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Introduction
Minimal change disease (MCD) and FSGS are podocytopa-
thies that are common causes of nephrotic syndrome (NS).
Patients with MCD and FSGS demonstrate clinical hetero-
geneity that reflects the underlying pathogenic mecha-
nism(s). For example, while FSGS is often used as a broadly
encompassing histologic descriptive term, primary FSGS
represents a small subset (,20%).1 Children with idiopathic
NS are routinely presumed to have corticosteroid respon-
sive NS, tending to correlate with MCD on biopsy. Taken
together, MCD and primary FSGS are generally expected to
respond to immunosuppression and considered immune-
mediated. Thus, when considering podocytopathies that are
induced by immune-mediated mechanisms (e.g., permeabil-
ity factors), MCD and FSGS as disease entities start to
converge.
MCD and primary FSGS as histologic descriptors reflect

a common disease pathophysiology often referred to as
immune-mediated FSGS (IM-FSGS) or presumed perme-
ability factor-related FSGS. Including FSGS in both terms
is an unfortunate remnant of the conventional assumption
that histopathology alone can distinguish specific causes of
podocytopathy. For the remainder of this perspective, IM-
FSGS will be used interchangeably with primary and pre-
sumed permeability factor-related FSGS.

IM-FSGS can be defined as a composite of the following:

1. Extensive ($80%) podocyte foot process effacement on
electron microscopy.1

2. Nephrotic-range proteinuria or NS (defined as 24-hour
urine protein .3.5 g/d and serum albumin ,3.0 g/dl)
and at least one episode of partial or complete remission
with immunosuppression therapy (e.g., corticosteroids).
This definition also includes the development of

secondary resistance where proteinuria does not im-
prove after an initial period of responsiveness/de-
pendence to immunosuppression.

3. Absence of identifiable other causes (e.g., maladaptive/
obesity-related, genetic mutation, drug-induced, viral in-
fection, etc.).

FSGS is the common histologic end point for multiple
glomerulopathies including conditions such as Alport
syndrome and glomerular basement membrane diseases.
Therefore, patients presenting with idiopathic NS but
who have MCD on biopsy (i.e., no FSGS detected) should
be presumed to have IM-FSGS. As such, the term
IM-FSGS will be considered to include patients with
immune-mediated minimal change disease henceforth.

Clinical-Pathologic Considerations
MCD and primary FSGS are defined by the composite of

extensive podocyte effacement and immune-responsive NS.
In this model, earlier disease is more likely to demonstrate
MCD on kidney biopsy, whereas later in disease progres-
sion, gradual sclerosis of glomeruli increases the likelihood
of detecting FSGS in a biopsy sample (Figure 1). This con-
tention is further supported by the observation that biopsies
with FSGS have focal and segmental findings at the light
microscopic level but demonstrate diffuse and global podo-
cyte alterations at the electron microscopic level. Thus, a
histologic diagnosis of MCD may reflect either of two sce-
narios: (1) sampling variance from a small sample of glo-
meruli (typically ,20 glomeruli out of approximately 1
million present) that by chance failed to include glomeruli
that were indeed present with FSGS or (2) an earlier stage of
disease before more extensive involvement of the kidney
and development of focal scarring within glomeruli.2 Var-
iability in the degree of glomerular sclerosis can occur with
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different intensities of immunologic insult. For example,
mild immunologic insults may initially alter podocyte
signaling with alterations in the podocyte cytoskeleton,
slit diaphragm compromise manifesting with selective
albuminuria, and gradual sclerosis, whereas more intense
immune-mediated insults may completely disrupt the
cytoskeleton leading to podocyte destruction and
glomerulosclerosis.
Histologic examination of transplanted kidney allografts

with proteinuria recurrence has revealed an initial phase
with MCD (normal appearing glomeruli on light micros-
copy, with extensive podocyte foot process effacement seen
on electron microscopy). At later time points, FSGS has been
observed in biopsies of those same kidneys .3 Serial biopsies
of native kidney disease obtained early and later in the
disease course demonstrated similar findings in both human
and animal models.4

Responsiveness to Corticosteroid Therapy Lends to Potential
Mechanisms Linking MCD and FSGS
Among idiopathic NS, the specific histologic diagnosis

(MCD versus FSGS) does not reliably predict critical clinical
outcomes for patients, including steroid responsiveness,
future disease course, or the risk of post-transplant recur-
rence. Although FSGS is considered more corticosteroid
resistant and MCD more corticosteroid sensitive, the corre-
lation is imperfect and conceptually simplistic. Patients with
MCD have demonstrated frequently relapsing disease, cor-
ticosteroid dependence, and secondary corticosteroid resis-
tance (after a period of corticosteroid responsiveness),
whereas patients with FSGS have been reported to achieve
complete remission with corticosteroid therapy.
In children, an initial course of corticosteroids will induce

remission in approximately 90% of patients with MCD and
20%–60% with FSGS.5 However, approximately 60%–70%
of patients with either MCD or FSGS relapse during corti-
costeroid tapering or after withdrawal. Thus, long-term
maintenance corticosteroid therapy is often needed in

combination with additional immunosuppressive drugs
such as calcineurin inhibitors, alkylating agents (e.g., cyclo-
phosphamide), rituximab, or mycophenolate mofetil to re-
duce the adverse effects of corticosteroid therapy. Rituximab
therapy for either MCD or FSGS has similarly been reported
to have 30%–50% relapse rates.6 Finally, children with MCD
and initial corticosteroid sensitivity can develop secondary
corticosteroid resistance, which is associated with higher
risk of progressing to ESKD (up to 50% within 10 years).
IM-FSGS is also postulated to be due to a systemic cir-

culating factor leading to podocyte dysfunction. This is
evident in the high rate of recurrent disease in kidney
allografts. Up to 30%–60% of patients can experience re-
currence after transplantation. Among children with post-
transplant recurrence of idiopathic NS, 93% had initial
corticosteroid sensitivity compared with 30% who had cor-
ticosteroid resistance.7 One possible circulating factor is the
discovery of autoantibodies directed at the critical podocyte
slit diaphragm protein, nephrin. Transplant patients with
recurrent FSGS have demonstrated high nephrin autoanti-
body levels which declined with remission.8 Moreover,
nephrin autoantibodies have been described in 29%–44%
of adults and children with NS due to MCD.9,10 These rates
may be higher with the use of more sensitive assays and if
patients were tested before immunosuppressive therapy.10

Targeted binding of antinephrin autoantibodies may dis-
rupt nephrin structure (e.g., nephrin tyrosine phosphoryla-
tion) and/or function and lead to loss of slit diaphragm
integrity, podocyte injury, and proteinuria.10 The presence
of antinephrin autoantibodies were demonstrated to be
higher if tested before treatment as immunosuppressive
therapy may reverse the process, reducing or eliminating
the circulating antibodies.10 In addition, screening children
with immune-mediated NS found that 66% (among 341
patients) had one of seven different podocyte autoanti-
bodies.11 Animal models have suggested that podocyte-
specific dysfunction in signaling and/or structure can
play a role as both an immunogenic stimulus and a
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Figure 1. Within immune-mediated NS, the histologic lesions of MCD and primary FSGS represent a common pathologic process and a single
clinical disease entity. MCD may be diagnosed earlier during the podocytopathy when sclerosis is less evident. With disease progression,
podocyte loss and sclerosis of glomeruli become more prevalent, which also increases the likelihood of detecting FSGS in a biopsy sample.
MCD, minimal change disease; NS, nephrotic syndrome.

PERSPECTIVE www.kidney360.org

1198 Kidney360



pathogenic mechanism for podocyte injury. Such autoim-
mune processes can lead to a spectrum of injury including
milder antibody-mediated processes or more inflammatory
mechanisms with the possibility of complement activation.
As reliable markers (e.g., podocyte-specific antibodies) are
established to clearly identify and affirm IM-FSGS disease
and mechanism, we hope such improved understanding of
molecular pathophysiology will pave the way for accep-
tance of more distinct terminology.

Conclusions and Recommendation
Several lines of preclinical, translational, and clinical ev-

idence collectively support the hypothesis that immune-
mediated NS can manifest histologically as MCD and/or
FSGS, likely reflecting different stages of disease. Indeed, we
believe that continued adherence to this histologic distinc-
tion will only hinder efforts to develop safer and more
effective therapies for this devastating disease, affecting
patient populations who could be most likely to benefit
from more targeted immunomodulating and/or nonimmu-
nomodulating therapies. We propose that classifying this
disease based on its apparent molecular pathogenesis rather
than its histology will provide a better foundation for both
development of more targeted treatments and more precise
management of patients with NS. Therefore, we recom-
mend, using the term immune-mediated NS to encompass
MCD, FSGS, immune-mediated minimal change disease,
and IM-FSGS.
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