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Abstract

Primary focal segmental glomerulosclerosis (FSGS) is a clinical pathological syndrome
first defined by Rich in 1957, accounting for approximately 20% of nephrotic syndrome
in children. It is the most common pathological type of steroid resistant nephrotic
syndrome (SRNS) in children and an important cause of end-stage renal disease (ESRD)
in children. Currently, renal biopsy is the main method for histological diagnosis of
kidney diseases. Biopsy is an invasive surgery and is usually performed only once
clinically, thus its incidence rate is often underestimated. The pathogenesis of FSGS has
not yet been clarified, and it is now recognized as one of the refractory Kidney diseases.
Clinically, a non-specific treatment plan combining glucocorticoids and
immunosuppressants is often used to delay the progression of FSGS. However, the effect
is not satisfactory, and the prognosis is poor. In addition, even after Kidney
transplantation, the disease may recur in some cases. Therefore, it is urgent to explore
new biomarkers and effective therapeutic targets to reduce renal injury caused by the
progression of primary FSGS.
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1. Introduction

Nephrotic syndrome (NS) is a kidney disease caused by the destruction of glomerular filtration
barrier. Primary nephrotic syndrome (PNS) refers to NS without systemic diseases. It accounts
for more than 90% of cases in children aged 1-10 years and 50% in those over 10 years old [1].
Hormone therapy is the preferred treatment for PNS, and most children respond well to it and
have a good prognosis, but about 15-20% of PNS children do not respond to initial hormone
therapy [2]. The International Study of Kidney Disease in Children (ISKDC) classifies it into
steroid-sensitive nephrotic syndrome (SSNS), steroid-dependent nephrotic syndrome (SDNS),
and steroid-resistant nephrotic syndrome (SRNS) based on the response to hormone therapy.
Among them, SRNS is the second most common cause of end-stage renal disease in children,
which is associated with an increased risk of chronic kidney diseases (CKD) or end-stage renal
disease (ESRD). Renal biopsy results show that about 3/4 of the pathological types of SRNS are
focal segmental glomerulosclerosis (FSGS), and a small number are minimal change disease
(MCD) or diffuse mesangial sclerosis (DMS) [3].

Focal segmental glomerulosclerosis, first defined by Rich in 1957, is a clinical pathological
syndrome that accounts for about 20% of childhood nephrotic syndrome and is one of the
important causes of refractory nephrotic syndrome and end-stage renal disease in children [4].
Among them, the focal nature of glomerular lesions refers to the involvement of only some
glomeruli, with the involvement rate of glomeruli less than 50%; segmental refers to the
involvement of some lobules of glomeruli, with the involvement rate of glomerular clusters less
than 50%; globular sclerosis refers to the segmental hyalinization or scar formation of the
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entire glomerulus [5]. The disease is prevalent in boys, especially in children under 6 years old
[1]. The most common initial clinical symptom is massive proteinuria, with or without
hematuria, hypertension, etc. Children have a high risk of progressing to ESRD within 5-10
years. An ISKDC report showed that 3% and 47.5% of patients with SSNS and SRNS,
respectively, had FSGS at the time of initial treatment [6]. Compared with MCD, up to 80% of
primary FSGS cases are resistant to hormone therapy [7], and these patients ultimately
progress to end-stage renal disease [8]. In China, the average kidney survival rates of FSGS
children progressing to ESRD at 5, 10, and 15 years are 80.3%, 73.8%, and 67.6%, respectively.
Even if only partial remission can be achieved, kidney survival rates are significantly improved
compared with no remission [9]. Therefore, achieving remission is crucial for the best long-
term kidney prognosis.

2. Pathogenesis

Although significant progress has been made in understanding the etiology and pathogenesis
of primary focal segmental glomerulosclerosis (FSGS), the precise mechanism remains unclear.
Podocyte injury is considered a critical pathogenic factor in proteinuric kidney diseases, but the
driving factors are still under debate. Recently, scholars have begun to focus on the role of cell
death modalities such as apoptosis, necrosis, and autophagy in podocyte injury in FSGS [10,11].
Whether minimal change disease (MCD) and FSGS represent a continuum of diseases with a
common pathogenesis, and the histological process of progression from MCD to FSGS due to
progressive podocyte injury, remains controversial.

Podocytes are highly specialized, terminally differentiated epithelial cells that adhere to the
outer side of the glomerular basement membrane (GBM). When podocytes are damaged or
dysfunctional, they may undergo apoptosis or detachment, leading to exposure of the GBM and
leakage of large amounts of protein. Parietal epithelial cells (PECs), a heterogeneous group of
cells within Bowman's capsule, become activated and migrate to the glomerular tuft to replace
podocytes covering the GBM when podocytes are damaged. Unlike podocytes, PECs do not
produce vascular endothelial growth factor (VEGF), which is necessary for the development
and maintenance of glomerular capillaries. Conversely, high expression of hypoxia inducible
factor-1 (HIF-1) can damage glomerular endothelial cells, leading to sclerosis and occlusion of
capillary lumens [12], resulting in increased vascular resistance, decreased glomerular
filtration rate, and a vicious cycle. On the other hand, sclerosis and occlusion of the peritubular
capillary network reduce blood flow, leading to hypoxia, apoptosis, and severe cases, atrophy
and necrosis of renal tubular epithelial cells [13].

3. Pathological and histological characteristics

Currently, renal biopsy is the primary method for histological diagnosis of kidney diseases.
However, biopsy is an invasive surgery and is usually performed only once clinically. In the past
20 years, the prevalence of FSGS has been increasing year by year [14-16], and it is unclear
whether this is due to the actual increase in the prevalence of FSGS or the improved detection
rate of FSGS histological changes by renal biopsy. In early FSGS lesions, only a few glomeruli are
involved, and the juxtamedullary region usually has high blood flow and filtration pressure, so
sclerosis first occurs in the juxtamedullary region, and the glomeruli in the cortex are the last
to be affected [17]. If the biopsy specimen does not include the area connecting the cortex and
medulla, it is easy to miss the initial sclerosing lesions. Due to sampling limitations and the focal
distribution of FSGS pathology, biopsy may not be able to distinguish between MCD and early
FSGS lesions, so it cannot be determined for patients initially diagnosed with MCD that they will
definitely not have FSGS.
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Since the histological morphology of FSGS may be closely related to clinical characteristics,
disease progression, and prognosis, according to the Columbia classification method proposed
in 2004, FSGS is divided into five pathological types, including collapsed, tip, cellular, perihilar,
and not otherwise specified (NOS) [18]. In the existing literature, the collapsed type is the most
common subtype in African Americans [19], while the tip variant mainly affects Caucasians [20].
Studies from Egypt, South Korea, Pakistan, and China have shown that the NOS type is the most
common variant in children [21-24]. Since then, multiple studies have analyzed the correlation
between histological differences and kidney outcomes [25,26]. Research generally shows that
compared with patients of other types, patients with the tip variant have better kidney
outcomes and are more likely to achieve complete remission clinically; patients with the
collapsed type have a poorer response to glucocorticoid treatment, a higher risk of disease
progression, and are more prone to moderate or severe tubular atrophy, and clinicians may
need to pay more attention to the prognosis of this type of patient [27,28]. However, most
observational studies in children involve relatively small numbers of patients and have
relatively short follow-up periods, so there is still controversy about the long-term predictive
utility of this classification method for kidney outcomes in children.

FSGS most commonly manifests as podocyte foot process loss, podocyte detachment, and
segmental sclerosis with podocyte loss under electron microscopy. Recent studies have
reported that the degree of podocyte foot process fusion in primary FSGS is more severe than
in secondary FSGS, and podocyte foot process fusion is usually diffuse, with an average degree
of 288.0% [29], and is most common in the collapsed variant [30].

4. Treatment

The pathogenesis of FSGS has not been fully elucidated and is recognized as one of the
refractory Kkidney diseases. Currently, non-specific treatment protocols combining
glucocorticoids and immunosuppressants are widely used clinically to delay the progression of
FSGS. Due to differences in renal function and proteinuria levels among patients, the prognosis
of FSGS patients varies greatly, and the efficacy is not satisfactory. Most FSGS progresses slowly,
but a small number of patients progress rapidly and may experience renal failure early [31].
Since the probability of spontaneous remission of proteinuria in children with FSGS is small,
the treatment goal aims to control proteinuria and protect renal function.

4.1. Glucocorticoid (GC)

In clinical treatment, GC is considered the basic therapeutic drug for PNS. Regardless of
histological variations, the initial response of proteinuria to glucocorticoid treatment is the
strongest predictor of renal prognosis. GC has immunomodulatory properties that can inhibit
cellular and humoral immunity as well as inflammatory reactions. Experimental and clinical
evidence suggests that GC can also reduce the risk of proteinuria by promoting the recovery of
slit diaphragm-associated protein complexes and stabilizing the actin cytoskeleton of
podocytes [32]. Due to the poor response to hormone treatment, two major treatment
challenges for FSGS are GC resistance and disease recurrence. On the other hand, long-term use
of GC may increase the risk of adverse reactions such as hypertension, growth inhibition, and
obesity. In the treatment of adult primary FSGS, immunosuppressants are the first-line
alternative treatment for hormone-resistant patients, while in children, the combination of GC
and immunosuppressants is recommended [33].

4.2. Calcineurin Inhibitors (CNI)

Cyclosporine A (CsA) is a cyclic peptide composed of 11 amino acids isolated from the culture
broth of filamentous fungi. It competitively binds to and inhibits calcineurin, reducing the
production of various proinflammatory cytokines and exerting immunosuppressive effects. It
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is a third-generation immunosuppressant that selectively acts on T cells [34]. Combination
therapy with CsA and GC can significantly reduce the recurrence rate of SRNS patients [35,36].
Another study showed that long-term combination therapy with CsA and GC maintained a
remission rate of 60% in SRNS patients [37]. In children with FSGS treated with CsA for a long
time, the incidence of proteinuria was significantly reduced, delaying the progression of chronic
kidney disease to a certain extent [38,39]. Therefore, the Canadian Society of Nephrology (CSN)
recommends adding CNI, either CsA or tacrolimus, to GC standard therapy for children with
SRNS [40].

Tacrolimus (TAC), also known as FK506, is a macrolide antibiotic extracted from Streptomyces
fermentation products. It blocks the action of calcineurin, downregulates the transcription level
of various cytokines, ultimately affecting T cell function, exerting immunosuppressive effects,
stabilizing podocyte cytoskeletons, and improving proteinuria [41]. Multiple studies have
shown that TAC is a safe and effective treatment drug that is effective and well-tolerated in
children with FSGS. Combination therapy with TAC and GC can reduce the recurrence rate of
SRNS children by 70% [42-44]. In addition, TAC's inhibitory effect on T cell activation is 100
times stronger than CsA, and its immunosuppressive effect is much stronger than CsA when
used long-term, with relatively fewer side effects. The greatest advantage is that its
hepatotoxicity is smaller, and there are no side effects such as hirsutism and gingival
hypertrophy. TAC is more likely to cause metabolic side effects such as hyperlipidemia,
hyperuricemia, and diabetes. However, the difference in the incidence of nephrotoxicity
between TAC and CsA has not been confirmed [45]. Therefore, considering the side effects of
CsA, TAC is recommended as the preferred immunosuppressant for treatment in children [45],
and it is necessary to monitor the blood drug concentration of children during medication.

4.3. Mycophenolate Mofetil (MMF)

The metabolic product of MMF in the body is mycophenolic acid (MPA), which selectively binds
to inosine monophosphate dehydrogenase (IMPDH), a rate-limiting enzyme in the purine de
novo synthesis pathway, blocking the guanine synthesis pathway and thereby inhibiting cell
DNA synthesis and cell proliferation. MPA has a high selective effect on lymphocytes and can
inhibit the proliferation of T and B lymphocytes and the immune responses mediated by them.
In addition, MMF uniquely inhibits the synthesis of cell adhesion molecules, inhibiting the
adhesion of leukocytes to endothelial cells and thus preventing the local accumulation of
inflammatory cells [46]. Triple therapy with GC, CNI, and MMF is currently considered the
"golden combination" for the treatment of primary nephrotic syndrome. A retrospective study
on children with nephrotic syndrome reported that the remission rate of SRNS treated with
MMF.

4.4. Rituximab (RTX)

RTX is a chimeric monoclonal antibody that initiates immune responses by targeting and
binding to the CD20 antigen on B cells, achieving specific elimination of B cells, i.e., B-cell
depletion therapy [45]. For patients with FSGS who are intolerant or have poor response to
tacrolimus treatment, RTX has been proven to be an effective treatment option. A single course
of RTX treatment can maintain disease remission status for up to 12 months [49,50]. In the
SRNS population, RTX treatment can significantly reduce the recurrence rate, reduce the dosage
of hormones and immunosuppressants, and mitigate the impact of drug-related adverse
reactions on children [51,52]. Currently, the dosage and usage of RTX in children have not been
standardized, and it is recommended to consider using RTX for children who have not achieved
remission after at least 6 months of full-dose CNI treatment [53]. It should be noted that anti-
RTX autoantibodies can be produced after repeated RTX infusions [54]. Therefore, if B-cell
depletion is not observed after RTX treatment, the presence of anti-RTX autoantibodies should
be monitored. A recent retrospective study in China found that relapse under B-cell depletion
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predicts a poor treatment outcome [55]. The reasons for this require further in-depth research,
and some scholars believe that it may be related to T-cell dysfunction [56]. Additionally, during
RTX treatment, patients should be monitored for adverse reactions such as nephrotoxicity and
neurotoxicity.

4.5. Renin-Angiotensin System Blockade

The KDIGO working group advocates the use of angiotensin-converting enzyme inhibitors
(ACEI) and angiotensin receptor blockers (ARB) in children with SRNS [40]. ACEI or ARB can
reduce intraglomerular pressure, alleviate proteinuria, and delay the progression of CKD by
blocking the renin-angiotensin-aldosterone system (RAAS). For children with confirmed or
suspected FSGS, this treatment can be started as early as 4 weeks after hormone therapy, and
the combined treatment of ACEI/ARB with MMF has significant effects in children with
refractory FSGS [57]. It should be noted that ACEI and ARB may increase the risk of acute kidney
injury (AKI), especially in patients with advanced CKD or hypovolemia [58,59]. Due to the
increased risk of adverse events such as AKI and death, the combined use of ACEI and ARB is
not encouraged.

4.6. Cyclophosphamide (CTX)

CTX belongs to the alkylating agent nitrogen mustard class. It undergoes an oxidative reaction
with liver microsomal enzymes to generate aldophosphamide, which decomposes into
phosphoramide mustard. This further interferes with DNA biosynthesis, Kills cells in all phases
of the proliferation cycle, inhibits cell antibody secretion, and reduces non-specific
inflammatory damage mediated by T cells, thereby reducing the deposition of immune
complexes in the glomerulus, improving renal function, and alleviating clinical symptoms [60].
CTX is mainly used in the treatment of steroid-dependent nephrotic syndrome (SDNS).
Compared to using CTX alone, the combination of CTX and hormones significantly reduces the
recurrence rate of SDNS [40,61], and its efficacy is superior to CsA [48]. However, in a few
studies, it was found that among SRNS patients who had a partial response to CTX treatment,
the progression rate of renal failure was reduced [62,63]. Nonetheless, the KDIGO guidelines
recommend against using CTX in children with SRNS due to its inhibitory effect on the gonads
[40].

4.7. Plasma Exchange (PE)

Removing circulating factors through protein column adsorption or plasma exchange can
reduce proteinuria and induce remission in the short term [64]. A clinical study on patients
with refractory primary FSGS showed that after an average of 17 treatments, 73% of patients
achieved complete or partial remission, with improved renal function [65]. However, another
study showed poorer treatment outcomes, with only 25% achieving partial remission after PE
[66]. Based on studies on patients with recurrent FSGS after kidney transplantation, the role of
plasma exchange in the treatment of primary FSGS is limited. Therefore, plasma exchange is not
a routine treatment for primary FSGS and should be considered only when drug treatment is
ineffective, with no signs of remission or progressive worsening.

5. Summary

Primary FSGS is a common clinical and pathological syndrome, which is caused by podocyte
injury due to single or multiple factors. It belongs to one type of podocytopathy, and its
diagnosis relies on renal biopsy. The main manifestations under light microscopy are sclerosis
involving partial glomerulus and partial capillary loops. Electron microscopy reveals podocyte
fusion and cell body shedding as characteristics. In clinical manifestations, patients often
present with large amounts of proteinuria, which may be accompanied by microscopic
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hematuria, and renal function impairment to varying degrees. FSGS, as an important cause of
end-stage renal disease worldwide, has a gradually increasing incidence, and the therapeutic
effect of steroids and immunosuppressants is still not satisfactory. The treatment is difficult
and the prognosis is poor. In addition, even after kidney transplantation, the disease may recur
in children in some cases. Therefore, it is urgent to explore new biomarkers and effective
therapeutic targets to alleviate renal injury caused by the progression of primary FSGS.
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