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Abstract
The majority of patients with non-HIV-related collapsing focal segmental glomerular sclerosis
(FSGS) have idiopathic disease. Only a few genetic forms associated with rare syndromes have
been described in families. Here we report two families with multiple members who have
collapsing FSGS with no clear associated secondary etiology. Genetic analysis revealed a defect in
the TRPC6 gene in one family, but excluded all known common inherited podocyte defects in the
other family. The course and response to treatment differed dramatically among members of the
same family.
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Introduction
Collapsing glomerulopathy (CG) is considered to be an aggressive variant of focal
segmental glomerulosclerosis (FSGS). While it may be associated with infections such as
HIV disease, autoimmune diseases, and certain medications, CG comprises from 9% to 24%
of patients with idiopathic FSGS [20]. A number of rare genetic syndromes have been
associated with collapsing FSGS, including action myoclonus renal failure, mandibuloacral
dysplasia or WT1 gene-associated syndromes [1, 18]. We report here two families with
multiple members who had collapsing FSGS and include genetic analysis of commonly
known inherited genetic podocyte defects. The course and response to therapy differed
dramatically among members of the same family.

Case histories
First family

A 37-year-old Hispanic woman underwent evaluation as a potential kidney donor for her
brother who was on hemodialysis. She was found to have a normal physical examination, a
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normal serum creatinine, and a negative urinalysis. Three months later and prior to kidney
donation, she developed the sudden onset of edema and shortness of breath.

The patient denied taking any medications. She was monogamous with only one sexual
partner, had no blood transfusions, and no history of intravenous drug abuse or any other
risk factors for HIV infection. She had a history of preeclampsia during her first pregnancy
and a second normal pregnancy thereafter. Family history included the brother with ESRD
due to collapsing FSGS and a sister who also had recently developed FSGS (Figure 1).

Physical examination revealed a blood pressure of 166/94 mmHg and both periorbital and
ankle edema. Laboratory evaluation showed a urinalysis with 4+ proteinuria but no
hematuria. 24-h urine protein excretion was 12 g/d. Serum creatinine was 0.7 mg/dl, serum
albumin 1.8 g/dl, and total cholesterol 400 mg/dl. Serology for hepatitis B and C, CMV and
antinuclear antibody was negative, and serum complement was within the normal range.
HIV testing was negative.

A renal biopsy (Table 1) contained 30 glomeruli, 50% of which showed focal segmental and
mostly global collapse of the glomerular capillary tufts with features of wrinkling and
retraction of basement membrane with partial or complete occlusion of the capillary lumina.
There was no mesangial or endothelial proliferation. Patchy interstitial edema and
inflammation along with focal tubular atrophy were observed. There were areas of mild
tubular dilatation, a few containing hyaline casts. Immunofluorescence was negative, and on
electron microscopy the glomerular basement membranes (GBM) were wrinkled and
collapsed with capillary luminal narrowing or occlusion with diffuse foot process
effacement. There were no electron dense deposits or tubuloreticular inclusions. The
histopathologic diagnosis was collapsing focal segmental and global glomerulosclerosis.
Sequencing-based genetic analysis for defects in the NPHS2, TRPC6, and ACTN4 genes
revealed no defects.

The patient was started on diuretics, an HMG CoA reductase inhibitor, and cyclosporine 100
mg twice daily. Two months later the patient had less edema and declining proteinuria. One
year after the initiation of cyclosporine, she was edema free and in partial remission (urine
protein 2.4 g/d and serum creatinine 1.3 mg/dl). At 18 months she had improved further with
a urine protein 0.625 g/d and with serum creatinine 1.3 mg/dl. Cyclosporine was
discontinued. During the 9 years of follow-up, the patient has been treated with losartan,
amlodipine and atorvastatin and remains in remission with urine dipstick revealing trace to
1+ protein, 24-h urine protein < 1 g/d and normal serum creatinine and serum albumin.
Urinalyses performed on her two asymptomatic female children (ages 7 and 10 years old)
revealed no proteinuria or hematuria.

Her older sister, a 40-year-old Hispanic woman, was also evaluated as a potential kidney
donor for her brother and was also found to have neither hypertension nor proteinuria, and a
normal serum creatinine. She had no history of medication use, drug abuse, transfusions,
promiscuity, or other risk factors for HIV infection. Two months after her evaluation, she
developed periorbital and pedal edema and weight gain. 24-h urine showed proteinuria 11 g/
day, creatinine of 2 mg/dl, and total cholesterol 463 mg/dl. Serology for hepatitis B and C,
HIV, and antinuclear antibody was negative. Serum complement was within the normal
range.

A renal biopsy (Table 1) contained 12 glomeruli, 3 of which showed segmental to global
collapse of the capillary walls with a distinctive retraction and absence of increased matrix
or cell proliferation. Prominent hyperplasia of visceral epithelial cells was observed. There
was focal tubular atrophy and mild interstitial fibrosis. Immunofluorescence revealed only
1+ IgM staining in the mesangium. Electron microscopy showed extensive wrinkling of the
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basement membranes, with total foot process effacement but no electron dense deposits or
TRIs.

The patient was treated elsewhere with oral prednisone 60 mg daily, diuretics, an ACE
inhibitor, and an HMG CoA reductase inhibitor. Over the next 3 months her kidney function
declined to Stage 5 of CKD (GFR < 15 ml/min/1.73 m2) and dialysis was started. She
remained on dialysis for 5 years until receiving a deceased donor renal transplant. She is
maintained on tacrolimus, mycophenolate mofetil, and low-dose prednisone
immunosuppression. Current serum creatinine is 0.96 mg/dl, and urinalysis is negative for
proteinuria.

The brother, a 38-year-old Hispanic man, originally underwent evaluation elsewhere for
nephrotic syndrome accompanied by Stage 5 CKD. Biopsy at that time (Table 1) contained
13 glomeruli, 11 of which were globally sclerotic. One demonstrated segmental sclerosis
and the remaining glomerulus showed collapse of capillary loops and increased mesangial
matrix. The interstitium was expanded by fibrous connective tissue and scattered
lymphocytic infiltration with atrophy and focal dilatation of the tubules. He progressed
rapidly to ESRD and was started on hemodialysis. After both sisters were excluded as
potential donors due to their own kidney disease, he received a living unrelated renal
transplant from his wife. This failed due to chronic allograft nephropathy but without
recurrence of the FSGS. After 2 more years of hemodialysis, he subsequently received a
deceased donor renal transplant. At 6 years following the transplant, he is maintained on a
regimen of cyclosporine, leflunimide, and low-dose prednisone. His serum creatinine is 0.7
mg/dl, and he has no proteinuria or signs of recurrent disease.

Second family
A 21-year-old white woman developed ankle edema and nephrotic-range proteinuria during
the 5th month of pregnancy. Her history included no medication use and no drug abuse. Her
family history included a mother with collapsing FSGS discovered at the age of 38 during
evaluation as a potential kidney donor for her own sister, and the maternal aunt with ESRD
due to collapsing FSGS. The patient’s sister had a urinalysis showing only trace proteinuria;
two brothers ages 21 and 19 years old had normal urinalyses.

Postpartum proteinuria persisted at 16g/d; her serum creatinine was 0.6 mg/dl. The patient
was serologically negative for hepatitis B, hepatitis C, HIV, ANA, and cytoplasmic and
perinuclear ANCA. Apercutaneous kidney biopsy showed collapsing FSGS (Table 1) with
14 of 34 glomeruli having segmental solidification and/or collapse of the tufts and mild
hyperplasia of the overlying podocytes. Patchy interstitial fibrosis and tubular atrophy of 20
– 30% of the parenchyma was present. IF showed only IgM and C3 mesangial staining. By
electron microscopy, GBM showed focal wrinkling and folding, and podocytes showed
extensive foot process effacement, hypertrophy, and focal detachment from the underlying
GBM. There were no electron dense deposits or TRI’s.

The nephrotic syndrome did not respond to 6 months of prednisone and subsequently she
was treated with cyclosporine. However, she progressed to ESRD 10 months after the
biopsy. After 4 months of hemodialysis she received a deceased donor renal transplant. She
is maintained on tacrolimus and mycophenolate mofetil with a serum creatinine of 1.0 – 1.3
mg/dl and no evidence of recurrent disease (urinalysis without proteinuria).

The patient’s maternal aunt had proteinuria for 7 years. At a time when her serum creatinine
was 1.3 mg/dl and her proteinuria was 2 g/d, she had a kidney biopsy (Table 1), which
showed minimal mesangial proliferation on light microscopy with 2 globally sclerotic
glomeruli out of 18 total. Several glomeruli showed areas of focal tuft collapse. IgM and C3
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were present in the mesangium. She developed nephrotic syndrome with 15 g proteinuria
per day, hypertension and progressive renal failure with a serum creatinine rising to 4.5 mg/
dl despite a trial of prednisone therapy. Repeat renal biopsy showed 20 – 30 glomeruli with
80% showing glomerulosclerosis, 10% showing segmentally sclerosed glomeruli, and 10%
showing “minimal change”. She progressed to ESRD and received a prophylactic one
haplotype match renal transplant from her brother 10 years ago. She is now maintained on
cyclosporine, prednisone, and mycophenolate mofetil with a serum creatinine ranging from
1.7 to 2.2 mg/dl and urinalysis showing no proteinuria.

The patient’s mother was found to have dipstick-positive (2+) proteinuria at the time of a
planned kidney donation to her own sister 10 years ago. A biopsy at that time (Table 1)
revealed 72 glomeruli with 9 globally sclerotic. Three showed segmental glomerulosclerosis
and several showed mesangial sclerosis. IF was positive for mesangial IgM staining.
Electron microscopy revealed one glomerulus with collapse of the tuft and two others with
partial tuft collapse. ACE inhibition therapy reduced her proteinuria. Nine years after biopsy
her serum creatinine is 0.9 mg/dl and urine protein to creatinine ratio is 0.9.

Sequence analysis of the exons and splice sites of ACTN4 and NPHS2 did not reveal any
likely disease-causing defects. In TRPC6, an arginine to cystine amino acid substitution at
residue 895 was detected in the proband and her mother, the two affected individuals from
whom DNA samples were available. This R895C substitution is identical to one that was
previously described in a family from Mexico that confers markedly increased current
amplitude on the encoded TRPC6 channel [19].

Discussion
Most cases of CG not associated with HIV infection are idiopathic. However, both reactive
and genetic forms have been described. The exact pathogenetic mechanisms leading to the
development of CG have not yet been fully elucidated. In murine models CG may occur
secondary to a number of different initiators, including HIV-1 gene products, oxidative
stress, and alterations in podocyte functions [2]. How these seemingly different insults lead
to the same pattern of CG injury remains to be clarified. In the clinical setting, based on the
observation that many associated disorders involve a perturbation of the immune system, a
potential role for immune activation has been hypothesized [14]. The higher prevalence of
the idiopathic CG in blacks, although not as pronounced as in HIV-associated nephropathy
(HIVAN), does suggest some genetic susceptibility [2, 22]. Furthermore, a genetic
predisposition is supported by the correlation between a certain MHC haplotype and CG in
the one reported family with multiple members with collapsing FSGS. This Mexican family
had five nephrotic siblings, all of whom had the collapsing pattern of FSGS and the same
MHC haplotype. However, the same MHC haplotype was also present in unaffected
members of this family [3]. Thus, these data support the hypothesis that a common genetic
trait may predispose to the development of CG, but that environmental factors may also play
a pivotal role.

Certain rare syndromes (e.g. action myoclonus renal failure, mandibuloacral dysplasia or
WT1 gene associated syndromes) have also been linked to genetic forms of CG [1, 18].
Furthermore, some genes susceptible to CG may encode for proteins involved in
mitochondrial function. Primary coenzyme Q10 deficiency secondary to defects in the
COQ2 gene has been described as a cause of CG [10]. The fact that the biphosphonate
medication pamidronate may cause CG and is also a mitochondrial toxin may imply that in
these cases mitochondrial damage is the crucial pathogenetic factor in the CG.
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Mutations of the gene encoding α-actinin-4 that causes autosomal dominant FSGS
inheritance [13] have also been associated with the development of CG in one of two
affected family members [7]. Cytoskeletal derangements of the podocytes caused by
ACTN4 mutations may contribute to the development of CG, a theory supported by a recent
study that reported the development of CG in ACTN4-deficient mice [12]. Mutations in
genes like NPHS2, which encodes podocin, TRPC6, which encodes the canonical transient
receptor potential 6 ion channel, CD2AP which encodes a protein found at the slit
diaphragm of the glomerulus and PLCE1 encoding phospholipase C epsilon have all also
been incriminated in genetic forms of FSGS, but not of the collapsing type [18]. In our
patients genetic testing in the first family did not reveal any defects in ACTN4, NPHS2, or
TRPC6, in the proband. Testing for WT1 and mitochondrial dysfunction forms of CG, etc.,
was not performed due to lack of routine availability of these genetic tests and because the
familial pedigrees did not fit the genetic syndrome of these tests. Moreover, the clinical
response to therapy with a complete remission of the nephrotic syndrome makes an inherited
defect in a structural component of the podocyte unlikely. In the second family, an arginine
to cystine amino acid substitution at residue 895 was detected in the proband and her
mother, the two affected individuals from whom DNA samples were available. Of interest,
this substitution is the same as one previously observed in a family with hereditary FSGS
from Mexico [19]. A genetic defect in TRPC6 must now be added to the genetic forms of
the disease associated with the collapsing form of FSGS.

Other etiologies of CG were excluded in our patients. Infections are the most common cause
of secondary or reactive forms of CG with HIV and HIV-associated nephropathy (HIVAN)
being the predominant cause. Our patients had no risk factors for HIV infection (specifically
no blood transfusions, intravenous drug abuse, history of multiple sexual partners or other
common risks for HIV infection), had an absence of TRI’s (one of the hallmarks of HIV
associated nephropathy) on their renal biopsies, and were tested serologically negative for
HIV infection at time of diagnosis of FSGS. Moreover, they had no manifestations of this
disease despite long-term follow-up. Indeed, they were negative for a variety of other
infectious agents as well and had no symptoms or signs suggesting an on-going infection.
Moreover, our patients, even within families, lived in different households making the
possibility of simultaneous viral infection unlikely. Exposure to certain medications like
bisphosphonates, mainly pamidronate [15] and in one case interferon-α [21] has been linked
with the development of CG. In our cases there was no history of drug exposure prior to the
onset of renal disease. Rarely, autoimmune diseases like SLE and adult Still’s disease as
well as malignancies (mostly multiple myeloma and lymphomas) have been associated with
CG [2]. In the solitary Mexican family with familial CG several members had features
suggestive of an autoimmune disease. ANA were negative in all of our patients, no
symptoms suggestive of autoimmune diseases were present and no one developed any
collagen-vascular disease or malignancy during follow up. Furthermore, 2 of our patients
had undergone the extensive work-up as potential kidney donors for their siblings and had
been found healthy.

The therapy of collapsing FSGS remains a dilemma. Treatment recommendations are based
on expert opinions and retrospective data [2, 20]. Drug regimens that are used to treat FSGS
including steroids, cyclosporine and other immunosuppressive agents have been suggested.
However, collapsing FSGS often responds poorly to treatment and progression to ESRD is
frequent and more rapid than in other patterns of FSGS. A course of oral steroids for 6
months is a recommended first line therapy [20]. On the other hand, some studies suggest
that earlier aggressive treatment may achieve higher remission rates [8, 14]. Therefore,
administration of cyclosporine or MMF or a combination of both may lead to better
outcomes [20]. Calcineurin inhibitors in particular have proven efficacious in the treatment
of steroid-resistant classic FSGS [6] and may be a reasonable and promising first-line
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therapy in patients with CG and massive proteinuria. Of interest, in our first case, the
administration of cyclosporine early in the course of the disease led to complete remission,
while her sister with similar clinical and histologic features at onset progressed to renal
failure during steroid therapy. The second family with a known genetic defect in TRPC6
was resistant to therapy.

In conclusion, familial CG is a rare entity with an often progressive clinical course and poor
response to treatment. Interestingly, CG and noncollapsing forms of FSGS may both be
caused by mutations in the same genes. All patients with familial FSGS should undergo
testing for genetic defects associated with the syndrome. While some patients may have
known genetic defects and be resistant to therapy, the absence of such defects should still
lead to potentially aggressive treatment to reverse the disorder as shown in our first case.
Future recognition of the responsible hereditary and environmental factors leading to this
lesion as well as better understanding of the pathophysiologic mechanisms underlying the
development of collapsing FSGS may provide us with more potent therapeutic strategies.
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Figure 1.
Figure 1A. Family history of the first family. Example: ○ = female; □ = male;  = FSGS
Figure 1B. Family history of the second family. Example: ○ = female; □ = male;  =
FSGS;  = trace proteinuria
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Table 1

Affected family members Biopsy Treatment Response

First family

Proband (1) (37 years old,
Hispanic woman)

L.M. • 30 glomeruli: 50%
showed focal segmental
and mostly global
collapse of the
glomerular capillary
tufts with fea- tures of
wrinkling and retraction
of basement membrane
with partial or complete
occlusion of the
capillary lumina

• No mesangial or
endothelial proliferation

• Patchy interstitial edema
and inflammation along
with focal tubular
atrophy, and areas of
mild tubular dilatation, a
few containing hyaline
casts

• Cyclosporine 100
mg/12 h

• Diuretics

• HMG CoA
reductase inhibitor

Complete remission

IF Negative

E.M. • Wrinkled and collapsed
GBM, with capillary
luminal narrowing or
occlusion

• Diffuse foot process
effacement

• Neither electron dense
deposits nor tubulo-
reticular inclusions
(TRI)

Sister (2) (40 years old) L.M. • 12 glomeruli: 3 of them
showing segmental to
global collapse of the
capillary walls with
absence of intrinsic cell
proliferation

• Prominent hyperplasia
of visceral epithelial
cells, Focal tubular
atrophy and mild
interstitial fibrosis

• Prednisone 60 mg/
d

• Diuretics

• ACE inhibitor

• HMG CoA
reductase inhibitor

ESRD + Tx (normally
functioning renal
graft)

IF 1+ IgM staining in the mesangium

E.M. • Extensive wrinkling of
the GBM’s

• Foot process totally
effaced

• Neither electron dense
deposits nor TRI

Brother (3) (38 years old) L.M. • 13 glomeruli: 11
globally sclerotic; 1
segmental sclerosis and
1 glomerulus collapse of
capillary loops and

None ESRD + Tx (normally
functioning renal
graft)
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Affected family members Biopsy Treatment Response

increased mesangial
matrix

• Expanded interstitium
by fibrous connective
tissue and lymphocytic
cellular infiltrates,
atrophy and focal
dilatation of tubules

Second Family

Proband (4) (21 years old,
white woman)

L.M. • 34 glomeruli: 14 having
segmental solidification
and/or collapse of the
tufts and mild
hyperplasia of the
overlying podocytes

• Patchy interstitial
fibrosis and tubular
atrophy • Prednisone.

• Cyclosporine,
added 6 months
later

ESRD + Tx (normally
functioning renal
graft)

IF IgM and C3 mesangial staining

E.M. • Glomerular basement
membranes (GBM) with
focal wrinklings and
foldings; podocytes with
extensive foot process
effacement, hypertrophy

• Neither electron dense
deposits nor TRI

Maternal aunt (5) (34 years
old)

L.M. 18 glomeruli: 2 globally sclerotic;
several with areas of focal tuft
collapse; minimal mesangial
proliferation

• Prednisone

ESRD + Tx CKD

IF IgM and C3 mesangial staining

Mother (6) (38 years old) L.M. 72 glomeruli: 9 globally sclerotic, 3
with segmental glomerulosclerosis
and several with mesangial sclerosis

• ACE inhibitors

CKD Stage 1

IF IgM mesangial staining

E.M. 1 glomerulus with collapse of the
tuft and others with partial tuft
collapse
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