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ABSTRACT

Objective. To uncover the frequency and the spectrum of NPHS2 mutations in Egyptian children with non familial steroid-
resistant nephrotic syndrome (SRNS).

Methods. Sixteen patients were screened by PCR-single-strand conformation polymorphism analysis of NPHS2 gene followed
by direct sequencing.

Results. NPHS2 mutations were evident in four patients (25%) who were bearing four novel mutations including two frame
shift mutations (R238fs and P45fs) and two missense mutations (I136L and F216Y). There were no phenotypic or histological
characteristics of patients bearing NPHS2 mutations, apart from the earlier onset of the disease, compared to those who were
not bearing mutations.

Conclusion. NPHS2 mutations are prevalent in Egyptian children with non-familial SRNS and this may in part explain the less
favorable prognosis reported in these patients. [Indian J Pediatr 2008; 75 (2) : 135-138] E-mail : ashbakr@mans.edu.eg

Key words : Egyptian children; Nephrotic syndrome; Non familial; NPHS2 mutations; Steroid resistant

Steroid-resistant nephrotic syndrome (SRNS) represents a
heterogeneous group of kidney disorders that often are
resistant to additional immunosuppressive agents and
tend to progress to end-stage renal disease (ESRD). The
most prevalent histological findings associated with SRNS
in children are focal segmental glomerulosclerosis (FSGS),
diffuse mesangial proliferation (DMP), and infrequently
minimal change nephrotic syndrome (MCNS).

In the last few years, advances in molecular genetics of
familial SRNS have led to the discovery of specialized
molecules endowed in podocytes as responsible for
proteinuria. Podocin is one of these molecules. It is a 383-
amino acid protein, that is almost exclusively expressed in
glomerular podocytes. It is an integral membrane protein
linking the plasma membrane and the cytoskeleton.
Podocin is encoded by the gene NPHS2 that was
discovered and localized at 1q25 positional cloning in
2000.1

There is now growing evidence that mutations of
podocyte proteins go far behind familial cases and may
occur in sporadic SRNS. Many NPHS2 mutations have
been reported in non-familial SRNS.2-5 These studies point
to the inter-ethnic differences in the spectrum of NPHS2
mutations. Identification of NPHS2 mutations in non-
familial SRNS patients may enable clinicians to avoid
unnecessary steroid or other immunosuppressive
treatment in these patients and to provide prenatal
diagnosis for families at high risk.5

In this study, mutational analysis of NPHS2 gene was
performed in non-familial Egyptian children with SRNS
to determine the existence of NPHS2 mutations in these
patients.

MATERIALS AND METHODS

This cross-sectional study was performed on 16 Egyptian
children with SRNS. None of them had family history of
renal disease or parental consanguinity. Twenty four
unrelated Egyptian children with no history of renal
diseases or abnormal urinary finding, were studied as
controls. Nephrotic syndrome was diagnosed in the
presence of massive proteinuria (1g/m2/day) and
hypoalbuminemia (<2.5g/dL). Steroid resistance was
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defined as the lack of response to daily orally
administered prednisone treatment at 60mg/m2 for 1
month followed by three pulses of methylprednisone
(1g/m2/d). Patients were recruited conductively from
pediatric nephrology unit, Mansoura University
Children’s Hospital, Mansoura, Egypt. An informed
consent was obtained from parents. This study was
approved by the local ethical committee.

Detection of NPHS2 gene mutations by PCR-SSCP and
sequentional analysis

Genomic DNA was extracted from the whole blood
collected from patients using convention molecular
biology techniques with QIA amp DNA blood minikit for
DNA extraction (QIAGen Inc Chasworthey, CA, USA).
PCR was used to amplify exons 1,3,5,7 of NPHS2 gene by
using primers on the basis published in formations
regarding intron-exon boundaries.1 PCR primes are listed
in Table1. The amplified products were checked on 2%
agarose gel electrophoresis to show the size of each exon
through using of a DNA marker.

Single stranded conformational polymorphism (SSCP)
analysis was done by electrophoresis of PCR products on
10% polyacrylamide gel at 50 V overnight. Gels were
visualized by silver nitrate stain.6 Normal NPHS2 exon
products exhibit specific conformational pattern. A
mutant gene displays pattern with different
electrophoretic mobility or missing band. Variants seen
on the SSCP gel were directly sequenced by using ABI
prism 310 genetic analyzer version 2.0 (Applied Bio-
system-Foster City, CA, USA).

RESULTS

The age of patients under study at the onset of the disease
varied from 1 to 9 yr. Hypertension and microhematuria

were reported in 5 (31.3%) and 7 (43.8%) children,
respectively. None of the patients had evidence of renal
impairment at the onset of the disease. Renal biopsy
revealed FSGS in 13 (81.3%), MCNS in 2 (12.5%) and DMP
in 1 (6.3%). However, the first patient was biopsied twice
and the initial pathology was MCNS. At the time of the
study 4 patients (25%) have developed ESRD on regular
hemodialysis.

SSCP analysis detected abnormal electrophoretic
migration in exon 1 (patient no 5), exon 3 (patient no 3)
and in exon 5 (patient no 1,6,12). No abnormalities were
detected in exon 7.

Direct sequencing of the abnormal PCR products
showed different frame shift and missense  mutations in
4 patients (25%) while the transition in exon 3 did not
result in a change in the amino acid sequence. Apart from
the change in exon 3, all the changes were homozygous
(Table 2). None of these mutations were found in controls.
Two frame shift mutations were reported. The first (713-
714insG) was found in exon 5 (patients 1,6,12). Guanine
base inserted at position 713-714 resulted in frame shift in
codon 238 with arginine was the first affected amino acid
(R238fs). The other frame shift mutation (132-133insG)
was detected in exon 1 (patient 5). Guanine base was
inserted at position 132-133 producing frame shift in
codon 45 (P45fs) with proline was the first affected amino
acid. Two missense mutations were evident. The 556A>C
mutation was shown in exon 5 (patients 1,12). Adenine
was mutated to cytosine at position 556 leading to the
change of isoleucine to leucine (I186L). The other
missense mutation (647T>A) was present also in exon 5
(patient 6); thymine was mutated to adenine at position
647 resulting in the change of phenylalanine to tyrosine
(F216Y).

A silent change was noticed in exon 3 (patient 3);
adenine was mutated to thymine in position 408.
However, no change occurred in isoleucine in codon 136.

TABLE 1. Primers for DNA Sequence Analysis of NPHS2 Exons

Exon Forward Primer (5'-3') Reverse Primer (5'-3')

1 GCAGCGACTCCACAGGGACT TCAGTGGGTCTCGTGGGGAT
3 TTCTGGGAGTGATTTGAAAG TGAAGAAATTGGCAAGTCAG
5 CATAGGAAAGGAGCCCAAGA TTCAGGCATTGGCCATTA
7 CTAAATCAATGGCTGCACCACC TTCCTAAAGGGGCAGTCTGG

TABLE 2. Types of NPHS2 Mutations

Patient No. Exon Type of mutation Nt change AA change

1 5 Frame shift 713-714 insG R238fs
Missense 556A>C I186L

5 1 Frame shift 132-133 insG P45fs
6 5 Frame shift 713-714 insG R238fs

Missense 647T>A F216Y
12 5 Frame shift 713-714 insG R238Fs

Missense 556A>C I186L

Nt, nucleotide; AA, amino acid.
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DISCUSSION

In the present study it has been shown that one fourth of
the children with non-familial SRNS had NPHS2
mutations. To our knowledge this is the first report that
describes NPHS2 mutations in Egyptian children with
SRNS. However, NPHS2 mutation has been identified in
one consanguineous Egyptian family with autosomal
recessive SRNS.1

Although only four exons of NPHS2 gene were tested
due to financial reasons, four novel NPHS2 mutations
(R238fs, P45fs, I186L and F216Y) have been described in
the present study. The most prevalent mutation was
R238fs. The relevance of the silent mutation described in
patient no 3 is not clear as we did not have any functional
evidence for this change. All the reported mutations,
except P45fs, affected the carboxyl terminal of NPHS2
gene. The absence of these mutations in the control DNA
suggests that they are pathogenic. Moreover, podocin
associates via its carboxyl-terminal domain with CD2AP,
a cytoplasmic binding partner of nephrin, and with
nephrin itself, in vitro and in vivo.7 Huber et al8

demonstrated that nephrin is a signaling molecule that
stimulates mitogen-activated protein kinases and thus
podocin greatly enhances nephrin-induced signaling.
Collectively, podocin may serve in the structural
organization of the slit diaphragm and the regulation of
its filtration function via its carboxyl-terminal domain but
not via its amino-terminal domain. So structural defects at
the carboxyl terminal domain are usually associated with
functional derangement.

The frequency as well as the type of NPHS2 mutations
in non-familial SRNS vary from one study to another. No
mutations were found in Jewish SRNS children.5 Out of 18
Arab SRNS children from unrelated families, 6 (33%) were
bearing NPHS2 mutations.5 Özçakar et al4 reported NPHS2
mutations in only 4% of Turkish non-familial SRNS
children. NPHS2 mutations have been reported in 10-30%
of non-familial SRNS cases in Western countries. 1-3

More than 50 NPHS2 mutations have been reported in
both familial and non-familial SRNS. Reported mutations
involve the whole length of the gene and determine every
kind of alterations; including missense, nonsense, and
deletion. Published studies report different distributions
of mutations: R138Q was most frequently found in
Germany and France,2-3 while the P20L variant was
observed mainly in Turkey.4

These variations in the frequency and the type of
NPHS2 mutations among different populations may
partially explain the inter-ethnic difference in the
prevalence as well as the outcome of SRNS. We have
previously reported the unfavorable prognosis of our
patients with SRNS-FSGS.9

Although the number of patients reported in this study
was small with short duration of follow up, it was
observed that in patients bearing NPHS2 mutations the
disease started earlier, all of them had FSGS and none of
them developed ESRD. However, the other clinical
characteristics were comparable in patients with NPHS2
mutations and those without.

Age at onset of proteinuria was rather variable in
different reports describing patients bearing NPHS2
mutations in general occurring before the 10th year. A few
cases with congenital or very early SRNS were also
described.3 Weber et al3 report that R138Q appears to be
associated with early onset (12±3 months in 15 patients);
V180M and R238S are associated with late onset SRNS
(129±12 months in 7 patients). Caridi et al10 report that
renal pathology is not suggestive of an inherited condition
associated with NPHS2 mutations. This observation is in
fully agreement with the current idea on the lack of
correlation between renal alterations and clinical features.
Many researchers3,4,10 observe that non-familial SRNS
nephrotics bearing NPHS2 mutations usually develop
ESRD within the second decade of life 6-155 months after
the onset of proteinuria. Nevertheless, all the outpatients
were in the first decade of life.

CONCLUSION

In conclusion NPHS2 mutations are prevalent in Egyptian
children with non-familial SRNS and this may in part
explain the less favorable prognosis reported in these
patients.

REFERENCES

1. Boute N, Gribouval O, Roselli S, Benessy F, Lee H, Fuchshuber
A et al. NPHS2, encoding the glomerular protein podocin, is
mutated in autosomal recessive steroid-resistant nephrotic
syndrome. Nat Genet 2000; 24 : 349-354.

2. Ruf RG, Lichterberger A, Karle SM, Hass JP, Anacleto FE,
Schultheiss M et al. Patients with mutations in NPHS2
(podocin) do not respond to standard steroid treatment of NS.
J Am Soc Nephrol 2004; 15 : 722-732.

3. Weber S, Gridouval O, Esquivel EL, Moriniere V, Tete MJ,
Legendre C  et al. NPHS2 mutation analysis shows genetic
heterogeneity of steroid-resistant NS and low post-transplant
recurrence. Kidney Int 2004; 66 : 571-579.

4. Özçakar ZB, Acar B, Yüksel, Ekim M, Yalçinkaya F. Analysis
of NPHS2 mutations in Turkish steroid-resistant nephrotic
syndrome patients. Pediatr Nephrol 2006; 21 : 1093-1096.

5. Frishberg Y, Rinat C, Megged O, Shapira E, Feinstein S, Raas-
Rothschild A. Mutations in NPHS2 encoding podocin are a
prevalent cause of steroid-resistant nephrotic syndrome
among Israeli-Arab children. J Am Soc Nephrol 2002; 13 : 400-
405.

6. Bassam BJ, Caetano-Anolles G, Gresshoff PM. Fast and
sensitive silver staining of DNA in polyacrylamide gels. Anal
Biochem 1991; 196 : 80-83.



A. Bakr et al

138 Indian Journal of Pediatrics, Volume 75—February, 2008

7. Schwarz K, Simons M, Reiser J, Saleem MA, Faul C, Kriz W et
al. Podocin, a raft-associated component of the glomerular slit
diaphragm, interacts with CD2AP and nephrin. J Clin Invest
2001; 08 : 1621-1629.

8. Huber TB, Kottgen M, Schilling B, Walz G, Benzing T.
Interaction with podocin facilitates nephrin signaling. J Biol
Chem 2001; 276 : 41543-41546.

9. El-Refaey A, Bakr A, Sarhan A, Hammad A, Ragab M, El-
Mogy A. The characteristics of focal segmental
glomerulosclerosis in Egyptian children: Single centre study
(abstract). Pediatr Nephrol 2006; 21 : 1616.

10. Caridi G, Perfumo F, Ghiggeri GM. NPHS2 (Podocin)
mutations in nephrotic syndrome. Clinical spectrum and fine
mechanisms. Pediatr Research 2005; 57 : 54R-61R.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


