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INTRODUCTION

Focal and segmental glomerulosclerosis (FSGS) is
a glomerulonephritis which tends to recur. The inci-
dence of recurrence is known to be rather high and
some nephrologists consider the disease a contra-
indication to renal transplantation. But when we speak
of focal segmental glomerulosclerosis we refer to
several diseases. Not all focal segmental glomeru-
losclerosis are at risk of recurrence and when renal
transplantation is proposed, it is necessary to know
what type of focal segmental glomerulosclerosis is
responsible for end-stage renal disease?.

In this paper we discuss the aetiology of FSGS,
the most useful genetic studies to perform before
renal transplantation, the value of the Columbia clas-
sification for predicting recurrence and the frequency
of recurrence when the patients are well classified.

DEFINITION

FSGS is a lesion rather than a disease. Irreversible
podocyte injury which can be multifactorial leads to

this type of lesion. A mature podocyte is a nondivid-
ing cell with a complex structure which is contractile
and covers several capillaries. Its function is to syn-
thetise glomerular basement membrane mediators
and it is also capable of endocytosis and peptide
degradation. On the surface there are numerous mol-
ecules including receptors and adhesion molecules
and this complex cell is very important in filtration2.

The podocyte is very susceptible to injury, unable
to proliferate and unable to affect repair following
damage. Experimental models help us to understand
the chronology of the events leading to FSGS3.

SEQUENCE OF EVENTS IN
THE DEVELOPMENT OF FSGS

Stereotypical responses to injury include pro-
gressive morphologic evidence of podocyte injury
beginning with foot process effacement and pro-
gressing through cell body attenuation and pseudo-
cyt formation to detachment of the podocyte from
the glomerular basement membrane (GBM) and loss
of the urinary space. When the denudated area of
GBM created by podocyte loss meets the parietal
epithelium, these cells attach to the capillary base-
ment membrane. This begins a sequence of events
leading to the formation of an adhesion. This part
is invaded by fibroblast, organisation, enlargement
of the lesion and progression to global glomerular
sclerosis4.
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REVIEW OF THE DIFFERENT
FSGS AETIOLOGIES

Three groups of FSGS can be distinguished: sec-
ondary forms, hereditary podocytopathies and FSGS
related to a circulating factor.

M 1. Secondary forms

In evaluating risk of recurrence in renal transplan-
tation, the secondary forms must be recognised as
they do not recur.

Glomerular hypertension

Compensatory hyperfiltration following reduction
in renal mass is accomplished in part by elevation
of the transcapillary pressure gradient and this
implies glomerular hypertension, podocyte injury and
the development of FSGS5.

Hyperlipidaemia and obesity

The excess excretory load seen with obesity is
associated with adaptative change in glomerular
filtration (hyperfiltration, afferent arteriolar dilatation
and glomerular capillary hypertension) typical of
reduced nephron number accompanying chronic
kidney disease. The effect of these factors on the
glomeruli is expected to be exaggerated in individu-
als with reduced nephron number resulting from
intrauterine growth retardation.

Adverse adaptation to excess renal sodium reten-
tion in obesity (mediated by angiotensin Il and
sympathetic activation) induces hyperfiltration and
afferent vasoldilatation which leads to glomerular
injury. Hyperinsulinaemia/insulin resistance, seen
early in obesity-initiated metabolic syndrome and
which precedes hyperglycaemia, causes adverse renal
structural modification. These include glomerular
hypertrophy and pathologic effects on glomerular
cells. The excess intracellular lipids may have a direct
toxic effect on renal cells by promoting the synthesis
of lipid products capable of causing cell injury®.

Chronic pyelonephritis and reflux nephropathy

In this field the presence of FSGS supports the
hypothesis that adaptative changes following nephron

202 | Port ) Nephrol Hypert 2010; 24(3): 201-206

loss due to atrophic pyelonephritis and reflux neph-
ropathy place stress on podocytes and lead to pro-
gressive loss of renal function”.

Oligomeganephronia

This is a rare congenital form of renal hypopla-
sia that occurs without dysplasia or other urinary
tract abnormalities. Morphological studies show
enlargement of glomeruli, juxtaglomerular appa-
rati and tubules. The glomeruli show no other
changes until late in the course when they devel-
op segmental glomerular scars with adhesion and
epithelial cell hyperplasia. It is usually a sporadic
malformation with no family history. It can be
associated to other abnormalities and constitutes
branchio-oro-renal syndrome, acro-renal syndrome
and renal-coloboma syndrome. PAX2, a nuclear
transcription factor, is critical in the development
of the kidney, eye and ear. Mutant forms of PAX2
have been reported in patients with renal-coloboma
syndrome and in sporadic forms of oligomega-
nephronia®. HNF1B gene mutations have also been
described®.

Unilateral renal agenesis

FSGS can appear because of an insufficient num-
ber of nephrons and is secondary to focal glomeru-
lar hypertension as previously described™®.

Cholesterol atheroembolisation

Renal atheroembolisation is a common complica-
tion of atherosclerosis and the risk factors include
male sex, peripheral vascular disease, hypercholes-
terolemia and hypertension. The mobilisation of
cholesterol crystals in the circulation is responsible
for vascular obstruction, ischaemic phenomena and
loss of nephrons. Other factors such as hyperfiltra-
tion and hyperlipidaemia can be involved®'.

Viral aetiology

It is important to eliminate any viral aetiology to
FSGS. HIV in black patients is the most commonly
implicated virus in FSGS?2.

Viral infection has been linked to FSGS and par-
vovirus Big infection in some series, but needs to
be confirmed?3.
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Therapy

An association between pamidronate, a biphos-
phonate inhibitor of bone reabsorption used in the
treatment of malignancy, and osteolytic metastases
has been reported. Patients who develop nephrotic
syndrome all received prolonged courses of the drug
at a higher than recommended dosage. The pro-
nounced podocyte pathology seen in this syndrome
supports a cytotoxic effect of pamidronate and in
analogy with the metabolic effects of biphosphonate
on osteoclasts, the drug has several potential
mechanisms of interfering with podocyte metabolism
and function4,

B >. Genetic diseases

It is very important to propose genetic investiga-
tion in patients with FSGS when secondary forms
have been excluded. This is now available and must
be used when podocytopathies are observed, par-
ticularly in the cases which are cortico-resistant.

The age of appearance of nephrotic syndrome,
terminal renal insufficiency is very important to
consider.

Slit diaphragm proteins

Congenital nephrotic syndrome
(Finnish-Type NPHS1 muations)

Any nephrotic syndrome developing within a
year of birth could be the manifestation of Con-
genital Nephrotic Syndrome (Finnish-Type-CNS)
with a mutation concerning the gene coding for
nephrin (NPHS1 mutation). CNS has an autosomal
recessive mode of inheritance and it occurs in
various ethnic groups and races. The gene respon-
sible (NPHS1) was identified by genome-wide
screening of affected Finnish families and was
mapped on the long arm of chromosome
19(19q13)'5. Nephrin is the protein product of
NPHS1, which is a major component of podocytic
slit diaphragm. It gives normal function of the
glomerular filter. The most common pathological
finding is tubular dilatation. Few glomerular abnor-
malities may be present at birth, but foetal glom-
eruli, mesangial sclerosis are seen in varying
proportions as the disease develops. Electron

microscopy shows wide-spread effacement of the
glomerular epithelial foot processes. Slit dia-
phragm is not seen between the adjacent pedicels
and nephrin is not usually expressed. Immuno-
globulin and complement are concentrated in
scars. Death usually occurs within the first year
from complications of nephrotic syndrome.

Among genetic podocytopathies, it is the one form
where recurrence was observed. Patralka et al.
observed nephrotic syndrome after transplantation?®.
The nephrotic grafts showed foot process effacement
and decreased slit diaphragms. The presence of
anti-nephrin without nephrin antibodies was discov-
ered in these patients, supporting an immune patho-
genesis. Thus, recurrent nephrotic syndrome appears
to have a different pathogenesis from the original
disease and cannot be considered as a true recur-
rence.

Autosomal Recessive FSGS and steroid-resistant
Nephrotic Syndrome

This form is observed in children. It is a famil-
ial form of steroid-resistant nephrotic syndrome
with recessive transmission, early onset and lack
of recurrence of the disease after transplantation.
The gene is mapped on chromosome 1g25-1g31.
The gene, NPHS2, encodes podocin, a membrane
protein that is exclusively expressed in podocytes
of foetal and mature kidney’. Podocin plays a
role in the functional organization of the slit dia-
phragm. It interacts with CD2AP and nephrin.
Individuals with homozygous or compound
heterozygous NPHS2 mutations uniformly present
with nephrotic syndrome or heavy proteinuria that
does not respond to steroid therapy. The course
of rapid progression to end-stage renal disease is
almost universal. This genetic defect is observed
in children but has been described in young
adults. In families with this type of genetic podo-
cytopathies, the affected individuals were com-
pound heterozygotes for R229Q?8. No patients are
homozygous for R229Q. It was postulated that
this mutation by itself does not cause FSGS but
its association with the disease in that it enhanc-
es susceptibility to FSGS in the presence of a
second mutated NPHS2 allele. Testing R229Q
should be part of the work-up to a renal trans-
plantation in patients with FSGS. The discovery of
this mutation suggests the absence of recurrence
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risk. Some cases of recurrent proteinuria after
transplantation but without anti-podocin antibod-
ies has been described.

Autosomal dominant forms
CD2AP Mutations

CD2-associated protein (CD2AP) is associated to
nephrin and podocin and is related to cytosquelette.
The mutations were studied in knock-out mice which
develop glomerular sclerosis, massive proteinuria
and die shortly after birth. An African-American series
with primary FSGS and HIV-associated FSGS and
changes concerning CD2AP protein has been dem-
onstrated and it was found mutations that deleted
more than 80% of CD2AP protein. The gene is
mapped on chromosome 6p12. It was postulated
that as in heterozygous CD2AP mice, decreased
levels of CD2AP associated with the heterozygous
state in human beings confer disease susceptibility*S.
The transmission of the disease is autosomal
dominant. These forms develop disease phenotype
in adulthood.

Transient receptor potential cation 6 (TRPC6)

TRPC6, encoding a member of transient recep-
tor potential superfamily of ion channels, is a
calcium-permeable cation channel, which mediates
capacitive calcium entry into the cell. Several dif-
ferent mutations have been identified as a cause
of autosomal-dominant FSGS. This form of neph-
rotic syndrome is with adult onset but it exists
also in children. Sporadic forms have been
described. The gene is mapped on chromosome
11g21-222°, Because of the role in the control of
cationic channels, new therapeutic approaches can
be proposed.

Formin gene INF2

Another gene identified in a region of chromo-
some 14q was recently described?’. By sequencing
multiple genes in this region, nine independent
nonconservative missense mutations in INF2 were
detected, which encode a member of the formin
family of actin-regulating family. Formin is co-
expressed with nephrin in the slit diaphragm and
seems to play a role in the regulation of actin
polymerisation in podocyte function. The transmission
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of this form is autosomal dominant and effects children
and also young adults.

Cytosolic proteins
Alpha-Actinin 4

This is associated to the foot process of podo-
cytes. The gene coding for this protein is mapping
on chromosome 19g1322. When mutations concern-
ing this gene are observed, mutant alpha-actinin
strongly binds to filamentous actin and this abnor-
mal interaction may affect podocyte function by a
variety of mechanisms, including the interaction of
actin with the slit-diaphragm and with the glomeru-
lar basement membrane via integrins.

Phenotypic presentation is variable with some
patients developing nephrotic syndrome, end-stage
renal failure at an early age and some having only
microalbuminuria,

The transmission of the disease is autosomal
dominant.

Phospholipase C epsilon

PLCE-1/NPHS3 gene mapping on chromosome
10g23-24 encodes phopholipase C epsilon, present
in podocyte cytoplasm and which has indirect inter-
action with nephrin. Mutations concerning this gene
have recently been implicated in nephrotic syndrome
beginning in childhood with FSGS by renal biopsy?3.
The transmission is an autosomal recessive form.

Nuclear proteins. WT1

WT1 was first considered as a transcriptional factor
that plays a major role in kidney and gonad develop-
ment and maintenance of podocyte function. Immu-
nohistochemistry shows a nuclear staining. This gene
is mapped on chromosome 11p13. The nephrotic
develop early and may be confused with Finnish type
congenital nephrotic syndrome. However, the course
to end-stage renal disease is rapid, usually within
four years and the histological form is more a Diffuse
Mesangial Sclerosis than a typical FSGS24. Patients
with Denys Drash syndrome and Frasier syndrome
(associated or not to Wilms tumor but with gonad
abnormalities) have Diffuse Mesangial Sclerosis when
they have nephrotic syndrome?5. When mutations
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concerning WT1 are found, it is necessary to explore
if there are renal tumour and gonad abnormalities.

Mitochondrial products

The MELAS syndrome (mitochondrial myopathy,
encephalopathy, lactic acidosis and stroke) may have
renal manifestations as nephrotic syndrome. The
renal biopsy can show FSGS26. The discovery of
diabetes mellitus, neuromuscular symptoms, hyper-
trophic cardiomyopathy, macular dystrophy associ-
ated must propose the exploration of A3243 muta-
tion in the mitochondrial gene MITL1.

M 3. Circulating factors

The fact that FSGS is reputed to recur is the base
for proposing the role of a circulating factor to
explain the podocytopathy.

Recurrent FSGS following renal transplantation is
a unique model of FSGS in human beings as the
same process that causes glomerular pathology in
the native kidney is presumably acting in the graft.
In a typical case, nephrotic syndrome recurs soon
after renal transplantation, often within 24 hours.
Despite the presence of massive proteinuria, the
biopsies show no evidence of FSGS and electron
microscopy demonstrates variable foot process
effacement. In the presence of continuing proteinu-
ria, the same patients developed segmental glom-
erular pathology in serial renal biopsies.

Savin et al. demonstrated that serum or plasma
from patients with recurrent FSGS increased glom-
erular permeability of glomeruli isolated from normal
rats and that plasmapheresis decreased the serum
activity on glomerular permeability?7. It was also
demonstrated that when whole serum from patients
with collapsing glomerulonephritis was injected into
mice, they developed glomerular enlargement, focal,
segmental and global collapse, podocyte swelling
and diffuse foot process effacement. Removal of 1gG
from the serum did not eliminate the pathogenic
effect and the authors concluded that there might
be more than one circulating factors. It was pro-
posed that the plasma of these patients caused
redistribution of slit diaphragm proteins, nephrin,
podocin, CD2AP and actin from cell membrane in a
diffuse cytoplasmic distribution28,

Preliminary characterisation of the permeability
factor has shown that it is larger than known lym-
phokines, with special chemical properties as it is
weakly anionic and hydrophobic?7. It consists of
highly glycated proteins or peptides. Musanne et
al. used proteomic techniques to identify six pro-
teins that maintained their permeability character-
istics after purification and renaturation: fibulin,
apolipoprotein 1, vitronectine, albimin isoforms,
gammachain fibrinogen and mannan-binding lectin-
associated serine protease?. Finally, the character-
istics of the circulating factor are not totally defined
and its presence cannot be evaluated before trans-
plantation.

HISTOLOGICAL CLASSIFICATION
OR COLUMBIA CLASSIFICATION3®

Usual histological classification identifies five
mutually exclusive variants: perihilar variant, cellular
variant, tip variant, collapsing variant and if these
four variants are eliminated, the fifth variant is
nonotherwise specified (NOS). Evolution varies in
relation with variant but it is known that terminal
renal insufficiency is observed in all variants and the
variant determination cannot predict an unfavourable
evolution. It is also very difficult with the histologi-
cal variant to predict response to steroids.

COLUMBIA CLASSIFICATION
AND TRANSPLANTATION

The variant type observed in the native kidney is
not predictive of either recurrence or type of FSGS
seen on the allograft. The Columbia classification is
of no help in predicting recurrence after renal trans-
plantation or histological lesions in the case of
proteinuria recurrence3?.

FREQUENCY OF RECURRENCE

In evaluating the risk of FSGS recurrence, it must
be known that secondary FSGS and genetic FSGS
do not recur. These forms must be recognised before
the proposition of a transplantation.
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In so-called idiopathic forms, but probably with
circulating factor, a 30 to 50% recurrence is observed
in first renal transplantation. After a graft is lost to
recurrence, the probability of a recurrence in a sec-
ond transplant can increase to up to 80%327:32.

CONCLUSION

Transplantation in patients with FSGS is not con-
traindicated despite being the form of glomerulone-
phritis which recurs frequently with a nonnegligible
risk of transplant lost. Transplantation from a living
donor increases the risk of recurrence. Aggressive
plasmapheresis for about two weeks early in the
recurrence leads to a long-lasting remission.

Conflict of interest statement. None declared.
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