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Abstract Distinct eye abnormalities have been described
in children with nephrotic syndrome, particularly in diffuse
mesangial sclerosis (i.e. Pierson syndrome). The aim of the
study was to investigate whether there were any associated
ocular anomalies in children with steroid-resistant nephrotic
syndrome (SRNS), all of whom had revealed primary focal
segmental glomerulosclerosis in biopsy. Thirty-three SRNS
patients (16 male, 17 female) with a median age of
10.5 years (range 3–25 years) were enrolled in the study.
Twenty steroid-sensitive nephrotic syndrome (SSNS)
patients (ten male, ten female) with a median age of 8 years
(range 3–15 years) served as controls. All SRNS patients
were examined by mutational analysis for mutations in the
NPHS2, WT1, and LAMB2 genes. Nine out of 33 SRNS
patients (27.2%) showed various eye abnormalities. How-
ever, no abnormal ocular findings were detected in any of
the SSNS patients. Abnormal eye findings detected in
SRNS patients were anisometropic amblyopia (n=4),
Mittendorf’s dots (n=4), myopic astigmatism (n=3) and
exotropia (n=1). Macular pigment changes (n=1), posterior
subcapsular opacities (n=1) and cataract (n=1) were
considered as steroid-induced side effects. In four patients,

more than one eye abnormality was found. Mutational
analysis for the NPHS2, WT1 and LAMB2 genes revealed
disease-causing mutations in 24.2% of patients. Homozy-
gous NPHS2 mutations were detected in five patients
(15.1%), all of whom had parental consanguinity. In three
patients (9%) from non-consanguineous parents, heterozy-
gous de novo WT1 mutations were detected as disease-
causing mutations. No LAMB2 mutation was detected in
any patient. While four out of five (80%) patients with
homozygous NPHS2 mutations showed at least one
abnormal ocular finding (i.e. Mittendorf’s dot or anisomet-
ric amblyopia), none of the patients with a WT1 mutation
had ocular involvement. In conclusion, ocular involvement
may accompany SRNS caused by primary focal segmental
glomerulosclerosis (FSGS). Ophthalmologic evaluation at
the time of diagnosis might be beneficial to characterize
further the spectrum of this possible association.
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Introduction

Nephrotic syndrome (NS), characterized by proteinuria,
hypoalbuminemia, edema, and hyperlipidemia, is one of the
most frequent glomerular diseases encountered in children
[1, 2]. For decades, NS has been separated into two broad
categories on the basis of the response to standard steroid
therapy, i.e. steroid-sensitive NS (SSNS) and steroid-
resistant NS (SRNS) [1, 2]. NS is a clinical heterogeneous
condition characterized by histologic variants [3, 4] and
different genetic backgrounds [5–10]. In SRNS, approxi-
mately 75% of patients exhibit renal histologic features of
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focal segmental glomerulosclerosis (FSGS) and 20%
demonstrate minimal-change NS (MCNS). Conversely, in
SSNS, renal histologic features indicate MCNS in 80% of
cases and FSGS in 20% [11]. In recent years, advances in
the molecular genetics of familial NS have led to the
discovery of specialized molecules located on podocytes
that are mutated in SRNS. Several genes have been
identified by positional cloning as causing SRNS in
humans. These include the recessive genes, NPHS1
(nephrin) [5], NPHS2 (podocin) [6], LAMB2 (laminin-β2)
[8], PLCE1 (phospholipase C epsilon 1) [10] as well as the
dominant genes WT1 (Wilms tumor suppressor gene 1) [12,
13], ACTN4 (actinin alpha-4) [7] and TRPC6 (canonical
transient receptor potential 6 ion channel) [9]. However, in
most cases of isolated SRNS and in the majority of patients
with syndromic forms associated with neurological, ocular,
skeletal, and other abnormalities, the genetic basis remains
unclear [14].

Various types of ocular defects involving the lens, retina
and cornea have been described in syndromes that are
associated with renal glomerular defects [15–19]. More-
over, in certain glomerular or tubular diseases, some
particular ocular findings have been reported that are
specific for that disease or are being encountered more
frequently than those seen in the general population. Since
certain genes are involved in the early development of both
eye and renal glomerulus, it is rational to detect ocular
involvement in patients with genetic kidney diseases.

In the present study, we aimed to evaluate whether there
is an association with a certain eye phenotype in children
with biopsy proven primary FSGS presenting with steroid-
resistant nephrotic syndrome (SRNS) along with mutational
analysis by direct sequencing of NPHS2, WT1 and LAMB2.

Patients and methods

Patients

This study was approved by the local Ethics Committees of
Hacettepe University Faculty of Medicine and of the
University of Michigan. Informed consent/assent of the
parents and/or the patients was obtained. Inclusion criteria
were (1) biopsy proven primary FSGS presented with
steroid-resistant nephrotic syndrome, which was diagnosed
according to published criteria [20], (2) patients/parents
who gave written informed consent/assent for the study.
Criteria for exclusion from the study were (1) secondary
and syndromic FSGS, (2) presence of any systemic illness
other than FSGS, (3) any clinically severe co-morbid
condition, including marked hypertension.

Overall, 33 patients (16 male, 17 female) with biopsy
proven primary FSGS were enrolled in the study. The

median age of the patients was 10.5 years (range 3–
25 years), and the median age at disease onset was 6 years
(range 1–13 years). Consanguinity between parents was
noted in 15 patients (45%) (Table 1). Detailed demographic
and clinical data were ascertained from the hospital records
of each patient (Table 1). Twenty patients (ten male, ten
female), with a median age of 8 years (range 3–15 years)
with steroid-sensitive nephrotic syndrome (SSNS) served as
controls. The median age at onset for the control group was
5 years (range 2–11 years).

Detailed ophthalmologic examination was performed by
two experienced ophthalmologists (C.E.P. and S.K.).

Ophthalmological examination

All patients underwent ophthalmological examination con-
sisting of visual acuity determination with the most
advanced chart (Teller, Lea or Snellen visual acuity chart).
According to the patient’s age, refractive error was
determined by cycloplegic retinoscopy, approximately
45 min following instillation of cyclopentolate 1% drops
twice (10 min apart) into each eye. Evaluation of
strabismus (cover–uncover tests and eye movements), slit
lamp biomicroscopy of the anterior segment before and
after cycloplegia, and fundus examination after dilatation
were also performed.

Mutational analysis

All SRNS patients were screened by mutational analysis for
NPHS2, WT1 and LAMB2. Genomic DNA was isolated
from blood samples with the Puregene DNA purification kit
(Gentra, Minneapolis, MN, USA) in accordance with the
manufacturer’s guidelines. Mutation analysis was per-
formed by exon-flanking direct sequencing of all eight
exons of NPHS2, exons 8 and 9 of WT1 and all 32 exons of
LAMB2. Exon primers are available from the authors on
request. Polymerase chain reaction (PCR) products were
sequenced with an ABI automated sequencer (Applied
Biosystems, CA, USA). For sequence analysis the software
SEQUENCHER (Gene Codes, Ann Arbor, MI, USA) was
used. For all detected mutations and other sequence
variants, sequencing of both strands was performed. The
absence of previously unpublished mutations was shown in
160 control chromosomes from healthy individuals of
matched ethnic origin.

Statistical analysis

The results were analyzed with SPSS, version 11.0 (SPSS
Inc., Chicago, IL, USA) and were expressed as median
(minimum–maximum) for data not showing normal distri-
bution and as mean ± SD for data showing normal
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distribution. The Mann–Whitney U test was used to
compare study groups. A P value less than 0.05 was
considered significant.

Results

Clinical characteristics

Twenty-five patients (75.7%) with SRNS presented acutely
with nephrotic range proteinuria; eight patients were
identified by non-nephrotic proteinuria during regular
examination (Table 1). Mean initial serum albumin and
urinary protein/creatinine ratio (milligrams per milligram)
were 2.2±0.8 g/dl and 18.5±16.6, respectively, in the

SRNS group, and 1.9±0.69 g/dl and 4.8±5.9, respectively,
in the SSNS group (P>0.05). Ten patients (30.3%) also had
hematuria (Table 1). Hypertension was noted in two
patients (patients 2 and 21). Renal biopsy revealed FSGS
in all SRNS patients.

Initial treatment for all patients consisted of oral
prednisone administration (60 mg/m2 per day, in divided
doses for 4 weeks, followed by 40 mg/m2 every other day
in a single dose for 4 weeks) according to the protocols of
the International Study of Kidney Disease in Children
(ISKDC) and the Arbeitsgemeinschaft für Pädiatrische
Nephrologie [21, 22]. When this treatment failed to induce
remission, then cyclophosphamide (2 mg/kg per day,
12 weeks) and/or pulse doses of methyl prednisolone (20–
30 mg/kg, three consecutive days, once a month for

Table 1 Demographic characteristics of 33 patients with primary FSGS (A acute presentation, Cre creatinine, F female, M male, N no, Y yes, Pr
protein, R during regular examination)

Patient no. Age (years) Gender Age at onset of
nephrotic
syndrome (years)

Parental
consanguinity

Clinical
presentation

Initial serum
albumin (g/dl)a

Urinary
Pr/Cre ratio

Hematuria

1 11 F 1 Y R 2.40 42 Y
2 16 M 10 Y A 1.40 24 N
3 10 M 9 Y A 3.40 3.40 Y
4 13 M 5 N A 2.20 28 N
5 15 F 5 N A 3.10 2 N
6 8 M 3 Y A 2.30 5.87 N
7 10 F 2 N A 1.80 24 N
8 3 F 2 Y R 2.90 1 N
9 14 F 11 N R 3.20 10 N
10 9 F 7 Y A 1.50 15 N
11 9 F 6 N A 1.40 22 N
12 13 M 7 N A 1.30 36 N
13 14 F 13 N A 3.50 1.60 N
14 10 M 9 N A 2.40 4.20 Y
15 9 M 6 Y A 3.50 8 N
16b 15 F 5 Y R 2.10 21 Y
17b 5 M 3 Y R 2.20 8.40 Y
18 9 M 2 N A 1.30 73 N
19 12 M 8 Y A 1.40 24 N
20 11 F 9 Y A 1.50 22 N
21 10 M 7 N A 3.30 21 N
22 14 M 11 N A 2.60 16 N
23 11 M 3 Y R 1.50 46 Y
24 9 F 4 N A 1.2 32 Y
25 8 F 7 N R 2.91 8.20 N
26 12 M 10 N A 3 9 N
27 11 M 6 Y A 1.6 16.20 Y
28 16 F 3 N A 3.7 16 N
29 9 F 1 N A 1.30 2.25 N
30 6 M 3 Y A 1.60 12.10 Y
31 15 F 4 N R 2.10 8.20 N
32 25 F 12 N A 1.80 7.40 N
33 4 F 3 Y A 1.80 56 Y

aMilligrams per milligram
b Patients 16 and 17 are siblings
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6 months) and/or cyclosporine A (2–3 mg/kg per day) were
added to low-dose alternate-day oral steroid therapy.
Overall, while 13 patients showed primary resistance to
initial steroid treatment, partial response was noted in 20
patients (Table 2). Median follow-up time was 54 months
(range 4–180 months) for the SRNS patients and 33 months
(range 12–120 months) for the SSNS patients. The duration
of steroid treatment and time of ophthalmologic examina-
tion for each patient are given in Table 2.

Eye findings

Nine out of 33 patients (27.2%) had various abnormal eye
findings, which were not related to drug therapy. These

were anisometropic amblyopia (n=4), Mittendorf’s dots
(n=4), myopic astigmatism (n=3) and exotropia (n=1).
Macular pigmentary changes in patient 15, cataract in
patient 16 and posterior subcapsular opacities in patient 21
were thought to be secondary to steroid treatment, and,
therefore, these findings were not included in the calcu-
lations. Four patients had two distinct abnormal eye
findings at the same time (Table 3).

Mutational analysis

Mutational analysis for the NPHS2, WT1 and LAMB2 genes
revealed disease-causing mutations in eight out of 33
patients with SRNS (24.2%). Homozygous NPHS2 muta-
tions were detected in five patients from different families
(15.1%), all of whom had parental consanguinity (patients 6,
16, 17, 23, 33; see Table 3). One patient (patient 5) was
carrying the Arg229Gln variant heterozygously, which did
not explain the disease phenotype. In three patients (9%)
from non-consanguineous parents, heterozygous de novo
WT1 mutations were detected as disease-causing mutations
(patients 12, 25, 31; Table 3). No LAMB2 mutation was
detected in any patient. Four out of five (80%) patients with
homozygous NPHS2 mutations showed at least one abnor-
mal ocular finding (i.e. Mittendorf’s dot or anisometric
amblyopia). Interestingly, Mittendorf’s dot was present in
two siblings (patients 16 and 17) who were carrying the
same homozygous NPHS2 mutation. In six patients without
mutations in NPHS2 or WT1, seven different eye abnormal-
ities were found: anisometropic amblyopia (patients 11, 14),
myopic astigmatism (patients 13, 20), macular pigmentary
changes (patient 15), posterior subcapsular opacities (pa-
tient 21) and Mittendorf’s dot (patient 20) (Table 3).
However, the ocular changes (i.e. macular pigmentary
changes and posterior subcapsular opacities) in patients 15
and 21 were considered to be steroid-induced side effects.
No abnormal ocular findings were found in three patients
with a disease-causing mutation inWT1. In the control group
(SSNS patients), no ocular involvement was detected.

Discussion

In this study we examined a single-center cohort of 33
SRNS children with biopsy-proven primary FSGS for
mutations in NPHS2, WT1 and LAMB2 for the association
with ophthalmologic symptoms. While ocular involvement
was found to be present in nine out of 33 (27.2%) children
with SRNS, in the SSNS control group no ocular changes
were found. Four out of five patients (80%) with disease-
causing NPHS2 mutations showed at least one ocular
abnormality. No eye involvement was found in patients
with a WT1 mutation.

Table 2 Clinical characteristics of the patients (PR partial response to
steroid, SR primary steroid resistance, Y yes, N no)

Patient
no.

Duration
of steroid
therapy
(months)

Response
to steroid

Follow-up time
and the time of
ophthalmologic
examination
(months)

Steroid
treatment at
the time of
eye
examination

1 62 SR 72 Y
2 36 PR 72 N
3 8 PR 9 N
4 60 PR 96 Y
5 24 PR 84 N
6 12 SR 66 N
7 72 PR 96 Y
8 8 PR 12 N
9 36 PR 36 Y
10 24 PR 24 Y
11 24 PR 36 N
12 36 PR 72 N
13 8 PR 16 N
14 14 SR 28 Y
15 16 SR 32 Y
16 60 SR 116 Y
17 12 SR 39 N
18 64 PR 84 N
19 48 PR 48 Y
20 14 PR 26 N
21 84 PR 108 N
22 12 PR 12 Y
23 48 SR 96 Y
24 24 PR 60 N
25 11 PR 11 Y
26 24 PR 24 Y
27 54 SR 60 Y
28 30 PR 156 N
29 54 SR 96 N
30 26 SR 26 Y
31 96 SR 132 Y
32 72 SR 180 N
33 12 SR 12 Y
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Association between SRNS and other organs are
increasingly being recognized. In our study, we report the
prevalence of ocular findings in patients with SRNS. The
question is whether this association is really true or just an
incidental finding. Recent evidence suggests that genetic
defects causing SRNS might also be a reason of ocular
involvement [8]. Ocular involvement, in fact, has been well
known in various hereditary diseases associated with
certain glomerular disorders characterized by nephrotic

syndrome, such as Pierson syndrome, in which mutations
in the LAMB2 gene are causative [8, 23]. There is growing
body of evidence that slit diaphragm proteins are also
expressed outside of the kidney and might have a functional
significance in the development of other organs [5, 24]. For
podocin, recent studies have demonstrated its expression in
fetal heart [6]. Frishberg et al. [25] have recently confirmed
this observation clinically, demonstrating various cardiac
anomalies in 89% of patients with homozygous NPHS2

Table 3 Abnormal eye
findings, and mutational
analysis performed for WT1
and NPHS2

Mutational analysis was per-
formed for the NPHS2, WT1,
and LAMB2 genes in each
patient. Ex exon, homo homo-
zygous, het heterozygous

Patient
no.

Eye findings WT1 NPHS2 mutation
(amino acid exchange)

1 None
2 None
3 None
4 None
5 Mittendorf’s dot Ex 5 c.686G->A=Arg229Gln

(het)
6 Anisometropic amblyopia,

exotropia
Ex 7 c.803T->G =Val268Gly
(homo)

7 None
8 None
9 None
10 None
11 Anisometropic amblyopia
12 None Ex 9 IVS9+5 G/A (het)
13 Myopic astigmatism
14 Anisometropic amblyopia
15 Macular pigmentary

changes
16 Mittendorf’s dot, cataract Ex 4 c. 460-467 insT = Val165X

(homo)
17 Mittendorf’s dot, myopic

astigmatism
Ex 4 c. 460-467 insT = Val165X
(homo)

18 None
19 None
20 Mittendorf’s dot, myopic

astigmatism
21 Posterior subcapsular

opacities
22 None
23 Anisometropic amblyopia Ex2 c.353C->T = Pro118Leu

(homo)
24 None
25 None Ex 9 c.1228+4C/T

(het)
26 None
27 None
28 None
29 None
30 None
31 None Ex 9 c.1228+4C/T

(het)
32 None
33 None Ex 2 c.353C->T = Pro118Leu

(homo)
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mutations at diagnosis of SRNS. In our study, we found
ocular involvement in 4/5 (80%) of the patients with
homozygous NPHS2 mutations, which might be attributed
to a possible role of NPHS2 in eye development. Evidence
supporting this suggestion might be that: (1) none of the
patients with SSNS had ocular involvement, (2) none of the
patients with WT1 mutation had any ocular anomalies, (3)
Mittendorf’s dot was diagnosed in four out of 33 patients
(12%) with FSGS and in 4/9 patients (44.4%) with
abnormal eye findings. Moreover, it was present in two
siblings (patients 16 and 17) who were carrying the same
homozygous NPHS2 mutation. Although the true preva-
lence and incidence of Mittendorf’s dot in healthy
populations is not known, it is believed to be extremely
rare [26]. Mittendorf’s dot, also called the hyaloid body,
represents the remains of the anterior end of the hyaloid
artery and is not related to any drugs. It appears as a small
axial or nasally paraxial gray-white dot opacity at the
posterior apex of the lens. It is, in itself, visually
insignificant unless it is large, which is rare, and may then
represent a mild form of persistent hyperplastic primary
vitreous (PHPV). Occasionally, it may be associated with
posterior lenticonus and sometimes with a persistent
hyaloid artery. Usually, it is stable, not requiring surgery,
but progression has been noted [26]. Another important eye
finding was anisometropic amblyopia, which is a common
cause of amblyopia that has an estimated prevalence in
children ranging from 2% to 5% [27]. However, in our
study, we found it in four out of 33 patients (12.1%).
Unequal refractive error between two eyes could produce
abnormal binocular interaction and/or visual deprivation,
when severe [28]. Astigmatism is a common refractive
anomaly. Myopic astigmatism is a condition in which the
eye is affected with myopia in one meridian only. Its
prevalence has been reported to be between 1.4% and
19.8% in different population-based studies [29]. In our
patient population, we found it to be 9%, which did not
differ from that seen in the general population. We also
found macular pigmentary changes in one patient. It can be
an isolated finding, maybe associated with many different
systemic disorders. However, there is one report on an
association with corticosteroid use [30], so we cannot
exclude definitely that it might be a steroid-induced side
effect. Similarly, posterior subcapsular opacities and cata-
ract formation in two patients were thought to be adverse
effects of corticosteroids.

In our study we detected disease-causing mutations in
NPHS2 and WT1 in eight out of 33 patients with SRNS
(five with mutations in NPHS and three in WT1). The
number of detected NPHS2 mutations (15.1%) is in
agreement with that in another Turkish study, in which five
different NPHS2 mutations in four of 30 (13.3%) families
was detected [31]. In a large cohort, Ruf et al. [32] reported

homozygous or compound heterozygous mutations in
NPHS2 for 29% of familial and sporadic SRNS patients.
Caridi et al. [33] observed homozygous or compound
heterozygous mutations in NPHS2 for 12% of SRNS
patients. In contrast, Maruyama et al. [34] performed
mutational analysis for 36 Japanese children with SRNS
without detecting any mutation in NPHS2. These discrep-
ancies stem from genetic heterogeneity between different
ethnic groups. Thus, every population should establish its
own genetic profile for particular diseases. We detected WT1
mutation as an underlying genetic defect in 3/33 (9%) of all
patients, which is in agreement with previous studies [12,
13]. In 75% of all SRNS patients, we did not find mutations
in NPHS2, WT1 or LAMB2. This further confirms the
clinical and genetic heterogeneity of the disease and suggests
the existence of more disease-causing gene(s).

In conclusion, ocular involvement may accompany
primary FSGS manifested by SRNS independent of
treatment. Ophthalmologic evaluation at the time of
diagnosis might be beneficial to characterize further the
spectrum of this possible association. Further studies in
larger cohorts are needed to draw a certain conclusion.

References

1. International Study of Kidney Disease in Children (1981) Primary
nephrotic syndrome in children: Clinical significance of histo-
pathologic variants of minimal change and of diffuse mesangial
hypercellularity. Kidney Int 20:765–771

2. Niaudet P (2004) Steroid-resistant idiopathic nephrotic syndrome
in children. In: Avner ED, Harmon WE, Niaudet P (eds) Pediatric
nephrology, 5th edn. Lippincott Williams&Wilkins, Philadelphia,
pp 557–573

3. Korbet SM (1998) Primary focal segmental glomerulosclerosis. J
Am Soc Nephrol 9:1333–1340

4. Border WA (1988) Distinguishing minimal-change disease from
mesangial disorders. Kidney Int 34:419–434

5. Kestila M, Lenkkeri U, Mannikko M, Lamerdin J, McCready P,
Putaala H, Ruotsalainen V, Morita T, Nissinen M, Herva R,
Kashtan CE, Peltonen L, Holmberg C, Olsen A, Tryggvason K
(1998) Positionally cloned gene for a novel glomerular protein—
nephrin—is mutated in congenital nephrotic syndrome. Mol Cell
1:575–582

6. Boute N, Gribouval O, Roselli S, Benessy F, Lee H, Fuchshuber A,
Dahan K, Gubler MC, Niaudet P, Antignac C (2000) NPHS2,
encoding the glomerular protein podocin, is mutated in autosomal
recessive steroid-resistant NS. Nat Genet 24:349–354

7. Kaplan JM, Kim SH, North KN, Rennke H, Correia LA, Tong HQ,
Mathis BJ, Rodriguez-Perez JC, Allen PG, Beggs AH, Pollak MR
(2000) Mutations in ACTN4, encoding alpha-actinin-4, cause
familial focal segmental glomerulosclerosis. Nat Genet 24:251–256

8. Zenker M, Aigner T, Wendler O, Tralau T, Müntefering H, Fenski R,
Pitz S, Schumacher V, Royer-Pokora B,Wühl E, Cochat P, Bouvier R,
Kraus C, Mark K, Madlon H, Dötsch J, Rascher W, Maruniak-
Chudek I, Lennert T, Neumann LM, Reis A (2004) Human
laminin beta2 deficiency causes congenital nephrosis with
mesangial sclerosis and distinct eye abnormalities. Hum Mol
Genet 13:2625–2632

426 Pediatr Nephrol (2008) 23:421–427



9. Winn MP, Conlon PJ, Lynn KL, Farrington MK, Creazzo T,
Hawkins AF, Daskalakis N, Kwan SY, Ebersviller S, Burchette JL,
Pericak-Vance MA, Howell DN, Vance JM, Rosenberg PB (2005)
A mutation in the TRPC6 cation channel causes familial focal
segmental glomerulosclerosis. Science 308:1801–1804

10. Hinkes B, Wiggins RC, Gbadegesin R, Vlangos CN, Seelow D,
Nürnberg G, Garg P, Verma R, Chaib H, Hoskins BE, Ashraf S,
Becker C, Hennies HC, Goyal M, Wharram BL, Schachter AD,
Mudumana S, Drummond I, Kerjaschki D,Waldherr R, Dietrich A,
Ozaltin F, Bakkaloglu A, Cleper R, Basel-Vanagaite L, Pohl M,
Griebel M, Tsygin AN, Soylu A, Müller D, Sorli CS, Bunney TD,
Katan M, Liu J, Attanasio M, O’toole JF, Hasselbacher K,Mucha B,
Otto EA, Airik R, Kispert A, Kelley GG, Smrcka AV, Gudermann T,
Holzman LB, Nürnberg P, Hildebrandt F (2006) Positional cloning
uncovers mutations in PLCE1 responsible for a nephrotic syndrome
variant that may be reversible. Nat Genet 38:1397–1405

11. Fuchshuber A, Gribouval O, Ronner V, Kroiss S, Karle S, BrandisM,
Hildebrandt F (2001) Clinical and genetic evaluation of familial
steroid-responsive nephrotic syndrome in childhood. J Am Soc
Nephrol 12:374–378

12. Ruf RG, Schultheiss M, Lichtenberger A, Karle SM, Zalewski I,
Mucha B, Everding AS, Neuhaus T, Patzer L, Plank C, Haas JP,
Ozaltin F, Imm A, Fuchshuber A, Bakkaloglu A, Hildebrandt F,
APN Study Group (2004) Prevalence of WT1 mutations in a large
cohort of patients with steroid-resistant and steroid-sensitive
nephrotic syndrome. Kidney Int 66:564–570

13. Mucha B, Ozaltin F, Hinkes BG, Hasselbacher K, Ruf RG,
Schultheiss M, Hangan D, Hoskins BE, Everding AS, Bogdanovic R,
Seeman T, Hoppe B, Hildebrandt F, Members of the APN Study
Group (2006) Mutations in the Wilms’ tumor 1 gene cause isolated
steroid resistant nephrotic syndrome and occur in exons 8 and 9.
Pediatr Res 59:325–331

14. Habib R (1993) Nephrotic syndrome in the 1st year of life. Pediatr
Nephrol 7:347–353

15. Gubler MC, Heidet L, Antignac C (2004) Inherited glomerular
diseases. In: Avner ED, Harmon WE, Niaudet P (eds) Pediatric
nephrology, 5th edn. Lippincott Williams&Wilkins, Philadelphia,
pp 517–542

16. Kurli M, Finger PT (2005) The kidney, cancer, and the eye:
current concepts. Surv Ophthalmol 50:507–518

17. Shapiro LR, Duncan PA, Farnsworth PB, Lefkowitz M (1976)
Congenital microcephaly, hiatus hernia and nephrotic syndrome:
an autosomal recessive syndrome. Birth Defects Orig Arctic Ser
12:275–278

18. Mildenberger E, Lennert T, Kunze J, Jandeck C, Waldherr R,
Versmold H (1998) Diffuse mesangial sclerosis: association with
unreported congenital anomalies and placental enlargement. Acta
Paediatr 87:1301–1303

19. Dreyer SD, Zhou G, Baldini A, Winterpacht A, Zabel B, Cole W,
Johnson RL, Lee B (1998) Mutations in LMX1B cause abnormal
skeletal patterning and renal dysplasia in nail patella syndrome.
Nat Genet 19:47–50

20. Arbetsgemeinschaft für Pädiatrische Nephrologie (1988) Short
versus standard prednisone therapy for initial treatment of
idiopathic nephrotic syndrome in children. Lancet 1:380–383

21. International Study of Kidney Disease in Children (1981) The
primary nephrotic syndrome in children. Identification of patients
with minimal change nephrotic syndrome from initial response to
prednisone. J Pediatr 98:561–564

22. Arbetsgemeinschaft für Pädiatrische Nephrologie (1979) Alter-
nate-day versus intermittent prednisone in frequently relapsing
nephrotic syndrome. Lancet 1:401–403

23. Pierson M, Cordier J, Hervouuet F, Rauber G (1963) An unusual
congenital and familial congenital malformative combination
involving the eye and kidney. J Genet Hum 12:184–213

24. Putaala H, Soininen R, Kilpelainen P, Wartiovaara J, Tryggvason
K (2001) The murine nephrin gene is specifically expressed in
kidney, brain and pancreas: inactivation of the gene leads to
massive proteinuria and neonatal death. Hum Mol Genet 10:1–8

25. Frishberg Y, Feinstein S, Rinat C, Becker-Cohen R, Lerer I, Raas-
Rothschild A, Ferber B, Nir A (2006) The heart of children with
steroid-resistant nephrotic syndrome: is it all podocin? J Am Soc
Nephrol 17:227–231

26. Amaya L, Taylor D, Russell-Eggitt I, Nischal KK, Lengyel D
(2003) The morphology and natural history of childhood cataracts.
Surv Ophthalmol 48:125–144

27. Webber AL, Wood J (2005) Amblyopia: prevalence, natural history,
functional effects and treatment. Clin Exp Optom 88:365–375

28. Hussein MA, Coats DK, Muthialu A, Cohen E, Paysse EA (2004)
Risk factors for treatment failure of anisometropic amblyopia. J
AAPOS 8:429–434

29. Huynh SC, Kifley A, Rose KA, Morgan IG, Mitchell P (2007)
Astigmatism in 12-year-old Australian children: comparisons with
a 6-year-old population. Invest Ophthalmol Vis Sci 48:73–82

30. Spraul CW, Lang GE, Lang GK (1998) Retinal pigment epithelial
changes associated with systemic corticosteroid treatment: report of
cases and review of the literature. Ophthalmologica 212:142–148

31. Ozcakar ZB, Cengiz FB, Cakar N, Uncu N, Kara N, Acar B,
Yuksel S, Ekim M, Tekin M, Yalcinkaya F (2006) Analysis of
NPHS2 mutations in Turkish steroid-resistant nephrotic syndrome
patients. Pediatr Nephrol 21:1093–1096

32. Ruf RG, Lichtenberger A, Karle SM, Haas JP, Anacleto FE,
Schultheiss M, Zalewski I, Imm A, Ruf EM, Mucha B, Bagga A,
Neuhaus T, Fuchshuber A, Bakkaloglu A, Hildebrandt F (2004)
Patients with mutations in NPHS2 (podocin) do not respond to
standard steroid treatment of NS. J Am Soc Nephrol 15:722–732

33. Caridi G, Bertelli R, Scolari F, Sanna-Cherchi S, Di Duca M,
Ghiggeri GM (2003) Podocin mutations in sporadic focal-segmental
glomerulosclerosis occurring in adulthood. Kidney Int 64:365

34. Maruyama K, Iijima K, Ikeda M, Kitamura A, Tsukaguchi H,
Yoshiya K, Hoshii S, Wada N, Uemura O, Satomura K, Honda M,
Yoshikawa N (2003) NPHS2 mutations in sporadic steroid-
resistant nephrotic syndrome in Japanese children. Pediatr
Nephrol 18:412–416

Pediatr Nephrol (2008) 23:421–427 427


	Eye involvement in children with primary focal segmental glomerulosclerosis
	Abstract
	Introduction
	Patients and methods
	Patients
	Ophthalmological examination
	Mutational analysis
	Statistical analysis

	Results
	Clinical characteristics
	Eye findings
	Mutational analysis

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


