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Genetic screening paradigms for congenital and infantile

nephrotic syndrome are well established; however, screening

in adolescents has received only minor attention. To help

rectify this, we analyzed an unselected adolescent cohort of

the international PodoNet registry to develop a rational

screening approach based on 227 patients with

nonsyndromic steroid-resistant nephrotic syndrome aged

10–20 years. Of these, 21% had a positive family history.

Autosomal dominant cases were screened for WT1, TRPC6,

ACTN4, and INF2 mutations. All other patients had the NPHS2

gene screened, and WT1 was tested in sporadic cases. In

addition, 40 sporadic cases had the entire coding region of

INF2 tested. Of the autosomal recessive and the sporadic

cases, 13 and 6%, respectively, were found to have podocin-

associated nephrotic syndrome, and 56% of them were

compound heterozygous for the nonneutral p.R229Q

polymorphism. Four percent of the sporadic and 10%

of the autosomal dominant cases had a mutation in WT1.

Pathogenic INF2 mutations were found in 20% of the

dominant but none of the sporadic cases. In a large cohort of

adolescents including both familial and sporadic disease,

NPHS2 mutations explained about 7% and WT1 4% of cases,

whereas INF2 proved relevant only in autosomal dominant

familial disease. Thus, screening of the entire coding

sequence of NPHS2 and exons 8–9 of WT1 appears to be

the most rational and cost-effective screening approach in

sporadic juvenile steroid-resistant nephrotic syndrome.
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Steroid-resistant nephrotic syndrome (SRNS) is a heteroge-
neous disorder caused either by dysregulation of the immune
system or by genetic abnormalities affecting podocyte-specific
proteins. Knowledge of the underlying pathology has major
impact on the treatment and prognosis of the disorder. The
genetic heterogeneity and phenotypic variability of SRNS
mandates a rational, adapted approach to genetic screening.

The age of disease onset is an important predictor of the
odds of finding an abnormality in a particular gene linked to
SRNS. In recent years, several proposals for genetic screening
paradigms have been put forward, which preferentially
addressed congenital and infantile onset cases.1–4 SRNS
manifesting at adolescent age was addressed as a subject of
minor interest in two recent reports only.3,4 The current
literature suggests that at least five genes should be taken into
consideration in adolescent-onset SRNS: NPHS2 in
autosomal recessive (AR) and sporadic cases,5,6 WT17 in
autosomal dominant (AD) and sporadic cases, and TRCP6,8

ACTN4,9 and the recently identified INF210 in AD cases. In
contrast, the occurrence of mutations in the genes NPHS1,
PLCE1, MYOE1, and PTPRO in this age group is rather
anecdotal.11 Furthermore, APOL1 variants are considered risk

factors for focal segmental glomerulosclerosis (FSGS) in young
adults, at least in the African-American population.12

Although most previous studies in SRNS focused on
familial cases, the vast majority of adolescent SRNS cases are
in fact sporadic. The PodoNet registry study collects clinical
and genetic information as well as biomaterials from patients
with SRNS across the pediatric age range. With almost 1500
cases from 66 pediatric nephrology centers in 21 countries
compiled to date, PodoNet is the largest registry worldwide
devoted to this rare disorder (Supplementary Material S1
online). Here, we utilized the PodoNet registry to perform
comprehensive screening for genetic causes in an unselected
population of 297 SRNS patients with disease onset in the
second decade of life, including both sporadic and familial
cases.

RESULTS

AR cases accounted for B25% of Polish, Turkish, and Syrian
patients enrolled in the study, whereas family history was
positive in no more than 10% of patients from Western
Europe and Latin America. A total of 38 (17%) patients
(including members of 12 AR families) descended from
consanguineous marriages; all of these were from Turkey or
the Middle East.

The distribution of age at onset and degree of proteinuria
was similar in the familial and sporadic forms. On biopsy,
patients with familial SRNS showed less frequently minimal
change histology (3% vs. 16%, P¼ 0.05) and more
commonly mesangioproliferative glomerulonephritis (24%
vs. 9%, Po0.05) than patients with sporadic disease, whereas
the proportion of cases with FSGS was similar (63 and 73%,
not significant). The fraction of sclerosed glomeruli did not
differ significantly in patients with familial (median 36,
interquartile range 15–50%) and sporadic FSGS (median 18,
interquartile range 10–50%).

Autosomal dominant SRNS

None of the AD patients was found to have a mutation in
TRCP6 or ACTN4. One patient was found to have an intronic
mutation in WT1 and two patients were positive for an INF2
mutation located in its hot spot region (exon 4). Details
regarding clinical presentation are given in Tables 1 and 2.

Sporadic and autosomal recessive SRNS

NPHS2 screening. In all, 5/38 (13%) AR patients and 11/
179 (6%) sporadic cases were found to have podocin-
associated SRNS. NPHS2-positive patients did not differ
from the other adolescents with respect to age at first
manifestation, time to end-stage renal disease, histopathol-
ogy, and degree of proteinuria. FSGS was present in 10 cases,
mesangioproliferative glomerulonephritis GN in 2 cases, and
minimal change nephropathy and global glomerulosclerosis
in 1 case each.

Homozygous mutations in NPHS2 were found in 5 (all
sporadic) patients and compound heterozygous mutations
in 11 patients (Table 3). The most common mutations were
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