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Abstract

The prevalence of diabetes worldwide has extended epidemic magnitudes and is expected to affect more than 350 million
people by the year 2035.Diabetic Nephropathy (DN) is the most prevalent chronic kidney disease and is the major cause of
End-Stage Renal Disease (ESRD) worldwide. This is predominantly due to the growing incidence of type 2 diabetes
assocaited with obesity.Albuminuria has several confounding issues associated with it such as exercise, urinary tract
infection, acute illness and cardiac failure. Furthermore,it has been reported to occur in the urine of non-diabetic subjects,
indicating the non-specificty of albuminuria for accurate prediction of diabetic kidneydisorder.Nephrin is a 180 KD
transmembrane protein expressed in glomerular podocytes. It was first identified in children with congenital nephrotic
syndrome of the Finnish type.Nephrin biomarker can be used as predictoir for early diagnosis of nephropathy in diabetics
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Introduction

Congenital nephrotic syndrome of the Finnish type (NPHSL1) is an autosomal recessively inherited disorder that is
characterized in utero by fetal hydrops. It also presents as nephrotic syndrome in neonates, a progressive disease that leads to
massive proteinuria and death during the first two years (1).

This condition was first reported in the Finnish population, but it has subsequently been recognized to occur elsewhere.
Specifically, by using linkage analysis in a cohort of 17 Finnish families, the genetic locus for this disorder was mapped to
19g12-g13. The NPHS1 (Nephrosis 1, congenital, Finnish type) gene product Nephrin was subsequently identified as a 180
KD transmembrane protein expressed in glomerular podocytes. Nephrin has also been detected in the pancreas, brain, spinal
cord and lymphoid tissues (2).

I- Discovery of the NPHSL1 gene:

A gene search was initiated in 1989 among Finnish families due to the high frequency of CNF in Finland. The candidate gene
approach was unfeasible at that time because there were no known basement membrane genes that were localized to the
critical region 19g13.1. Positional cloning was the alternative approach and after years of combing the chromosomal region
19913.1, the group finally pinned down the NPHS1gene in 1998. A milestone in glomerular research was the cloning of
nephrin by the Tryggvason group in 1998 together with its localization to the slit diaphragm of podocytes. Nephrin is a
critical structural component of the slit membrane and bridges the distance between interdigitating podocyte foot processes
(3).
I- Structure of the NPHS1 gene:

NPHS1has a size of 26,466 bp and contains 29 exons with sizes ranging from 25 to 216 bp and was localized to chromosome
19913.1. The gene product, NPHS1, is a transmembrane protein that contains eight immunoglobulin (Ig) C2-like motifs. The
first exon codes for the signal peptide, and exons 2-21 codes for the region containing the Ig domains. A fibronectin type I11-
like (Fnlll) domain is encoded by exons 22-23 while exon 24 codes for the helical transmembrane domain. Exons 25-29
encode the intracellular domain and 3 ‘untranslated region (UTR) (4).
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II- Nephrin structure:

Nephrin is a putative member of the large Ig-like superfamily which comprises cell surface and soluble proteins that are
involved in the recognition, binding or adhesion processes of cells. It is a type 1 single pass membrane protein of 1241 amino
acid residues with a theoretical molecular weight of about 137 kDa but an apparent molecular weight of

180 kDa on Western blot. Nephrin is composed of an extracellular domain with eight distal 1g-like domains and one proximal
Fnlll domain, a short helical transmembrane domain and an intracellular domain. A major splice variant of nephrin called
NPHS1-a has an identical sequence with nephrin apart from a missing exon 24 which encodes the helical transmembrane
portion of nephrin. Both humans and mice lacking nephrin are born without typical slit diaphragms and exhibit severe
podocyte abnormalities and massive proteinuria already in utero (5).
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Figure (1): Nephrin structure (5)

I- Nephriuria and podocytopathies:

Nephrin forms an integral part of podocytes, which (together with endothelial cells and the basement) formthe glomerular
filtration barrier. The filtrationbarrier consists of a basement membrane,aglomerularendothelial cell monolayer, and a
podocyte monolayeron the urinary side (6).

Podocytes have four mainfunctions, which all depend on their unique and specializedarchitecture. These functions are the
regulation of glomerularpermeability selectivity, provision of structural supportfor the glomerular capillary, remodeling of
the glomerularbasement membrane (GBM), and endocytosis of filteredproteins. Podocytes can become injured in human
andexperimental glomerular diseases and conditions that causepodocyte injuries; these are collectively known as
podocytopathies (7). Pollak (8)proposed the concept ofinherited podocytopathies

The common feature in minimal change disease (MCD), membranous glomerulopathy, crescentic glomerulonephritis,
collapsing glomerulopathy, focal segmental glomerulosclerosis (FSGS), diabetic nephropathy, and lupus nephritis is through
podocyte damage and dysfunction.Early events in the damaged podocyte are alterations of the slit diaphragm, reorganization
of the foot process structure with the fusion of filtration slits, and apical displacement. These preliminary changes may not be
visible under an optical microscope, necessitating the use of electron microscopy. Early podocyte structural change is
characterized by detachment of podocytes from the glomerular basement membrane. These changes can lead to severe and
progressive glomerular injuries, if the condition persists. Hence, early recognition of any podocyte injury is of clinical
importance (9).
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11-Nephrin measurement:

The most commonly used method for urinary nephrin measurement was with the commercially available ELISA kit(10). The
amount of podocyturia was also measured using urinary flow cytometry. Other methods included messenger ribonucleic acid
realtime polymerase chain reaction (MRNA RT-PCR) and electrophoresis (11).
Neprin measurement using a commercially available ELISA kit has increasingly becoming the method of choice for studies
conducted since 2012(12).

I- Human studies:
Urinary nephrin measurements were carried out in 3 clinical conditions: diabetic nephropathy, nephrosis (including Lupus
nephritis) and preeclampsia (13). Wang et al. (14) carried out a study to investigate the gene expression of podocyte-
associated molecules in the urinary sediment of 21 patients with diabetic nephropathy and 9 healthy controls. They found that
urinary nephrin levels (measured by mRNA expression) correlated with proteinuria but not with eGFR. Nephrinuria was
greater in diabetics with nephropathy, and the investigators concluded that nephrin measurement could play a role in clinical
stratification of the patients’ diabetic nephropathy.
Do Nascimento et al. (11)used mMRNA RT-PCR to measure urine nephrin in a cohort of 15 controls and 67 diabetics. The
study subjects were assigned to 3 different groups: normoalbuminuria (NO) (<30 mg/g creatinine); microalbuminuria (MI)
(30-300 mg/g creatinine); and macroalbuminuria (MA) (>300 mg/g creatinine). They found that urine nephrin was higher in
diabetics than in non-diabetics and correlated with increasing albuminuria. Nephrinuria was found in 53%, 71%, and 90% of
NO, MI and MA diabetes subjects, respectively. They concluded that diabetic subjects had elevated urinary mRNA levels of
podocytes protein such as nephrin compared to non- diabetic subjects, even the NO patients.
In another study, Patariet al. (15) demonstrated the presence of nephrin fragments using immunohistochemistry and western
blotting techniques in the urine of type 1 diabetics with or without nephropathy. The study consisted of five cohorts of
patients: diabetic patients with normal albuminuria; diabetics with microalbuminuria; diabetics who had developed
microalbuminuria recently; diabetics with macroalbuminuria; and a control group consisting of healthy adults. Micro-
albuminuria was defined as a 24-h urinary albumin excretion rate (AER) of 30—300 mg in two of three consecutive 24-h urine
collections; macroalbuminuria as an AER of 300 mg/24 h; and normoalbuminuria as a persistent AER of 30 mg/24 h. They
found that nephrinuria was present in 30% of normoalbuminuric, 17% of microalbuminuric, 28% of macroalbuminuric, and
28% of new microalbuminuric patients; however, none of the control subjects were nephrinuric. They concluded that the
glomerular filtration barrier may already be compromised in onethird of diabetic patients with nephrinuria.
Jim et al. (10)investigated whether the detection of nephrin in urine can be used as an early biomarker of diabetic
nephropathy. Firstly, renal histopathology in a group of 15 patients with type 2 diabetes was compared for the protein
expression of nephrin with a group of 12 control patients. They showed the statistically significant down-regulation of
podocin and nephrin in kidney biopsies for diabetic nephropathy. Further, analysis of the study group, based on the amount of
albumin in urine, detected nephrinuria in 100% of diabetic patients with micro- and macroalbuminuria and in 54% of patients
with normoalbuminuria. Nephrinuria correlated with albuminuria and systolic blood pressure. It also correlated negatively
with serum albumin and eGFR. They concluded that nephrinuria is a reliable biomarker of preclinical diabetic nephropathy.
Nephrin and Diabetic Nephropathy

Many kidney diseases entail renal failure or proteinuria.Proteinuria (microalbuminuria), is not only a biomarker for early
diagnosis of diabetic nephropathy, but also a damaging factor to kidney, dysfunction of glomerular filtration barrier is related
to the excretion of proteinuria, while nephrin plays an important role to maintain normal function of glomerular filtration
barrier. Heavy proteinuriaresults in the nephrotic syndrome. The molecularprocesses underlying glomerular diseases with
proteinuriaare not fully understood, although increasingevidence suggests a key role for podocytes in permeabilitychanges at
the glomerular filtration barrier (16).

The glomerular filtration barrier is formed of three layers: the podocyte, the glomerular basement membrane (GBM) and the
endothelium. The podocyte foot processes are connected just above the GBM by a special structure known as the slit
diaphragm. This structure bridges the filtration pores between adjacent podocytic foot processes. Based on experimental
animal models and some human data, it was for a long time believed that defects in the GBM were responsible for proteinuria
(7).

However, Wang et al. (14)investigated the direct role of the slit diaphragm in the pathogenesis of proteinuria. They
suggested that the slit diaphragm is important for the maintenance of the glomerular filter. Nephrin is a major protein in the
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podocyte slit diaphragm. That it has a crucial role inmaintaining the glomerular filter is suggested by thecharacteristicnephrin
mutations in NPHS1 patients,and the remarkable down-regulation of nephrinmRNAexpression in experimental animal
models.

Congenital nephrotic syndrome of the Finnish type (NPHS1) is an autosomal recessive disorder characterized by massive
proteinuria beginning in utero. Mutations in the NPHS1 gene were identified as responsible for NPHS1. NPHS1 is a
discovered 29-exon gene that codes for nephrin, a cell adhesion protein that is expressed on podocytes and localized at the
slit diaphragm (18).

Experimental animal models of glomerulonephritis have shown a correlation between the alteration of nephrin expression
and proteinuria. Therefore, the expression of nephrin has been studied in certain acquired kidney diseases (19).
Pettersson-Fernholm et al. (20)elucidated whether any of the common polymorphisms in the coding region of the nephrin
gene is associated with diabetic nephropathy or its progression in type 1 diabetic patients. They did not support an
involvement of the polymorphisms in the coding region of the nephrin gene in the pathogenesis of diabetic nephropathy in
type 1 diabetic patients.

Toyoda et al. (17) examined the expression of nephrin mMRNA in the kidneys of type 2 diabetics with DN. They used human
renal tissue samples from patients with DN to demonstrate nephrin mRNA expression by DIG-labelled in situ hybridization.
MRNA expression decreased with the progression of renal injury and inversely correlated with the extent of proteinuria. They
suggested that in human DN, a decrease in nephrin mRNA expression may be closely linked to the development or
progression of proteinuria, or to both.

Moon et al. (21) supported the use of nephrinuria as an early biomarker for diabetic nephropathy.It can be hypothesized that
nephrin being a part of filteration diaphragm is likely to be excreted first in case of damage to filteration barrier. In early type
2 diabetes, low levels of nephrin can be detected although other currently used markers like albumin are not detected. As the
disease progresses nephrin levels increases along with increase in albumin levels indicating considerable damage to
thepodocytes and filtration barrier. At this stage, considerable damage has already been done and therefore this further on
leads to chronic renal failure. Large amount of nephrin and albumin are excreted in urine along with increased levels of urea
and creatinine in blood. Early detection of nephrin might help in early diagnoses and window of time for earlier treatment in
diabetic patients to slow or stop the progression of diabetic nephropathy.
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Figure (2): Progressive destruction of Podocyte due to diabetes leading to chronic renal failure(21)
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Jim et al. (10) indicated that urinary nephrin is excreted in 100% of diabetics with microalbuminuria and 100% of diabetics
with macroalbuminuria, as well as in 54% of diabetic patients with normoalbuminuria.Shahid et al. (22) evaluated the
efficiency and reliability of nephrin for an early biomarker of kidney damage in diabetic patients. The increase in Nephrin
levels from 0.86pg/ml in patients with normal albuminuria to 47.6 pg/ml in patients with macroalbuminuria suggests that
Nephrin precedes albumin in urine predicting early signs of kidney damage. Nephrin biomarker can be used as predictor for
early diagnosis of Nephropathy in diabetics
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