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Primary focal segmental glomerulosclerosis
(FSGS) is the most frequently acquired disease
leading to end-stage renal disease (ESRD) in
children according to the 2004 annual report of
the North American Pediatric Renal Trials and
Collaborative Studies.® Its recurrence rate after
kidney transplantation is ranging between 20%
and 40%, and it is associated with poor graft
survival.”"? It portends a rate of graft loss of 20%
to 50% of cases.'*!°

In France, the majority (91%) of pediatric patients
exhibited a classical steroid-responsive relapsing
disease, without progressive renal insufficiency.
Estimates of steroid-responsiveness are somewhat
lower (80%) in referral populations or cohorts that
include adults.’®” On the other hand, in New York
City, about two-thirds of steroid-resistant nephrotic
syndrome (SRNS) patients were biopsy-proven
FSGS.'™ These lesions are associated with a high
risk of progressive kidney failure."

The lesion refers to a set of particular
histopathological features in which steroid-
resistant podocyte injury leads to focal adhesions
between the glomerular tuft and the visceral layer
of Bowman capsule, followed by progressive
glomerulosclerosis and proteinuric kidney failure.'
Moreover, when profuse proteinuria occurs
shortly after transplantation, an early kidney
biopsy usually shows minimal or no changes.
The podocytopathy that characterizes FSGS can

The recurrence rate of focal segmental glomerulosclerosis after kidney
transplantation is ranging between 20% and 40%. Focal segmental
glomerulosclerosis is associated with poor graft survival. In this
review, the etiology, pathogenesis, clinicopathological features,
risk factors of recurrence, and updated lines of management are
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only be detected several days or even weeks later
by electron microscopy—which is not always
performed—and typical changes of FSGS will only
be detected by light microscopy several weeks or
months later.?? On serial biopsies, the incidence
of minimal change disease decreased over time,
while the incidence of FSGS variants increased.
The variant type observed in the native kidneys
was not predictive of either recurrence or type
of FSGS seen on the allograft. Moreover, patients
with complete and sustained remission did not
develop FSGS." Therefore, posttransplant FSGS
recurrence implies these conditions: pretransplant
histopathological diagnosis and profuse proteinuria
that appears within weeks or days, if not hours,
following the release of vascular clamps. Moreover,
kidney biopsy discloses the reappearance of FSGS
weeks later following a first stage of minimal
glomerular changes.?

Some studies have identified some risk factors for
recurrent FSGS, which include rapid progression to
ESRD, young age of the onset of FSGS, and loss of
a previous graft from recurrent disease, but none
of these studies can clearly separate the patients
who will or will not be affected by recurrence.?
Age significantly influences the rate of recurrence.
It is not clear why teenagers have a poorer graft
survival than younger children. However, they
have long-term survival rates similar to recipients
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older than 65 years.??

Despite that the risk of recurrence in Hispanic
patients is similar to that of other white patients,
patients of African descent, especially in the
United States have a genetic inclination to suffer
from FSGS.??* Conversely, due to unknown
reasons, black patients transplanted for primary
FSGS run a less than 50% lower risk of recurrence
than their white fellow victims. Golgert and
colleagues® concluded that if the first graft had
failed following recurrence of FSGS, the risk of
recurrence in subsequent transplantations would be
100 %. However, Gohh and coworkers?® found in a
limited experience that 3 of 6 cases of preemptive
plasmapheresis were credited with the avoidance
of relapse following a first failure. However,
this is not sufficient to recommend living donor
transplantation without concern.

Several mutations of the slit diaphragm complex
proteins lead to neonatal (NPHS1, nephrin),
childhood (NPHS2, podocin), or delayed (ACTN4,
CD2AP, and TRPC6) forms of steroid-resistant
FSGS.? It could logically be assumed that sporadic
FSGS may recur on a transplant, whereas a genetic
form should not, except if antibodies against the
donor missing protein develop in the recipient.
Most studies on this matter have been carried out
in children with podocin mutations. Therefore,
fine genetic screening should be carried out in
children with SRNS form of FSGS and that podocin
mutations do not necessarily preclude the risk
of recurrence following kidney transplantation.
However, recurrence in genetic forms of FSGS,
due to unknown reasons, is rare,?® and this raises
again the issue of the glomerular permeability
factor. However, this situation might find an
explanation stemming from the concept that
inhibitors of glomerular permeability are lost in
the urine along with other proteins.”

Focal segmental glomerulosclerosis is now viewed
as a group of clinicopathological syndromes sharing
a common glomerular lesion, which is mediated by
diverse insults directed to or inherent within the
podocyte. It could be a primary (idiopathic) form
(80%), which is due to unknown cause, possibly
mediated by circulating permeability factors, or it
could be secondary to familial or genetic mutations
in specific podocyte genes, virus-associated (human
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immunodeficiency virus type 1, parvovirus B19,
simian virus 40, cytomegalovirus, and Epstein-Barr
virus), drug-induced (heroin, interferons, lithium,
pamidronate, sirolimus, calcineurin-inhibitors,
and anabolic steroids), adaptive conditions with
reduced renal mass (oligomeganephronia, very
low birth weight, unilateral renal agenesis, renal
dysplasia, reflux nephropathy, sequelae to cortical
necrosis, surgical renal ablation, kidney allograft,
aging kidney, and any advanced renal disease with
reduced functioning nephrons), or conditions with
initially normal renal mass (Table 1). The later
includes systemic hypertension, acute or chronic
vaso-occlusive processes (atheroembolization,
thrombotic microangiopathy, and renal artery
stenosis), elevated body mass index (obesity,
increased lean body mass [eg, body building]),
cyanotic congenital heart disease, and sickle cell
anemia.

Primary FSGS is the result of a complex interaction
between T and B cells leading to the secretion of a
circulating factor targeting podocytes. The presence
of a circulating vascular permeability factor
implicated in the physiopathology of this disease is
extrapolated by (1) early posttransplant recurrence
of nephrosis®; (2) proteinuria induced in rats by
infusing serum from patients with recurrent FSGS*;
(3) newborn infants belonging to women with
FSGS that may show the occurrence of a transient
nephrotic syndrome®; and (4) the efficiency of
plasma exchange or immune-adsorption at inducing
remission.* Biochemically, this circulating factor
is still not clear. Its molecular weight is suspected
to be between 30 kDa and 100 kDa; Dantal and
colleagues® suggested that it could be a part
of a complex with immunoglobulins. Recently,
Savin and colleagues® found that it had a high
affinity for galactose and that all its activity was

Table 1. Differences Between Primary and Secondary Causes of
Focal Segmental Glomerulosclerosis

Focal Segmental
Glomerulosclerosis

Feature Primary Secondary
Albuminuria Low (heavy proteinuria) Normal
Glomeruli Not enlarged Enlarged
Sclerosis Other sites Perihilar
Effacement of foot More Milder

processes
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eliminated by galactose affinity columns. Several
candidate plasma factors have been proposed.
Cardiotrophin-like cytokine 1, a member of the
interleukin-6 family, has been proposed initially.
It has permeability activity in a plasma fraction
with a molecular weight of less than 30 kDa and
can be enriched by means of galactose affinity
chromatography.

Elevated serum levels of soluble urokinase
plasminogen activator receptor (> 3000 pg/mL)
have been identified in nearly two-thirds of patients
with primary FSGS but not in those with minimal
change disease. Increased serum levels of soluble
urokinase plasminogen activator receptor before
renal transplantation were associated with an
increased risk of recurrent disease in the allograft.
It can induce foot process effacement through the
activation of podocyte B3 integrin, and its effect
can be blocked in animal models by neutralizing
antibodies targeting soluble urokinase receptor.?-*
It is closely correlated to inflammation, and
renal and hepatic dysfunction, which are central
pathophysiological and therapeutic targets in critical
disease.® It is expressed by various immune cells
such as monocytes, macrophages, neutrophils,
eosinophils,*’ activated T cells and natural killer
cells.**? It is also expressed by vascular endothelial
cells,* megakaryocytes,* and certain tumour cells.®
It is absent on erythrocytes, platelets, B cells and
resting T cells.®

It is well known that podocytes are postmitotic
cells, arrested in G2/M phase of the cell cycle,
and do not proliferate. It has been postulated
that this circulating factor and/or immune cells
directly interact with podocytes causing injury.
This included the redistribution of the protein of
the slit diaphragm, the loss of nephrin or podocin
and the effacement of the foot processes.*® It has
been suggested that foot processes effacement, if
reversed, can lead to the restoration of glomerular
architecture, which is typically observed in steroid-
sensitive minimal change disease. The failure of
repair mechanisms promotes podocyte detachment,
apoptosis, podocyte depletion, and FSGS.

Collapsing glomerulopathy is a specific variant of
FSGS in which podocytes may undergo a proliferative
state and phenotypic changes.** In addition to
podocytes, parietal epithelial cells also participate
in the collapsing glomerulopathy phenotype.*
Recently, Reiser and associates®® described the

expression of the costimulatory molecule B7.1 on
podocytes. However, its significance is not clearly
understood and remains speculative.

Nephrotic proteinuria results from loss of
integrity of the glomerular filtration barrier,
which regulates selectivity through the intimate
association of 3 layers: fenestrated glomerular
endothelial cells at the inner blood interface, the
glomerular basement membrane in the center,
and podocytes at the outer urinary interface.
Podocytes look like neurons in their large cell
body and elongated cellular extensions, stabilized
by a central actin cytoskeleton core. The foot
processes interdigitate along the outer aspect
of the glomerular capillary wall, linked to their
neighbors by slit diaphragms, which are modified
adherence junctions aligned in a zipper like array.
They provide structural support to the glomerular
capillaries and synthesize the proteins of the slit
diaphragm and many extracellular components of
the glomerular basement membrane. They cannot
repair by cell division, therefore its depletion
through detachment, apoptosis, or necrosis is a
critical mediator of glomerulosclerosis.”

The loss of a critical number of nephrons—as in
cases with late secondary forms of FSGS—promotes
the activation of the rennin-angiotensin system,
exacerbating proteinuria and setting the stage for
progressive glomerulosclerosis regardless of the
initial cause. Angiotensin II has direct proapoptotic
effects on podocytes. Excessive protein uptake
by podocytes induces podocyte TGF-B,*? which
promotes apoptosis and leads to endoplasmic
reticulum stress, cytoskeletal reorganization,
and dedifferentiation.” Drugs that are aimed
at the inhibition of RAS (such as angiotensin-
converting enzyme inhibitors and angiotensin
receptor blockers) lower intraglomerular filtration
pressures through the inhibition of angiotensin II-
mediated vasoconstriction of the efferent arteriole.
Angiotensin-converting enzyme inhibition also
augments bradykinin, which contributes to efferent
arteriolar dilatation. The resulting reduction in
proteinuria exerts a protective effect on podocytes
and tubular cells.

It is found that the time to onset of nephrotic
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FSGS and the malignant forms are predictive
of an early relapse on the graft,'*15%*% with a
histopathological pattern similar to that of the
native kidney. However, the first recurring lesions
were observed at the beginning of the proximal
tubule. This malignant variant often demonstrates
high serum creatinine levels and severe glomerular
and tubulointerstitial lesions, although the time
elapsed between the subclinical onset of FSGS and
its discovery when oedema appears and leads to
histopathological diagnosis by kidney biopsy is
unknown.>®

The 1999 European Dialysis and Transplant
Association Registry Report™ retrieved 723 cases
of transplantation for FSGS with 152 graft failures
(24%) at less than 15 years. However, this report
is somewhat confusing as there was no clear
distinction made between failure due to recurrence
and failure due to rejection. Floege,'* in his review,
found an estimate of 20% to 40% clinical recurrence
rate in FSGS resulting in a 10% to 20% rate of graft
loss after 5 to 10 years. Another review made by
Fine,’ came up with a consensus that 30% of grafts
with the recurrence of nephrotic syndrome or FSGS
are lost, presumably as a result of the recurrent
pathological process.

The most severe form of FSGS identified is the

Table 2. Different Types of Focal Segmental Glomerulosclerosis

so-called collapsing glomerulopathy. Swaminathan
and coworkers® found that proteinuria and serum
creatinine were significantly higher in this subgroup.
The glomerular tip lesions of FSGS appears to be
generally benign, following a course similar to
that of minimal change disease.”

More than 80% of FSGS cases recurred in the
same pattern as the original disease.®” However,
these findings are not matched with Canaud
and colleagues® who did not find that the initial
histopathological pattern was predictive of that
found on the grafted kidney.

Histological classification recognizes: not-
otherwise-specified,* perihilar,*48-2 cellular,>*>*
tip,'**>* and collapsing disease!*1°°6°7 variants,
and these are applicable to both primary and
secondary FSGS (Table 2 and Figure).**

A few studies using preemptive plasmapheresis
have been reported that it showed inconstant
efficacy and lack a control group. In 2005, Gohh
and colleagues® conducted a prospective study to
test whether pretransplant plasmapheresis could

Focal Segmental Glomerulosclerosis

Not otherwise

Feature . Perihilar Cellular Glomerular tip Collapsing
specified
Etiology Primary or More in adaptive Usually primary Primary Primary or secondary
secondary
Features Usually of genetic ~ Glomerulomegaly; Least frequent; Lesions at tubular pole; Collapsed tufts;
origin; the most lesions at endocapillary; less tubular atrophy hyperplasia of overlying
common vascular pole hypercellularity and interstitial fibrosis cells filling U space
Proteinuria Nephrotic or Subnephrotic Nephrotic Nephrotic; abrupt Nephrotic
subnephrotic
Foot process Variable Mild and focal Severe Severe Severe
effacement
Prognosis Fair Fair Fair Best Worst
pr',-"-'.('.' o
wo ARG
hq"\' !. o
"4("}“-!"?' f
‘ ey ’
0.
| S P
n'* ”?\‘ 3
P Oyed

LA 7\
bfé )‘\,A‘J}‘?\-.: A LS S .“.‘/‘.

-V ."-_ e ©

Pathologic Features of Focal Segmental Glomerulosclerosis: A, not otherwise specified; B, perihilar type; C, cellular type; D, glomerular

tip; and E, collapsing.
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prevent recurrence of primary FSGS in high-risk
patients who were defined by a rapid progression
toward ESRD (n = 4) or prior allograft loss because
of recurrence (n = 6). Patients were subjected to a
course of 8 plasmapheresis sessions for 2 weeks in the
immediate perioperative period. Recipients of live
donor kidneys initiated plasmapheresis treatments
1 week before transplantation and completed their
course at the end of the first postoperative week.
On the other hand, recipients of cadaver kidneys
underwent an initial plasmapheresis within 24
hours of transplantation. They found that FSGS
recurred in 3 of 10 patients, each of whom had
lost prior kidney graft due to recurrent FSGS. Two
of these progressed to ESRD, and the third had
significant renal dysfunction. The authors concluded
that plasmapheresis may decrease incidence of
FSGS recurrence in this particular patients. This
therapeutic approach is difficult to organize in
case of deceased donors. However, plasmapheresis
session before or shortly after transplantation may
increase the risk of major bleeding, despite that no
adverse events were reported in that study. This
approach would also lead to excessive treatment
in 50% of patients.

Rituximab is a monoclonal antibody against
CD20, a protein located on the surface of B cells.
It is used for treatment of certain cancers and
autoimmune disorders, but has also treated kidney
conditions including FSGS. CD20 was absent in
biopsies of patients with recurrent FSGS, suggesting
that podocytes do not express CD20 in either
healthy or diseased conditions. Rituximab not only
recognizes CD20 on B lymphocytes, but might also
bind sphingomyelin phosphodiesterase acid-like
3b protein and regulate acid sphingomyelinase
activity in podocytes. Therefore, its mechanism
of action is not antibody-mediated, but through B
lymphocyte-independent mechanism. It regulates
the activity of acid sphingomyelinase, which is
essential for the organization of receptors and
signaling molecules in the podocytes. It acts as
a direct modulator of podocyte function, similar
to what has been reported for cyclosporin. The
number of sphingomyelin phosphodiesterase acid-
like 3b-positive synaptopodin-positive cells per
glomerulus was lower in biopsies from patients
with recurrent disease when compared with non-

recurrent biopsies.®!

In 2006, Pescovitz and associates®? reported
complete remission after infusion of rituximab
in a young transplant recipient. After kidney
transplantation, this child rapidly developed
FSGS recurrence resistant to plasmapheresis and
cyclosporine and at the 5th month he developed
a posttransplantation lymphoproliferative
disease. After 6 infusions of rituximab to treat
posttransplantation lymphoproliferative disease,
proteinuria disappeared, suggesting a possible
interaction between Band T cells that leads to the
secretion of permeability factor.

Since that report, many transplant teams have
tested the ability of rituximab to treat FSGS
recurrence.®® In fact, rituximab seems to induce
remission in about 50% of cases, but some questions
remain unsolved. When should the infusion begin:
as an induction therapy or at time of recurrence?
How many infusions should be administered, given
that depletion of circulating B cells does not always
correlate with lymphoid organ depletion®”? What
are the long-term side effects of this treatment? To
date, no consensus has emerged, and double-blind
studies are needed to determine the therapeutic
potential of rituximab.

Fornoni and colleagues® have demonstrated that
rituximab treatment of high-risk FSGS patients is
associated with lower incidence of posttransplant
proteinuria and could directly protect podocytes
in a SMPDL-3b-dependent manner.

The costimulation molecule B7.1 is normally
expressed on antigen-presenting cells and B
cells. Recently, Reiser and colleagues® found that
B7.1 is also expressed on podocyte and could be
upregulated in many proteinuric states. Again, the
significance of the presence of this molecule is not
clearly understood and remains speculative. To
date, no published studies have evaluated blockade
of this costimulation pathway for the treatment of
FSGS recurrence.

Tumor necrosis factor-a (TNF-a) mRNA was found
to be upregulated in macrophages preceding the
development of nephrotic syndrome in Buffalo/Mna
rats.®® Furthermore, a high level of TNF-o mRNA
was detected in mononuclear cells from patients
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with FSGS.® Anti-TNF-a therapy was recently
tested in a child with resistant FSGS recurrence”®
and induced transient complete remission; however,
every relapse was anti-TNF-o infusion dependent.

Collapsing glomerulopathy recurrence is a
situation, in which podocytes can proliferate. Using
in vitro and in vivo mouse models, retinoic acids
were found to be efficient at reducing podocyte
proliferation and proteinuria.”! An ongoing study is
evaluating treatment of collapsing glomerulopathyin
native kidneys using retinoic acid (NCT00098020).

Recently, Savin and coworkers®” found that the
circulating factor has a high affinity for galactose
and that its activity can be nullified using galactose
affinity columns. This group and one another
reported a significant reduction inproteinuria
after administration of galactose along withother
therapeutics.'*% A clinical trial (NCT00098020)
is recruiting patients to treat primary FSGS in
native kidney with galactose. Galactose has an
excellent safety profile and could be an interesting
therapeutic candidate.

It was perceived that posttransplantation
lymphoproliferative disease does not necessarily
mean loss of the graft. The 1999 European Dialysis
and Transplant Association Registry Report 31
retrieved 723 cases of transplantation for FSGS
with 152 graft failures (24%) at less than 15 years.
Floege,60 reviewing the literature, found a similar
estimate of 20% to 40% clinical recurrence rate of
FSGS with 10% to 20% graft loss rate within 5 to
10 years. Moreover, Fine? gave a consensus that
30% of patients with recurrent FSGS will lose
their grafts as a result of the pathological process.
Recent reviews are equally or more distrustful.
Higher incidence of recurrence (up to 50%) was
reported by Golgert and colleagues® among
paediatric and young adults’ patients with primary
FSGS. Similarly, Raafat and colleagues’ found a
recurrence incidence in children of 67% (16 of 24)
between 1991 and 2003. They added that the risk of
recurrence was more or less similar in collapsing
glomerulopathy compared to other histological
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subsets. The recurrence rate after failure of a first
graft may reach 80%.

Recurrent FSGS remains a major unsolved
problem for nephrologists. Plasmapheresis, in order
to remove a circulating factor possibly responsible
for the primary disorder, in addition to increased
maintenance immunosuppression provides some
success for preserving the survival of the grafted
kidney. However, such therapies do not explain the
mechanism of disease but make it more complicated.

None declared.
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