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Abstract

A glomerulus is the network of capillaries that resides in the Bowman’s capsule that functions as a
filtration unit of kidney. The glomerular function ensures that essential plasma proteins are retained in
blood and the filtrate is passed on as urine. The glomerular filtration assembly is composed of three
main cellular barriers that are critical for the ultrafiltration process, the fenestrated endothelium,
glomerular basement membrane and highly specialized podocytes. The podocytes along with their
specialized junctions “slit diaphragm” form the basic backbone of this filtration assembly. The presence
of high amounts of protein in urine a condition commonly referred as proteinuria indicates a defective
glomerular filtration barrier. Various glomerular disorders including Nephrotic syndrome are
characterized by significant alteration in the structure of podocytes that is associated with prolonged
increase in the glomerular permeability leading to heavy proteinuria. Recent identification of proteins
that are specifically localized at the slit diaphragm whose mutations and knockouts are known to result
in loss of renal function has significantly advanced our understanding of the molecular makeup of this
filtration assembly. The present review is an effort to summarize the recent developments in this field
and highlight our understanding of the glomerular filtration barrier assembly.
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Introduction (Faul, et al., 2007). This three-layered structure
(endothelium, GBM, and podocytes) facilitates
the flow of plasma water and small solutes
while restricts the flow of large plasma proteins
such as albumin (Figure 1). The presence of high
amounts of albumin in the urine indicates a
defect in either one or all of the layers of
glomerular filtration barrier.

The kidney glomerulus is a very specialized
structure that functions in filtering blood and
retaining essential plasma proteins. The
glomerular filter is composed of three major cell
types which perform a collective function of
selective ultrafiltration of the blood plasma: the
fenestrated endothelium, the intervening
glomerular basement membrane and the
epithelial podocytes (Brenner, et al., 1978,
Rennke Venkatachalam. 1979). The glomerular
basement membrane (GBM) provides the
primary structural support for the glomerular
tuft that contains glomerular capillary.
Endothelial and smooth muscle-like mesangial
cells providing capillary support and are located
inside the GBM, whereas podocytes are
attached on the outer surface of the GBM

Glomerular Endothelial cells

Endothelial cells (EC) line the inner surface of
entire vascular tree and form an anticoagulant
barrier between blood and tissues. A major
morphological characteristic of the glomerular
endothelial cells (GEnC) are fenestrations that
appear as transcytoplasmic holes (Satchell
Braet. 2009) . There are other endothelial cells
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that posses these tanscytoplasmic holes like
glomerular endothelium that have a unique
assemblage structural features such as absence
of the diaphragm and retention of the basal
lamina. These cells play an important
physiological role involving filtration of blood in
the glomerulus (Satchell Braet. 2009). The
systemic endothelium forms a lining of all blood
vessels and represents the principal regulator of
vascular  permeability. Three types of
endothelium have been reported that include
continuous (without fenestration), fenestrated
and discontinuous (Risau. 1998). Fenestrations
are observed as transcellular holes round or
ovoid through the most attenuated part of the
EnC cytoplasm. These cells are localized in the
organ where high amounts of exchange are
required between the intra and extra-vascular
compartments. Endothelial fenestrations are
categorized into three types according to type
of endothelium and presence or absence of the
diaphragm. The first and most common type is
found in organs such as endocrine tissues,
gastrointestinal mucosa and renal peritubular
capillaries (Satchell Braet. 2009). These
endothelial cells are characterized by the
fenestration size of 60-70nm in diameter and
presence of protein “plasmalemmal vesicle-
associated protein-1” (PV-1 or PLVAP), a type I
transmembrane glycoprotein that is an integral
part of this diaphragm (Satchell Braet. 2009,
Stan, et al., 2004, Stan, et al., 1999). The second
type of fenestration in endothelial cells are
discontinuous that lack the basal lamina and are
found mainly in spleen, bone marrow and liver
endothelial. These endothelial cells do not
posses diaphragm and also lack PV-1 in in-vivo.
Fenestration size in different cells varies from
100-170nm (Satchell Braet. 2009, Braet, et al.,
1994). The third type of fenestrations (60-
80nm) are similar to the first type, however, like
the second type they also do not posses
diaphragm and lack PV-1. The fenestrations are
mainly concentrated toward the peripheral
cytoplasm and arranged in a cluster of sieves
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separated by the ridges of cytoplasm. GEnC
fenestrations are thus localized in the region of
cytoplasm that is opposite to podocytes foot
processes and filtration slit across the basement
membrane (Satchell Braet. 2009, Vasmant, et
al., 1984). These cells also posses gelatinous
surface coat known as glycocalyx that is
composed of proteoglycans and sialoproteins
that, plays an important role in regulating
permeability as well as modifying ligand-
receptor and cellular interactions (Weinbaum,
et al.,, 2007). The specific composition of the
glycocalyx in the fenestration is important for
the permeability properties (Singh, et al.,
2007). Studies also suggest that the size of
glomerular EC fenestrate is much too large to
easily exclude albumin and other large proteins
from the glomerular filtrate. It is also suggested
that the glomerular capillary wall is not a
perfect barrier for macromolecules and it allows
the albumin to move across and tubular
reuptake of albumin allowing urine to remain
albumin free (Russo, et al., 2007, Obeidat
Ballermann. 2012). The biophysical model
indicates that glycocalyx contributes to about
50% of overall hydraulic resistance of
glomerular filtration barrier and any change in
the composition of glycocalyx possibly affects
GFR (Drumond Deen. 1994). There are several
disease-based and animal model studies
demonstrating significant amount of damage to
the glomerular endothelium (Chowdhury.
1996, Toyoda, et al.,, 2007). GEnC normal
development and fenestration is highly
dependent of VEGF and TGF B1 signaling and
inhibition of these growth factors leads to
glomerular endothelial re-differentiation
(Satchell Braet. 2009). Although the glomerular
endothelial cells have an important role in
glomerular filtration, it has not received
significant attention, primarily due to lack of a
direct evidence of its involvement in inducing
proteinuria or loss of glomerular filtration
function (Satchell Braet. 2009).



Ehtesham Arif and Deepak Nihalani

I( 1,

Urine
M =

: ) / \

,"/ \ / Caplllary space

Slit dxaphrang '

35

Podocyte

== Endothelial fenestration
Glycocalyx

Glomerular Basement Membrane

/ _[:oot process

v b .
| = @ = Mesangial cel

Figure 1: Schematic presentation of glomerular filtration barrier: Glomerular filtration barrier showing

three distinguished layers:
podocytes.

Glomerular Basement Membrane

The glomerular basement membrane (GBM)
represents the extracellular matrix component
of selectively permeable glomerular filtration
barrier that separates vasculature from urinary
space. The components that make up this
structure are actually synthesized by the
glomerular endothelial cells and the podocytes
cells (Miner. 2012). GBM like other basement
membranes is a sheet of extracellular matrix
that contains four major macromolecules:

Laminin is a ubiquitous basement membrane
component found in different isoform and
secreted as aPy heterotrimers and its structure
is stabilized by the intra-chain disulphide bonds.
Nomenclature of the hetrodimers are based
upon the specific afy chain composition such as
laminin a2B2yl is referred as laminin 221

Fenestrated endothelial

cells, glomerular basement membrane and

laminin, type IV collagen, nidogen, and heparin
sulphate proteoglycan such as agrin. GBM has
important physiological properties that restrict
the passage of plasma proteins such as albumin
into the wurinary space. The fenestrated
endothelium apparently allows the flow of
plasma through capillaries to reach GBM,
however, some evidences indicate that the
fenestrations are plugged by a glycocalyx-like
material that imparts barrier like properties
(Haraldsson Jeansson. 2009).

(Miner. 2012). In mature GBM mainly LM-521 is
the major constituent, whereas, the
developmental transition is observed in the
following fashion, LM-111 to LM-521 to LM-521.
Importantly the mutation of laminin B2 (Lamb2)
either in mice or humans results in the
development of congenital nephrotic syndrome
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with  variable ocular and neurological
manifestations, called as Pierson syndrome
(Matejas, et al., 2010, Noakes, et al., 1995).
Studies suggest that reduced LM-521 leads to
the improper permselective GBM that
ultimately results in leakage of albumin across
the glomerular filtration barrier (Jarad, et al.,
2006). Recently Lamb2(-/-) mouse model of the
Pierson syndrome, was rescued by over-
expression of laminin Bl in podocytes and
correlated with high amount of deposition of
LM511 in the GBM (Suh, et al., 2011).

The second constituent of the GBM is type IV
collagen, which like other collagens is a trimeric
extracellular matrix protein that consists of Gly-
X-Y amino acid triplet repeats. Three a chains
wrap around one another to form the collagen
triple helix. There are six different a chains that
interact with each other in specific
stoichiometries to forms the network forming
blocks called protomers such as (al)2a2,
a3a4a5, and (a5)206 protomers. The (al)202 is
mainly expressed during the glomerular
development. Mutations encoding the collagen
IVa3,a4, ora5 chains leads to the defects in the
GBM and the severity of phenotype depends on
the specific mutation. The homozygous
mutations in COL4A3 or COL4A4 genes, (which
encode the a3 and a4 chains of type IV collagen
respectively) causes severe autosomal recessive
Alport syndrome, a basement membrane
disease that leads to kidney failure associated
with deafness and ocular abnormalities. The X-
linked form of Alport syndrome which is caused
by mutations in COL4AS5 also shares similar
glomerular histopathology (Miner. 2012,
Gubler. 2008). Importantly, the complete
absence of a3ad4a5(lV) network due to total
lack of one of these chains, is expected to cause
more severe GBM abnormalities. It has been
investigated that as compared to the (al)2a2
network the oa3ad4a5(lV) network is more
resistant to proteases and highly cross linked,
providing greater stability for the GBM
architecture (Miner. 2012, Gubler. 2008).

The third constituent of GBM is nidogen
proteins, which exists in two forms nidogen-1
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and nidogen-2. It is a dumbbell-shaped
ubiquitous basement membrane proteins has
been known to link the laminin and collagen IV
and therefore plays an important role in the
formation of GBM (Fox, et al.,, 1991). The
individual mutants of nidogen-1 and nidgen-2
does not show any mortality and the structure
and function of basement membranes also
remain unaffected (Murshed, et al., 2000,
Schymeinsky, et al., 2002), whereas, combined
deletion of both the genes leads to prenatal
death in mice but interestingly, the basement
membrane remains normal (Bader, et al,,
2005). Agrin (heparan sulfate proteoglycan) is
the fourth GBM constituent, which has multiple
splice forms, of which, one secreted form is
present in the GBM. Agrin is highly negatively
charged due to the presence of sulfated
glycosaminoglycan (GAG) side chains that
ultimately provide a net negative charge on
GBM (Kanwar, et al., 2007). The net negative
charge of GBM is crucial component of
glomerular capillary wall filtration barrier to
plasma albumin which is also a negatively
charged and repelled by the GBM. Therefore
the smaller size and positively charged
molecules, cross the filtration barrier more
rapidly than neutral molecules, that in turn
cross faster than the negative ones (Bohrer, et
al., 1978). Concept of charge selectivity has
recently been investigated with conflicting
findings. Podocytes specific knockdown of argin
leads to reduction in GBM anionic charge with
no effect on the glomerular filtration barrier
(Harvey, et al., 2007). GBM anionic charge
reduction in vivo by infusion of heparanase,
which removes heparin sulfate side chains from
proteoglycans, does not lead to proteinuria
(van den Hoven, et al., 2008). Overall the
structural composition of GBM plays important
role in the development and maintenance of
glomerular filtration barrier.

Podocytes

Podocytes are highly specialized epithelial cells
of glomerulus and contain complex cellular
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organization that surrounds the outside of
glomerular capillaries facing the Bowman’s
capsule and the primary urine. Podocytes have
a large central cell body from which primary
processes are projected towards the glomerular
capillaries and eventually divided into
numerous foot processes which rest on the
glomerular basement membrane (Haraldsson,
et al., 2008, Marshall. 2007, Pavenstadt, et al.,
2003). Podocytes are polarized epithelial cells
with apical or Iluminal and a basal cell
membrane domain. The basal membrane,
which contains the soles of foot processes, is
affixed to the GBM. The apical membrane
consists of the sialoglycoproteins such as
podoclyxin, podoendin etc that make the
surface negatively charged (Huang Langlois.
1985). Both apical and basal membranes are
heterogeneous in nature with respect to their
lipid composition. (Schwarz, et al., 2001). Foot
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processes from the different cell bodies
interdigitate and space between adjacent foot
processes is connected via a thin membranous
structure that is 40nm wide commonly known
as the filtration slit or slit-diaphragm
(Pavenstadt, et al., 2003, Tryggvason, et al.,
2006). Over the last decade several proteins
have been identified that are localized at the slit
diaphragm and play a critical role in the
maintenance of podocytes structure and
function (Marshall. 2007, Pavenstadt, et al.,
2003, Tryggvason, et al., 2006). Several of these
proteins are transmembrane proteins that link
the slit diaphragm with the actin cytoskeleton
of podocytes and therefore participate in the
signaling events that regulate the overall
structure and function of podocytes (Figure 2)
(Tryggvason, et al., 2006, Tryggvason, et al.,
2006).

Podocyte

Cadherin '.‘

ephrin

Glomerular Basement Membrane a3

Figure 2: Schematic presentation of slit diaphragm proteins: Structural component proteins involved in

the formation of glomerular slit diaphragm.
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Actin Cytoskeleton

The actin cytoskeleton forms the structural
framework of podocytes and contributes
towards the unique morphology and ultimately
its function. It is categorized into two groups,
the longitudinal actin microfilaments and the
meshwork of actin filaments beneath the cell
membrane. The podocytes contain three
morphologically and functionally different
segments: a cell body, major processes and foot
processes (FPs). Major processes arise from the
cell body and split into foot processes. In the
major processes, the cytoskeleton is composed
of mainly microtubules. These organizations of
longitudinal microfilaments in the foot process
and the microtubules in the primary process
have several functions that include providing
structural support to the cell, contraction and
expansion ability of the cells, anchoring to the
intracellular molecules. The foot processes also
contain actin based cytoskeleton which is
associated with GBM in focal contact. The foot
processes are characterized by cortical network
of short branched actin filaments and the
presence of highly ordered parallel, contractile
actin filament bundles, which are thought to
modulate the permeability of the filtration
barrier through changes in foot process
morphology (Faul, et al., 2007, Marshall. 2007,
Drenckhahn Franke. 1988). Beside that they are
also involved in the cell signaling and
transportation of the molecules from the foot
processes to the cell body. The other part of the
actin cytoskeleton is the sublemmenal actin
meshwork. This provides anchorage for
transmembrane proteins and is important for
transmembrane signaling. Actin associated
proteins such as actinin-4 and synaptopodin
play important roles to regulate the dynamics of
actin cytoskeleton. a-Actinin-4 is an actin
filament cross linking protein that co-localizes
with actin in podocytes. Mutations in a-actinin
4 leads to the development of proteinuria in
humans (Smoyer, et al., 1997). In addition,
knock down or over-expression of a -actinin 4 in
mice leads to the proteinuria and foot process
effacement (Kos, et al., 2003, Michaud, et al.,
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2003). Synaptopodin is another actin associated
protein that modulates the expression of a-
actinin, by elongating the a-actinin induced
actin filaments. Recent study suggest the
importance  of  synaptopodin in  the
maintenance of podocyte structure and
function, where the podocyte effacement
induced by protamin sulphate was rescued by
heparin in wild-type mice, but not in the
synpatopodin-null mice  (Asanuma, et al.,
2005).

Slit-diaphragm and transmembrane proteins

The slit diaphragm of a podocyte s
extracellularly placed where it bridges the gap
between two adjacent foot processes. It is
freely permeable to water and small solutes but
is believed to form a size selectivity barrier for
the passage of larger molecules (Schurer, et al.,
1980, Schnabel, et al., 1990). The podocyte
proteins (nephrin, NEPH1, podocin, zona
occludens-1 (ZO-1), CD2 adaptor protein
(CD2AP), FAT and P-cadherin etc) that
contribute towards the structural framework of
slit  diaphragm are essential for the
maintenance of glomerular filtration function.
These proteins form a signaling network that
connects the diaphragm to intracellular actin
cytoskeleton, and participate in signaling that
regulates podocytes structure and function
(Tryggvason, et al., 2006, Verma, et al., 2006,
Shih, et al, 2001). Importantly, genetic
mutations in humans and inactivation of these
genes in mouse models have shown to result in
massive proteinuria leading to renal failure and
death (Haraldsson Jeansson. 2009, Pavenstadt,
et al., 2003, Tryggvason, et al., 2006).

Nephrin is the central component of the
glomerular ultra filter expressed primarily in
podocytes as a transmembrane protein. It has a
short intracellular domain, a transmembrane
domain, an extracellular domain with eight
distal 1gG-like motifs and one proximal
fibronectin type lli-like motif (Tryggvason, et
al., 2006, Verma, et al., 2006). It has been
shown biochemically that nephrin molecules
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interact with one another in a homophilic
fashion (Tryggvason, et al., 2006). The length of
nephrin extracellular domain is about 35 nm
and nephrin molecules from adjacent foot
processes are thought to interact in the trans
fashion to form the basic framework of slit
diaphragm, thus forming a porous molecular
sieve (Haraldsson, et al., 2008, Tryggvason, et
al., 2006). The intracellular domain of nephrin
has been shown to associate with actin
cytoskeleton and linked with adapter proteins
such as CD2-associated protein, Nck proteins
etc. The intracellular domain of Nephrin has
several potential tyrosine phosphorylation sites,
some of which provide a docking site for SH2
domain-containing  kinases and adaptor
proteins (Putaala, et al.,, 2000). Recent
investigation highlight that nephrin tyrosine
phosphorylation regulates podocyte cell
morphology via Nck adaptor proteins (Verma,
et al., 2006, Jones, et al., 2006). The adaptor
protein super family Nck has two members;
Nckl and Nck2 and both are associated with the
regulation of actin dynamics. Both proteins
have one SH2 and three SH3 domains. The SH2
domain interacts with phosphotyrosines and
therefore, recruits Nck, whereas the SH3
domain recruits several other proteins involved
in the regulation of the actin cytoskeleton
(Patrakka Tryggvason. 2007). Nephrin was
shown to transiently phosphorylate in a
proteinuria model during foot process
effacement, as well as during glomerular
development when podocyte foot processes are
formed. This  suggests that nephrin
phosphorylation increases during rapid actin
polymerization and cytoskeletal reorganization
events leading to the recruitment of Nck and its
downstream effectors at the cytoplasmic region
of nephrin (Verma, et al.,, 2006, Patrakka
Tryggvason. 2007). Several biochemical and
genetic experiments have confirmed the
significance of Nephrin in maintaining the
structural integrity of slit diaphragm and
glomerular filtration function (Putaala, et al.,
2000, Kestila, et al., 1998). Moreover, in
humans mutations in nephrin has been shown
to result in congenital nephrotic syndrome, a
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genetic condition characterized by massive
proteinuria with loss of kidney function
(Putaala, et al., 2000, Kestila, et al., 1998).

CD2-associated protein (CD2AP) is another
intracellular protein that is localized in
podocytes where it can interact with the C-
terminal domain of nephrin (Shih, et al., 2001).
CD2AP has been shown to act as a linker
between cell-membrane receptors and actin-
modifying proteins (Barletta, et al., 2003) and
therefore, CD2AP may be involved in
connecting nephrin to the actin cytoskeleton in
podocytes. It is suggested that Nephrin
interaction with CD2AP might be important in
the steady state situation, where as Nck-
Nephrin interaction may play a role in
cytoplasmic reorganization that takes place
during injury to the glomerulus (Patrakka
Tryggvason. 2007). In addition, the N-terminal
domain of CD2AP binds to an intermediary
protein, p85 and facilitates nephrin-induced
AKT signaling which protects podocytes from
apoptosis (Huber, et al, 2003).
Phosphorylation of tyrosine in the cytoplasmic
tail of Nephrin by Src family kinase (Src is a
tyrosine kinase with a critical role in cell
signaling) initiates a signaling cascade that
promotes antiapoptotic signals (Huber, et al.,
2003). The significance of Fyn-dependent
phosphorylation of nephrin (Fyn is a member of
the Src family of protein tyrosine kinases) is
highlighted by the fact that proteinuria and
podocyte effacement develop in mice where
Fyn kinase was genetically deleted (Verma, et
al., 2003).

Nephl is another transmembrane protein
structurally related to Nephrin with five
extracellular 1gG-like motifs. The Neph family of
transmembrane  proteins contains three
homologues (Nephl, Neph2, and Neph3, also
termed filtrin that are widely expressed in
mammalian tissues (Sellin, et al., 2003, Ihalmo,
et al., 2003). Neph1 and Neph2 are located in
the slit diaphragm and the in vitro data suggests
that Nephrin can form heterodimers with
Nephl or Neph2 through their extracellular



40

domains, but that Nephl and Neph2 do not
interact with each other (Gerke, et al., 2003).
Nephl has been widely studied for its role in
podocyte maintenance (Garg, et al., 2007, Liu,
et al.,, 2003, Wagner, et al., 2008). Similar to
Nephrin, Neph1 and its interaction with nephrin
has been investigated for their role in signaling
(Garg, et al., 2007, Wagner, et al., 2008, Harita,
et al., 2008). Mice deficient in Nephl were
shown to develop proteinuria (Donoviel, et al.,
2001) and renal failure but the functional
significance of Neph2 and Neph3 are not clear..

FAT1 and FAT2 are large transmembrane
proteins containing 34 tandem cadherin-like
repeats and are localized at the slit diaphragm
in podocytes (Inoue, et al., 2001). Although the
FAT1 and FAT2 deficient mice display
proteinuria, their exact role in podocyte biology
is not well understood (Tryggvason, et al.,
2006, Ciani, et al., 2003). Podocin is a 42-kDa
hairpin-like integral membrane protein encoded
by NPHS2 gene and similar to nephrin and
Nephl is localized at the slit diaphragm in
podocytes However, unlike nephrin and Nephl
its N and C-terminal ends are directed into the
intracellular space, at the podocyte cell
membrane (Boute, et al., 2000, Roselli, et al.,
2002). It has been proposed to serve as a
scaffolding protein and contributes towards the
structural organization of slit diaphragm.
Podocin interacts with the intracellular domains
of nephrin and Neph1 and with CD2-associated
protein (CD2AP) (Schwarz, et al., 2001, Sellin, et
al., 2003). The podocin-knockout mice develop
severe proteinuria and die within few days of
birth (Roselli, et al., 2002)

Recent identification of the members of the
myosin superfamily that bind actin and function
primarily as molecular motors has also been
implicated as key players in the maintenance of
podocyte morphology and function. Among the
unconventional myosin motors, Myole was the
first myosin identified to play a role in the
podocyte development. The analysis of genetic
mutations in humans and Myole mice knockout
models demonstrate the significance of Myole
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in podocyte biology, where loss of Myolc
specifically in podocytes induces podocyte
effacement and proteinuria (Krendel, et al.,
2009, Chase, et al., 2012). Studies also suggest
that Myole plays a critical role in the
endocytosis of slit diaphragm proteins;
however, more detailed studies are required to
investigate the mechanisms involved in the
trafficking of podocyte proteins and how that
regulates the development and function of
podocytes (Mele, et al., 2011). Myh9 is another
non-muscle myosin that has gained much
attention due to multiple reports that identify a
direct linkage of mutations in this gene with
kidney disorders (Pecci, et al., 2008, Sekine, et
al., 2010). Human studies as well as animal
knockdown models of Myh9 genes
demonstrated focal segment glomerulosclerosis
like symptoms (Johnstone, et al., 2011, Zhang,
et al., 2012). In addition, a recent knockdown of
Myh9 gene was shown to induce podocyte
effacement and loss of slit diaphragm in a
Zebrafish model system (Muller, et al., 2011).
Another unconventional myosin that was
recently characterized as a slit diaphragm
protein is Myolc that belongs to the myosin |
family and was identified as an interacting
partner of slit-diaphragm proteins Nephrin and
Nephl (Arif, et al., 2011). Further biochemical
studies suggest that Myolc is involved in the
translocation of Nephl and Nephrin from the
cytoplasmic region to the podocyte cell
membrane (Arif, et al., 2011). The development
of Myolc mouse models where Myolc is
selectively deleted from podocytes will provide
further understanding of the in-vivo significance
of Myolc in podocytes biology.

In addition to the above mentioned proteins,
various other junctional adhesion and
scaffolding proteins that are present in
podocytes and contribute towards the
structural integrity of slit diaphragm have been
identified through affinity pull-down
experiments using Nephrin as bait. These
proteins include IQGAP1 (IQ motif-containing
GTPase-activating protein 1), MAGI-2
(membrane-associated guanylate kinase
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inverted 2), CASK (calcium/calmodulin-
dependent serine protein kinase), a-actinin, all
spectrin, Bll spectrin, catenins, ZO-1, MAGI-1,
densin and many more (Patrakka Tryggvason.
2007). There are several laboratories around
the world that are actively involved in genetic
analysis including high throughput genome
sequencing that has discovered several gene
candidates including Apolipoprotein L1 (APOL1)
that was recently shown to associate with the
development of FSGS (focal and segmental
glomerulosclerosis) in humans (Fine, et al.,
2012, Tzur, et al., 2010). Identification of novel
genes as well understanding their role in the
maintenance of glomerular filtration function
will significantly progress our understanding of
the glomerular diseases and provide a platform
for the development of new therapeutic
targets.

Conclusion

The kidney glomerulus functions by retaining
the essential plasma proteins from blood and
ensures selective ultrafiltration. It has three
major components, a fenestrated endothelium,
GBM and podocytes and collectively they form
the glomerular filtration assembly. Recent
studies have identified podocytes as the critical
component of this assembly whose dysfunction
is associated with proteinuria that s
characterized by the leakage of albumin into
urine leading to renal failure. Although a
number of proteins are constantly being
identified that are critical for podocyte function
and hence critical for the glomerular filtration
function, a lot need to be learned about the
mechanisms that regulate the maintenance of
podocytes and their specialized junctions “slit
diaphragm”.  Further understanding of the
events that lead to podocyte damage during
various glomerular disorders may provide novel
therapeutic targets that will aid in the
development of treatment for these deadly
diseases.
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