly, the PUUO
model allows for the observation of various stages of
kidney recovery following the removal of the ureteral
obstruction. Overall, animal models of UUQ, particularly
using partial unilateral obstruction, provide valuable
insights into the pathogenesis and progression of
congenital obstructive nephropathy (18-20). They help

researchers understand the cellular reactions, loss of
nephrons, and subsequent recovery stages associated
with obstructive uropathies, ultimately contributing to
the development of potential therapeutic approaches
for improving outcomes in affected individuals.

Many authors have highlighted various mechanisms
that play a crucial role in the development of obstructive
kidney damage resulting from obstruction (5,7,21).
These mechanisms encompass a range of pathological
processes.  Firstly, hemodynamic component -
insufficient perfusion, leads to tubular ischemia,
causing a lack of adequate blood supply to the tubular
structures. Secondly, interstitial inflammation occurs as
a response to the obstruction, contributing to tissue
damage. The mechanical compression imposed by the
obstruction itself also contributes to the detrimental
effects on TECs. Furthermore, tubular cell apoptosis,
a form of programmed cell death, is observed in
obstructive kidney damage. The obstruction-induced
stress triggers oxidative stress within the renal tissue,
leading to cellular damage. Lastly, tubulointerstitial
fibrosis  (TIF), characterized by the excessive
accumulation of extracellular matrix components,
is a significant consequence of obstructive kidney
damage. Collectively, these pathological processes—
tubular ischemia and oxidative stress, interstitial
inflammation, mechanical compression and TEC
damage, and tubulointerstitial fibrosis—mediate the
renopathogenic effects associated with obstruction-
induced kidney damage (4,5,7,11,14,18,21,22).

The hemodynamic response of the RAAS to
CUUO. Oxidative stress

According to Chevalier et al. (4) the initial response
to the increased pressure within the urinary tract is
the activation of the renin-angiotensin-aldosterone
system (RAAS). The main mediator in the pathogenesis
of obstructive nephropathy is angiotensin Il, whose
expression is believed to contribute to a significant
portion of renal fibrosis in chronic neonatal obstructive
uropathy (4,5,7,8,11,21,23-26).

Initially, there is a transient increase in renal blood flow
due to the production of vasodilators. However, the
intrarenal RAAS is subsequently activated, leading to
vasoconstriction of both the pre- and postglomerular
arterioles. This results in reduced renal blood flow,
decreased oxygen levels in the renal tissue, and a
decline in glomerular filtration rate (GFR) (27-29).

Angiotensin Il acts primarily through the AT1 receptors
and stimulates the production of reactive oxygen




species (ROS) through the activation of nicotinamide
adenine dinucleotide phosphate (NADPH) oxidases
(30). This oxidative stress involves an excessive
production of ROS, including superoxide anion,
hydrogen peroxide, and hydroxyl anion. Mitochondria,
which are responsible for energy production through
oxidative phosphorylation in the kidneys, play a crucial
role in this process. Impairment of energy production
processes and mitochondrial dysfunction contribute to
the decrease in NADPH oxidase levels and excessive
production of ROS in renal tubular epithelial cells
(TECs), leading to oxidative stress. (31) This oxidative
stress is implicated in the pathogenesis of obstructive
nephropathy and the subsequent development of
fibrosis. Understanding the involvement of the RAAS
and the generation of ROS in obstructive nephropathy
provides insights into potential therapeutic targets
for mitigating renal damage and fibrosis in cases of
urinary tract obstruction (4,5,7,32).

Accordingtoresearchers (7,30,31), oxidative stress plays
a significant role in the progression of chronic kidney
disease (CKD) by exerting various effects. Activation of
the intrarenal renin-angiotensin system contributes to
tubular and interstitial damage, as demonstrated by
studies showing a strong correlation between damage
and the number of angiotensinogen gene copies in
transgenic mice (30,33,34). Reactive oxygen species
(ROS) function as secondary messengers essential
for cellular homeostasis, and their concentration,
production, and elimination are tightly regulated by
the antioxidant system. Imbalances in the antioxidant
system lead to mitochondrial dysfunction, reduced
antioxidant capacity, irreversible protein oxidation,
and the stimulation of inflammatory molecules such
as interleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), vascular cell adhesion molecule-1
(VCAM-1), and tumor necrosis factor-alpha (TNF-a).
This promotes leukocyte migration and proliferation,
increases the levels of fibrotic and inflammatory
proteins, activates transforming growth factor-beta
1 (TGF-B1) and nuclear factor kappa B (NF-kB), and
disrupts the production of vascular endothelial growth
factor (VEGF), ultimately exacerbating peritubular
capillary damage (30,35,36). Oxidative stress-induced
cytokine production leads to inflammatory and
profibrotic effects, ultimately causing cell death through
apoptosis or necrosis. This process results in segment-
specific ischemic injury with subsequent necrosis of
proximal tubules and disruption of glomerulotubular
connections, leading to the formation of atubular
glomeruli. These events contribute to the development
of tubulointerstitial fibrosis (37-39).

An important observation is that in newborn mice,
which have incomplete nephrogenesis and tubular
cell mitochondrial maturation at birth, their energy
metabolism is glycolytic and anaerobic (5). Unlike
in adult individuals, complete oxidative metabolism
does not cause tubular cell death until mitochondrial
maturation is complete and the energy metabolism
switches from glycolytic to oxidative. In experiments
involving newborn mice with complete ureteral
obstruction, there was a four-fold increase in glycolytic
metabolism in proximal tubules compared to adult
individuals. The suppression of oxidative mitochondrial
metabolism in response to ureteral obstruction was
considered an adaptive response in these newborn
mice.

Proximal tubules have a high demand for ATP to
perform crucial functions such as reabsorption of
glucose, ions, and nutrients, as well as the operation
of the Na-K pump (5,30). However, they are more
vulnerable to ischemic and toxic damage compared
to distal tubules due to their limited capacity for
anaerobic glycolytic ATP production and the absence
of certain protective proteins.

When diffuse chronic kidney damage occurs, there is
a suppression of energy exchange, which leads to an
increase in metabolism in healthy nephrons. However,
this sustained activation of oxygen consumption by
hypertrophied proximal tubules may be unstable
and contribute to the progression of chronic kidney
disease or aging (3,5,30,40).

ATP not only serves as an energy source but also
plays a regulatory role in activating signaling
pathways involved in various cellular processes such
as growth, differentiation, apoptosis, inflammation,
fibrosis, and epithelial-mesenchymal transition (EMT).
Mitochondrial ATP levels play a role in promoting the
differentiation of macrophages into the profibrotic
M2 phenotype, contributing to inflammation. This
process also activates myofibroblasts, which replace
lost epithelial cells with extracellular matrix, leading to
progressive fibrosis in the kidneys (41). The activation
of the intrarenal RAAS is a commonly used therapeutic
approach for managing chronic kidney disease. Drugs
that inhibit angiotensin-converting enzyme and block
AT1 and AT2 receptors are employed to improve
tubular function by enhancing regional blood flow and
glomerular filtration rate. Partial ureteral obstruction in
developing kidneys leads to pathological changes such
as tubulointerstitial infiltrate, tubular apoptosis with the
formation of atubular glomeruli, and tubulointerstitial
fibrosis. However, the precise understanding of all

aspects of these changes is still limited (21,42).



Interstitial inflammation and fibrosis

In cases of obstructive uropathy, the increase in
intracavitary hydrostatic pressure causes mechanical
damage to proximal tubules, leading to their
distension, compression, and rupture. Tubuloepithelial
cells (TECs) in response to urinary tract obstruction
exhibit innate immune characteristics and act as
inflammatory and fibrogenic cells. They release various
signaling molecules, including cytokines, chemokines,
growth factors, and enzymes, attracting leukocytes
and promoting tubulointerstitial inflammation and
subsequent fibrosis (3-5).

Tubulointerstitial inflammation is observed (7,11,19)
in the early stages of many kidney diseases, and
failure to eliminate the cause and restore damaged
tubules properly can result in the progression of
CKD. Damaged TECs further enhance the immune
response by producing pro-inflammatory cytokines,
such as IL-13, IL-18, IL-6, IL-15, IL-16, IL-34, TNF-q,
Fas ligand, CTGF VEGF, and CSF-1 (5, 20). Factors
like chemokines, intercellular adhesion molecule
T (ICAM-1), IL-1, MCP-1, CSF-1, and cell adhesion
molecules contribute to leukocyte influx, macrophage
stimulation, and proliferation at the site of injury
(21,22,43). Chemokines, particularly CCL2, produced
by tubulointerstitial epithelial cells, play a role in
promoting  tubulointerstitial  inflammation  and
attracting specific immune cells such as neutrophils.
The induction of chemokines is regulated by various
signaling pathways (12).

Cell adhesion molecules play a crucial role in
maintaining the integrity and polarity of renal
epithelial cells, ensuring normal solute secretion
and reabsorption. ICAM-1 and selectins derived
from tubulointerstitial epithelial cells contribute to
inflammation and leukocyte infiltration, serving as
early markers of renal injury.

Macrophages are a predominant component of
tubulointerstitial  inflammation in  nephrosclerosis
(3-5,7). They can differentiate into M1 or M2
phenotypes depending on the microenvironment.
M1 macrophages exhibit pro-inflammatory activity,
while M2 macrophages have an anti-inflammatory
orientation but also contribute to fibrosis by
producing profibrotic factors (44-46). The transition
from M1 to M2 phenotype occurs as inflammation
progresses. Activated macrophages infiltrate the
kidney interstitium, sustaining inflammation by
releasing pro-inflammatory and profibrotic cytokines
(46,47). The production of macrophages is regulated

by endogenous anti-inflammatory compounds such
as retinoids and (iNOS) Inos (7,20,24). Studies have
shown that blocking selectin and 2 integrin reduces
macrophage infiltration in the obstructed kidney
parenchyma (7,48, 49).

IL-34 produced by tubulointerstitial epithelial cells
exacerbates macrophage infiltration in persistent
ischemic acute kidney injury, contributing to
tubulointerstitial fibrosis.  Colony-stimulating factor
1 (CSF-1) expression may aid kidney recovery by
restoring renal macrophage polarity. Obstructive
uropathy leads to hydrostatic injury in the kidneys,
causing mechanical damage to tubular cells and
resulting in cell death through necrosis, apoptosis,
and autophagy, primarily at the glomerulotubular
junction (5,48). Apoptosis affects various renal cell
types, leading to the loss of peritubular capillaries,
destruction of glomerulotubular junctions, and the
formation of atubular glomeruli. Increased tubular
apoptosis is associated with tubular atrophy and
decreased glomerular filtration rate (3,5,7,12).
Apoptosis in tubular cells is stimulated by factors such
as TGF-B1, TNF-q, Fas-L, p53, caspases, and ceramide,
released by tubular cells and infiltrating macrophages.
Suppression of tubular apoptosis is mediated by INOS,
EGF, and IGF-1. Experimental studies have shown that
inhibition of EGF, NO, and VEGF exacerbates kidney
damage (5,6).

Proximal tubules make up a significant portion of
normal kidney volume, and their growth during the
perinatal period exceeds that of glomeruli (4). The
decrease in proximal tubule mass is associated with
nephron heterogeneity, including atrophied nephrons
and nephrons undergoing adaptive hypertrophy,
which contributes to tubulointerstitial fibrosis (3,4).
This can occur due to genetic factors or age-related
changes. In cases of adaptive hypertrophy, GFR may
remain normal, while albuminuria indicates reduced
nephron number (5). Tubulointerstitial fibrosis occurs
as a result of ongoing urinary obstruction, leading
to inflammatory macrophage infiltration, tubular
destruction, and apoptosis. Excessive accumulation of
connective tissue in the kidney leads to tubulointerstitial
fibrosis, characterized by increased synthesis and
deposition of extracellular matrix (ECM). Fibrosis
represents a pathological progression of the normal
wound healing process, involving injury, inflammation,
myofibroblast activation, and ECM deposition and
remodelling (3,12).

While the significance of deposited extracellular




matrix (ECM) around damaged tubules is not always
considered harmful and may serve to separate intact
nephrons from progressive damage, in chronic kidney
damage such as CKD, ECM deposition continues and
disrupts the kidney's histoarchitecture and function
(3). This leads to end-stage renal disease. Similar
pathophysiological principles are observed in other
fibrotic diseases like liver cirrhosis, cardiomyopathies,
and idiopathic pulmonary fibrosis. ECM deposition
occurs between the tubular basement membrane and
peritubular capillaries, mainly composed of collagen
types |, lll, V. VI, VII, XV, and the adhesive glycoprotein
fibronectin. Elastin and fibrillin also contribute to the
fibrotic process (50,51).

During ongoing urinary obstruction, damaged
proximal tubule epithelial cells (PTECs) produce pro-
inflammatory and profibrotic factors, initiating and
sustaining fibrotic processes. This leads to changes
in PTEC cytoskeleton, fibroblast proliferation, and
transformation into myofibroblasts. The altered
microenvironment promotes phenotypic changes in
mesenchymal cells and helps PTECs adapt to avoid
apoptosis (3).

Tubular epithelial cells (TECs) contribute to kidney
fibrosis  through a process called epithelial-
mesenchymal transition (EMT). During EMT, TECs
lose their epithelial characteristics and acquire
mesenchymal features. They express mesenchymal
markers, migrate into the interstitium, and transform
into myofibroblasts, which are cells involved in fibrosis

3).

Myofibroblasts are reactive cells that secrete matrix
proteins and play a role in fibrosis. Transforming
growth factor beta-1 (TGF-B1) is a key regulator of
myofibroblast  differentiation  (52). Alpha-smooth
muscle actin (-SMA) is a marker for myofibroblasts
and is involved in the formation of stress fibers, which
connect myofibroblasts to the extracellular matrix.
Myofibroblasts also express other markers such as
fibronectin, vimentin, and collagen-1al. The beta
receptor of platelet-derived growth factor (PDGFR-f) is
expressed by myofibroblasts, fioroblasts, and pericytes
(53). The exact contribution of different cell types to
the overall matrix mass in renal fibrosis is still not fully
understood.

The contribution of EMT to kidney fibrosis is still a
topic of debate. Recent studies propose that TECs
may undergo partial EMT during fibrosis, expressing
markers of both epithelial and mesenchymal cells.

However, conclusive evidence of partial EMT in
human chronic kidney disease is lacking. While it
was previously believed that EMT of TECs was the
primary source of myofibroblasts, subsequent studies
have questioned this theory. It is now suggested
that myofibroblasts may originate from resident
interstitial fibroblasts or pericytes. Genetic labeling
experiments have shown that endothelial cells and
Gli1+ perivascular cells contribute significantly to the
myofibroblast population in renal fibrosis. According
to LeBleu et al., 50% of myofibroblasts in kidney fibrosis
arise from local resident fibroblasts, 35% originate
from bone marrow, 10% result from endothelial-to-
mesenchymal transition, and 5% result from epithelial-
to-mesenchymal transition (56). These findings
highlight the complexity of myofibroblast origins and
the involvement of various cell types (12,54,55).

Selective tubular injury can trigger inflammation,
capillary rarefaction, and fibrosis, indicating the crucial
role of damaged tubules in the progression from acute
kidney injury (AKI) to CKD. Incomplete recovery after
AKl can lead to CKD progression, and abnormal repair
processes may result in atrophic or fibrotic phenotypes
of tubular epithelial cells. Cell cycle arrest at different
phases, such as G2/M or G1/S, may contribute to
tubulointerstitial fibrosis through various mechanisms
involving signaling pathways and cytokine production
(3, 5,12, 13).

In summary, the understanding of the cellular
mechanisms underlying kidney fibrosis is still evolving,
and further research is needed to elucidate the precise
contributions of different cell types and processes
involved in the development and progression of
fibrosis.

Discussion

Comprehensive knowledge of the pathogenesis of
renal damage in obstructive uropathies allows a more
targeted approach to therapeutic interventions. This
may involve interventions aimed at relieving the
obstruction and restoring normal urine flow, reducing
the impact of secondary changes on renal tissue, and
promoting the regeneration and recovery of damaged
nephrons. Understanding the specific stages of
nephropathy formation also opens up the possibility
of implementing interventions during the antenatal
period, where appropriate, to prevent or minimize the
long-term consequences of obstructive uropathies on
kidney development (57,58).




One of the key areas of debate revolves around the
contribution of EMT to fibrosis. While previous beliefs
suggested that EMT of TECs played a significant role
in the generation of myofibroblasts, recent studies
have challenged this notion. Genetic lineage tracing
experiments have failed to provide convincing evidence
of direct contribution of TECs to the myofibroblast
population (5). However, there are indications of
partial EMT, where TECs express both epithelial and
mesenchymal markers. This partial EMT may be driven
by deletions of EMT transcriptional regulators in TECs,
leading to cell cycle arrest and release of fibrogenic
cytokines. The origin of myofibroblasts in renal fibrosis
is still a matter of discussion. While it was previously
believed that TECs undergoing EMT were the primary
source, recent studies propose that myofibroblasts
may originate from resident interstitial fibroblasts,
perivascular cells, or even bone marrow-derived cells.
This highlights the complexity and heterogeneity of
myofibroblast origins in kidney fibrosis (56).

Understanding the specific contributions of different
celltypes to the overall pool of myofibroblasts is crucial.
Endothelial cells and Gli1+ perivascular cells have been
shown to contribute significantly to the myofibroblast
population in renal fibrosis. The interplay between
different cell types, signaling pathways, and cytokine
production remains an active area of research fibrosis
(57,58). Incomplete recovery after acute kidney
injury (AKI) can lead to fibrotic phenotypes of tubular
epithelial cells, contributing to the development and
progression of CKD. The involvement of cell cycle arrest
at different phases and its impact on tubulointerstitial
fibrosis further emphasizes the multifaceted nature of
fibrotic processes.

Currently, the discussion of therapeutic strategies
for obstructive uropathy mainly focuses on surgical
options and techniques aimed at urinary tract drainage
and reduction of intracavitary pressure in the kidneys
(59-62). In cases of hydronephrosis resulting from
obstruction of the ureteropelvic junction, effective
surgical methods include ureteroplasty, ureterotomy,
bougienage, balloon dilation, and ureteral stenting
(61-64). The primary damaging mechanism to the
kidney is the increase in intraluminal pressure, which is
the main target of therapeutic interventions in clinical
practice, including pediatric urology practice. The
indications and timing of surgical intervention are still
controversial, and even if surgical relief is performed

in utero, it may not prevent progressive loss of renal
function. Prolonged UUO leads to fibrosis of the renal
parenchyma, and even its resolution is accompanied
by ongoing kidney damage, while the elimination of
ureteral obstruction in experiment within 24 hours was
almost fully reversible (65).

There is an urgent need to understand the cellular and
molecular mechanisms involved in kidney recovery
and develop new treatment methods to prevent
end-stage renal failure in these infants and children
(13). Inhibiting renal fibrosis is a major direction of
experimental research to prevent the progression of
CKD. Currently, various therapeutic strategies have
been tested in animal studies, demonstrating a
reduction in renal fibrosis and restoration of kidney
function after relief of ureteral obstruction (66). Active
development of treatment strategies is underway,
targeting the inhibition of fibrotic and inflammatory
proteins, factors inhibiting the activation of the renin-
angiotensin system, oxidative stress, prevention of
epithelial-to-mesenchymal transition, and suppression
of fibroblast proliferation. A promising target for
antifibrotic therapy is the mononuclear phagocyte
system (66). Currently, four main macrophage-
oriented therapeutic strategies are being developed:
1) reducing monocyte and macrophage recruitment
to kidney tissue through monocyte pool depletion; 2)
blocking macrophage signaling pathways; 3) blocking
inflammatory mediators produced by macrophages;
4) reprogramming macrophages through genotype
modification or phenotype alteration while maintaining
the original genotype, aiming to significantly reduce
kidney damage in various nephropathies and improve
prognosis (67).

MSCs have emerged as a new treatment modality
for kidney disease. MSCs are considered promising
cells for cell therapy due to their ease of isolation,
low immunogenicity, high proliferative activity,
self-renewal and differentiation potential, in vitro
expansion capacity, and multidirectional potential due
to their anti-inflammatory, anti-apoptotic, angiogenic,
antifibrotic, antioxidant effects, as well as their ability
to stimulate angiogenesis, regulate autophagy, and
aging (67). The main therapeutic effects of MSCs are
mediated by extracellular vesicles derived from MSCs
(MSC-EVs), which carry molecules such as VEGF, HGF,
IGF-1, IL-10, fibroblast growth factor (FGF), and TGF-a.
MSC-EVs suppress the inducibility of related pro-




inflammatory molecules (such as IL-18 and TNF-a),
thereby exerting anti-inflammatory and anti-apoptotic
effects and promoting kidney restoration (68).

Anti-fibrotic effects of numerous pharmacological
agents have been studied on the UUO model, including
nonsteroidal anti-inflammatory drugs, antifibrotic
agents, renin-angiotensin  system  antagonists,
endothelin A/B receptor blockers, Chinese medicine,
as well as allopurinol, L-arginine, bone morphogenetic
protein-7, epidermal growth factor, etc. (65,69-72).

Conclusions

These emerging modalities have shown therapeutic
potential in attenuating renal damage and promoting
tissue repair, offer exciting prospects for future
therapeutic interventions. However, further research
and clinical trials are necessary to validate the efficacy
and safety of these potential therapeutic targets
and strategies. Translating these findings into clinical
practice will require a multidisciplinary approach and
collaborative efforts among researchers and clinicians.
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