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Abstract

Focal segmental glomerulosclerosis (FSGS) is a conglomerate of glomerular pathological lesions unified by the segmental
distribution of proliferative, sclerosing or collapsing lesions in less than 50% of glomeruli (i.e., focal distribution) in the
early stages of the process and can only be diagnosed on renal biopsy. Epidemiologically, FSGS has acquired the top position
among the causes of nephrotic syndrome (NS) in adults in many parts of the world and has emerged as the main cause of
chronic kidney disease (CKD) and end-stage renal disease (ESRD) worldwide. Numerous approaches have been used to
classify this lesion, but all have merits and demerits and no one system is entirely satisfactory. One of the popular schemes
for the classification is based on morphological features and distribution of the lesions in the glomeruli, the so-called
Columbia classification of FSGS. In this review, we briefly summarize the relevant epidemiology and pathology of FSGS
variants in the light of our own experience with the use of this classification.
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Introduction

Focal segmental glomerulosclerosis (FSGS) 1s a morphologically defined glomerulopathic lesion, which
presents with divergent clinical manifestations, exhibits variable clinical course and progresses to end-
stage renal disease (ESRD) in a sizeable proportion of patients in both adult and pediatric populations.'
This heterogeneous paradigm of FSGS encompasses various etiopathogenetic pathways leading to the
hallmark features of segmental implosion/expansion/sclerosis of capillary tufts and accumulation of
extracellular matrix together with variable changes in podocyte phenotypes in majority of cases. FSGS
accounted for 39.87 % and 38.14 % of cases presenting with nephrotic syndrome (NS) in our adult and
pediatric populations, respectively.”

Histological Classification Initial Concept:

The heterogeneity of the lesion demands its classification as in all diseases. Numerous attempts have
been made in the past to classify FSGS, but no perfect classification system has been devised yet. The
classification framework proposed by Barisoni et al. is based on two premises including etiologic factors
and glomerular morphologic appearance with podocytes phenotype.” They also suggested that the
mitiating cascade of podocyte injury and consequent death is more severe in FSGS as compared to
minimal change disease (MCD) and in some cases, this podocyte injury may lead to variable amount of
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podocyte proliferation. Interestingly, this structural alteration in podocyte shape is reversible with
steroid therapy in MCD but it is irreversible and progressive in FSGS.’ Furthermore, they also advocated
that whenever possible, diagnosis of podocytopathies should include morphologic entity accompanied
by etiologic and pathogenetic mechanisms.™*

Table 1: Histologic variants of Focal Segmental Glomerulosclerosis.

FSGS Histologic Variants (%)
e Not otherwise specified (NOS) (42-77%)
(formerly called classic FSGS)
Collapsing variant. (2-36.6%)
Tip variant. (9.8-1.4%)
Perihilar variant. (1.1-26%)
Cellular variant. (0.5-25.5%)

Genetic Mutations and Structural Changes:

During the last few 3-4 decades, the discovery of mutations of podocyte genes and their association
with genetic variants of FSGS has produced detailed analytic insight into podocyte taxonomy and its
role in better management of these patients.’Several genetic mutations have been identified; of these,
nephrin and podocin are most frequently observed. These podocyte genes encode structural proteins or
enzymes, which are actively engaged in signaling mechanisms that regulate podocyte growth,
differentiation, motility and cell-to-cell interactions.” Any dysregulation in this signaling event, results
in structural disarray and condensation of actin cytoskeleton and foot process effacement. This
stereotyped response to injury would ultimately, in severe cases, lead to podocyte detachment from the
glomerular basement membrane (GBM).™ This denuded area of GBM comes in contact with the parietal
epithelium and begins the sequence of events leading to synechiae formation, which are thought to be
the earliest committed lesions in the development of FSGS. The complex structural podocyte
composition 1s maintained by sophisticated metabolic environment and factors that endow very rigid or
dynamic cytoskeletal changes pose threats to podocyte” s survival.” In addition to podocytes, other
glomerular cells including mesangial cells, endothelial cells and parietal epithelial cells are also involved
in either the pathogenesis or progression of the disease.”

Columbia Classification

The Columbia classification has described five histologic subtypes of FSGS: not otherwise specified
(NOS), tip, cellular, perihilar and collapsing variant.” Several studies have been published during recent
past elaborating the incidence, clinical course and progression of disease according to these variants in
both adults and children.""” We have also earlier reported relative frequencies and clinicopathologic

features of these variants among both pediatric and adult nephrotic populations.™"

Not Otherwise Specified (NOS)

The prevalence of FSGS, NOS variant varies from 42% to 77% of all cases of FSGS and is the
predominant lesion among all the five variants in most of the studies from different ethnic and
geographic areas.” " FSGS, NOS variant is a heterogeneous subtype resulting from various glomerular
and non-glomerular diseases; in fact, it 1s a collage of a variety of glomerular alterations that culminate
in a common morphologic pattern.”™® In our cohorts of children and adults, this variant accounted for
89.1 % and 76.6 %, respectively.™" This variant does not have specific distinguishing features and does
not meet the diagnostic criteria for all other four variants (Figure 1). It is also the most common lesion
observed in repeat renal biopsies in several studies. In fact, it represents the diagnosis of exclusion in
the hierarchical classification of FSGS.
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Figure 1. FSGS, NOS variant. (A) Two glomeruli showing segmental scarring of non-descript location and adhesion
formation with Bowman' s capsule. Mild patchy tubular atrophy is seen. (PAS, x200). (B) Silver stain showing one
glomerulus with segmental scarring in the lower portion of the tuft with adhesion formation. (Jones Silver stain, x400).

Collapsing Variant

The second most common variant in most of the studies 1s the collapsing variant. The relative frequency
of collapsing variant 1s highly variable ranging from 2 to 36.6% in different studies. In our series, this
lesion accounted for 8% and 12% of cases in pediatric and adult nephrotic cohorts, respectively.™"

This 1mportant variant may be primary or secondary to some viral etiology including human
immunodeficiency virus (HIV), parvovirus B19, polyoma virus, Epstein-Barr virus (EBV) or
cytomegalovirus (CMV), drug reactions, vasoocclusive disease or chronic allograft nephropathy.” More
recently, a number of cases of collapsing variant of FSGS have been reported in association with novel
coronavirus disease, COVID-19, particularly in patients of African American/black origin.” This lesion
was first recognized as HIV-associated nephropathy (HIVAN) in HIV-positive patients with poor
prognosis, but, later on, it was established that the clinical presentation in patients with negative HIV
serology may be markedly variable ranging from mild proteinuria to severe proteinuria and deranged

renal functions.””

More recent findings have led to the suggestion that collapsing glomeulopathy (CG), another term used
to denote the lesion, may be considered as a distinct clinicopathological entity. The salient morphologic
features of collapsing variant are implosive collapse of glomerular capillary tuft with marked occlusion
or sub-occlusion of capillary lumena and remarkable extracapillary hypercellularity (Figure 2). These
proliferating cells appear to originate from visceral epithelial cells but they are phenotypically distinct
from mature podocytes.”

The morphologic clue to suggest their origin from visceral epithelium is their attachment with
glomerular basement membrane or centripetal location within the Bowman' s space where they are
found contiguous with the identifiable podocytes.”” The mature podocytes do not proliferate and do not
express maturity markers like vimentin, WT-1, CALLA, GLEPP-1, synaptopodin, c3b receptor,
podocalyxin and PHM-5.""* However, the diagnostic utility of these immunohistochemical markers to
distinguish FSGS variants needs further substantiative large-scale studies.
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Figure 2. FSGS, collapsing variant. (A) A glomerulus showing segmental collapse of capillary tufts with
associated podocyte hyperplasia. (Jones Silver stain, x200). (B) Another glomerulus showing global
collapse of capillary tufts with marked podocyte proliferation forming pseudocrescent. Mild tubular atrophy
is seen in the background. (Jones Silver stain, x200).

Some recent studies have also shown that origin of cells proliferating in the Bowman' s space in
collapsing lesion 1s debatable and some investigators have argued that positivity of parietal cell markers
suggest possible origin of most of these proliferating cells from parietal epithelial cells rather than the
podocytes.”” Furthermore, some progenitor cells expressing stem cell markers including CD133 and
CD24 may also serve as reserve cells to restore vanished podocytes. The hypertrophy of glomeruli,
which itself is an outcome of increased single nephron glomerular filtration rate, further aggravates the
mismatch between the decreased quantity of podocytes and glomerular basement membrane and leads
to propagation of 1njurious process.

A few experimental animal model studies have shown that the toxins like diphtheria toxin (DT) or
pseudomonas exotoxin A, that target podocytes specifically and exclusively are capable to cause the
morphologic appearance of FSGS.” Loss of more than 40% of podocytes leads to overt FSGS with
clinical symptoms of high-grade proteinuria and renal insufficiency, indicating worsening of disease.
The 1nitial podocyte loss 1s followed by secondary autonomous wave of neighboring podocyte injury
which might escape the initial insult. The mediators responsible for this secondary wave of podocyte
injury are not yet well recognized but hypothetically they might decrease podocyte survival factors or
might increase noxious factors, such as shear stress, angiotensin II, or transforming growth factor- 5
(TGF- B). The overexpression of TGF 8 or its downstream proteins, the ‘Smads’ , or activation of
the renilllg-gngiotensin system, which upregulates TGF 3, play pivotal role in further progression of the
disease.

Another contributing factor in the progression of FSGS in addition to glomerulosclerosis is the
progressive involvement of tubulointerstitial compartment. Although this compartment may be involved
in any histologic variant of FSGS with variable degrees of severity but its dramatic involvement is
readily described in collapsing variant of FSGS, indicating the notorious clinical course of the disease.
The leakage of proteins from glomerular filtration barrier (GEB) due to loss of podocytes into the tubular
lumena initiates the cascade of injurious processes which ultimately leads to irreversible damage to
tubulointerstitial compartment. The cytokines such as TGF- 38, when present in the tubules, will
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recruit inflammatory cells, which in turn, produce and release other cytokines, including interleukin-1
(IL-1), tumor necrosis factor alpha (TNF- & ), and other chemokines. This inflammatory infiltrate leads
to mesangial matrix deposition, promoting the collapse of glomeruli as well as damages tubular
epithelial cells, and some tubular epithelial cells might undergo transformation to mesenchymal cells.
These mesenchymal cells, as well as recruited and stimulated fibroblasts, result in production and
deposition of collagenous matrix and become a clinical 1insignia of progressive loss of renal function in
the form of interstitial fibrosis.”

Tip Variant

The next variant of FSGS 1s tip variant, which accounted for 9.8 % and 1.4 % of cases among our adult
and pediatric nephrotic cohorts.”™* The prevalence of this lesion also varies widely from 4.8 % to 37%
in adult population in different studies. This lesion was first introduced by Howie and Brewer and later
it was acknowledged and included in the Columbia classification schema of FSGS. According to
defining criteria, a glomerulus with tip variant, on light microscopy, reveals a conglomeration of
morphological changes at the characteristic topographic location of tubular pole and it needs definite
identification of vascular pole of the involved glomerulus (Figure 3).

Figure 3. FSGS, tip variant. (A) Low-power photomicrograph showing a glomerulus with adhesion formation
at the tubular pole. Mild tubular atrophy is seen in the background. (Jones Silver stain, x200). (B) The same
glomerulus as shown in A with segmental sclerosis and adhesion formation at the tubular pole. (Jones
Silver stain, x400).

There might be segmental occlusion of capillary tufts or segmental expansion of capillary tufts with
intracapillary foam cells with hypertrophy of overlying podocytes bridging towards parietal epithelial
cells and proximal tubular epithelial cells with or without herniation into proximal tubule."" In some
instances, synechiae formation between the glomerular tuft and Bowman' s capsule at tubular neck or
the confluence of podocytes with parietal or tubular epithelial cells at the tubular neck might be
observed. In view of above morphologic appearances, collapsing variant should be excluded.

This lesion might be very subtle, so conscious evaluation of multiple serial sections of the biopsy must
be examined, so that early lesions are not missed. This might be the reason behind reported low
frequency of this lesion from different parts of the world.”™” The early description of glomerular tip
lesion was not only confined to FSGS, rather it reflects a curious glomerular abnormality that might be
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seen independently in heterogenous proteinuric renal glomerulopathies including membranous
glomerulopathy or even in diabetic glomerulosclerosis.

Tip lesion usually presents clinically with very heavy proteinuria and there are some controversies
among several authors regarding the existence of this unique lesion. Some authors suggest that 1t 1s
simply a response of glomerulus to heavy proteinuria in the absence of any other abnormality on light
microscopy and it may represent one form of MCD but others postulate that it 1s a well-defined and
established specific pathologic entity.” A few studies have observed that tip lesion follows more
favorable clinical course and response to steroid treatment, which 18 comparable to that of MCD, while
others demonstrate that clinical course and outcome 1s similar to that of patients with FSGS, NOS variant
and question the clinical significance of this variant.”” Light microscopy and even electron microscopy
1s not helpful in this regard because 1t cannot discriminate between the two lesions. Although some
authors suggest that immunohistologic evaluation of podocyte protein expression might be helpful
because this protein expression is altered in FSGS but not in MCD.”**

Arias et al, have observed progression to chronic kidney disease (CKD) and even to end-stage renal
disease (ESRD) in 19.2% of patients with tip lesion and they proposed that tip variant should not be
considered as a prognostically favorable disease; rather, it could be an early morphologic insignia of
severe glomerular disease.”” Similar observations were made by Howie et al who have proposed that
glomerular tip lesion may progress to NOS lesion and it should not be considered as a benign disease.”

Conclusively, glomerular tip lesion 1s a distinct morphologic pattern of FSGS which usually exhibits
more favorable clinical course in terms of remarkable response to steroid therapy but in long-term follow
up studies, tip lesion may progress to CKD and even to ESRD."*” These observations question the
distinctness of this entity from NOS variant. As we have discussed earlier, only the clinical course and
response to treatment can predict the biological behavior of this unique lesion.

Perihilar Variant

Perihilar variant accounted for 1.1% and 0.7 % of our adults and children with NS, respectively."™"
Perihilar variant 1s commonly observed in patients with segmental sclerosing lesions mediated by an
adaptive response to hyperfilteration or nephron loss or glomerular hypertension. Howie et al have
observed that the lesion found in cases with secondary FSGS was almost always perthilar and this
appearance 1s helpful in distinguishing primary from the secondary forms in the absence of clinical
data.”

The relative frequencies of perihilar variant reported in literature vary widely ranging from 1.1% to
26%, reiterating the possible role of various environmental, infectious as well as socioeconomic
etiopathogenetic factors underlying the pathogenesis of this variant." " The defining histologic features
of perthilar variant are presence of perihilar hyalinosis with or without segmental sclerosis (Figure 4).
Furthermore, among these involved glomeruli, more than 50% sclerotic lesions should be in the perihilar
region to designate it as perihilar variant. Other glomeruli may show morphologic features of NOS
variant but they should be present as a minor component. The presence of any single glomerulus with
hypercellular or collapsing lesion excludes the perthilar variant, so careful evaluation is required for
exclusion of these lesions, while presence of tip lesion does not exclude the diagnosis of perthilar
variant.
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Figure 4. FSGS, perihilar variant. (A) Low-power photomicrograph showing a glomerulus with segmental
scarring and hyalinosis involving the hilar region. Mild tubular atrophy is seen in the background. (PAS,
x200). (B) The same glomerulus as shown in A with segmental sclerosis and hyalinosis at the hilar pole.
(PAS, x400).

In addition, there might be some degree of mesangial hypercellularity, lipid vacuoles in the cytoplasm
of and hypertrophy/ hyperplasia of podocytes, although the later phenomenon is infrequent in this
variant as compared to other ones.”” As far as clinical course and progression of disease is concerned,
some authors have observed that majority of patients with perthilar variant present with sub-nephrotic
range proteinuria and 82% of the patients on follow-up progress to CKD.”” In some studies, there were
very few number of cases with perihilar variant, so statistical analysis could not be performed.” Some
authors postulate that this disease has an insidious onset and slow progression toward CKD and this
variant 1s frequently observed in patients with secondary causes of FSGS.

Cellular Variant

The last, but not the least, variant is very unique morphologically, 1.¢., the cellular variant. We observed
this variant in 0.5 % of adult nephrotic patients and 0.7% of pediatric patients.”" The reported frequency
of this variant is also divergent ranging from 0.5 to 25.5% in different studies.™” In most studies,
however, the prevalence of this variant is markedly low.” The defining histologic features for this variant
include the presence of at least one glomerulus with segmental occlusion of capillary lumina by
endocapillary proliferation of foam cells and/or macrophages and/or endothelial cells and/or neutrophils
and/or lymphocytes with or without karyorrhectic debris or fibrin.”*

In contrary to the primary definition of cellular variant, the Columbia classification also expanded the
defining criteria to include the proliferation of extracapillary cells, particularly podocytes and 1t should
not be accompanied by segmental collapse of capillaries; if later is present, the lesion would qualify for
collapsing variant (Figure 5). In addition, hyalinosis, segmental scarring or synechiae are not features
of this remarkable histologic variant.""*"” Keeping in mind all these restrictive criteria, one should
vigorously search to exclude other variants of FSGS. In addition, a careful interpretation of clinical
manifestations, serological findings and immunoflourescence results 1s mandatory for proper
categorization of this lesion. These limitations might be explanatory behind the very low reported
frequency of this variant.
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Figure 5. FSGS, cellular variant. (A) Low-power photomicrograph showing a glomerulus with expansile
lesion. Mild tubular atrophy is seen in the background. (Jones Silver stain, x200). (B) The same glomerulus
as shown in A with segmental expansion of tufts near the tubular pole. Capillary loops are distended with
intracapillary foam cells and inflammatory cells. Mild podocyte hyperplasia is seen. Mild tubular atrophy is
seen. (Jones Silver stain, x400).

The clinical course and prognosis of this rare variant are also not very clear as yet due to scarce number
of patients observed in the literature; however, Stokes et al. have observed that there 1s no significant
difference in clinical course as well as the outcome of these patients from the NOS variant.”

Conclusion

In conclusion, FSGS is one of the leading causes of CKD and ESRD. In fact, FSGS 1s a morphologic
diagnosis and 1t does not actually indicate a single disease entity. Acknowledging that the common
pathogenetic element among the heterogenous variety of lesions in FSGS is the podocyte injury, some
authors propose that the various clinical and histologic variants are the result of variable podocyte
response to injurious stimuli: effacement, apoptosis, arrested differentiation, or dedifferentiation.
Additional detailed insights into the pathogenesis as well as the novel genetic markers may further
enhance our understanding about the heterogeneity of the variants of this morphologic entity.
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