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ABSTRACT. Congenital nephrotic syndrome of the Finnish type (CNF)
is a lethal, autosomal recessive disorder mainly caused by mutations in
the NPHS1 gene; it is found at a relatively high frequency in Finns. We
investigated the disease-causing mutations in a Chinese family with CNF
and developed a prenatal genetic diagnosis for their latest pregnancy.
Mutation analysis was made of all exons and exon/intron boundaries of
NPHS1 in the fetus, parents and 50 unrelated controls using PCR and
direct sequencing. A heterozygous nonsense mutation within exon 20
(c.2783C>A) and a missense mutation within exon 17 (¢.2225T>C) in
NPHS1 were detected in the proband’s father and mother, respectively, but
were not found in the fetus or in 50 unrelated controls. Two novel mutations
of ¢.2783C>A and ¢.2225T>C in NPHSI were found to be causative in
this Chinese CNF family with no known Finnish ancestry. The most recent
sibling did not inherit these two mutations and hence was unaffected with
CNF. Determining the cumulative number and ethnic distribution of known
mutations can help expedite further study of the pathogenesis of CNF.
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INTRODUCTION

Congenital nephrotic syndrome of the Finnish type (CNF) is a rare autosomal
recessive kidney disease first and most thoroughly described in Finnish communities.
Homozygous mutations in the NPHS! gene encoding nephrin account for -40% of in-
fants with congenital nephrotic syndrome (CNS; Schoeb et al., 2010). Two thirds of pa-
tients with manifestations in the first year of life show mutations in four genes (NPHS1,
NPHS2, WT1, or LAMB?2), but NPHSI mutations occur only in CNS (Hinkes et al.,
2007).

The disease develops in utero and is diagnosed soon after birth, always present-
ing before three months of age on the basis of massive proteinuria and a large placenta
weighing over 25% of the child’s birth weight (Patrakka et al., 2000). The course of the
disease is progressive, often leading to end-stage renal disease (ESRD) by two or three
years of age. NPHSI is relatively common in the Finnish population, with an incidence
of 1:8200 newborns (Ahvenainen et al., 1956; Norio, 1966). There is a much lower fre-
quency in other countries (Fuchshuber et al., 1996); and there are no CNF statistical data
for China.

A nonconsanguineous Chinese couple with pregnancy, having had two children
die of ESRD as well as having suffered a spontaneous abortion of a possibly affected
fetus, was referred to us for genetic prenatal diagnosis. We endeavored to investigate dis-
ease-causing mutations in the family and perform prenatal genetic diagnosis and coun-
seling for their current pregnancy. Examination protocols were approved by the Central
South University Ethics Committees. Informed consent was obtained from the family
members.

SUBJECTS AND METHODS
Patients

CNS had been diagnosed in two siblings of a Chinese family (Figure 1) with no known
Finnish ancestry. One sibling (1I-1) weighed normally at birth after an uneventful 38-week
pregnancy of the primigravid mother. The weight of the placenta was described to be heavier
than usual. Consanguinity was denied and no chemical exposure or maternal drug was noted
during the pregnancy. The proband developed normally until the 10th day of life when he was
hospitalized with abdominal distension and myasthenia of limbs. He had normal male external
genitalia. Laboratory investigation showed heavy proteinuria (+++), low serum albumin and
hyperlipemia. The proband died of ESRD at the age of one month.

The proband’s sister (II-3) was born at 37 weeks because of premature rupture of
membranes, and the weight of the placenta was heavier than usual. At the age of 20 days, she
presented the same symptoms as the proband. Laboratory data are given in Table 1. Although
the condition was improved by administration of albumin, she died of ESRD at the age of
three months.

The parents had been clinically evaluated as normal at Xiangya Hospital of Central
South University. They were experiencing their fourth pregnancy at 20 weeks gestation and
were referred to us for prenatal genetic diagnosis.
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Figure 1. The Chinese congenital nephrotic syndrome pedigree.

Table 1. Laboratory investigation of the proband’s sister (II-3), who had congenital nephrotic syndrome, at the
age of 20 days.

Inspection item Results Status Reference value Unit
Total protein 26.6 1 64-83 g/L
Albumin 18.2 | 35-55 g/L
Globulin 8.8 1 20-30 g/L
Calcium 1.6 1 2.1-2.6 mM
Chloride 94.0 | 98-109 mM
Magnesium 0.5 1 0.7-1.15 mM
Serum sodium 125.0 1 137-147 mM
Phosphorus 1.61 1 0.7-1.5 mM
Total cholesterol 9.0 1 3-6 mM
Creatinine 19.0 1 70.7-106.1 uM
Urea 1.4 | 8-21 mM
Uric acid 72.0 1 150-430 uM
Total carbon dioxide 36.0 1 22-31 mM

Genetic analysis

Genomic DNA was extracted from peripheral blood and amniotic fluid samples using
phenol-chloroform, according to standard procedures. Mutation analysis of NPHSI and NPHS?2
was performed using PCR and direct sequencing. Primers were designed to cover the sequences
of all exons and introns adjacent to each exon of NPHS! and NPHS2, according to published
primer sequences (Lenkkeri et al., 1999; Tsukaguchi et al., 2002). PCR products were directly
sequenced with the ABI PRISM BigDye kit using the same amplification primers on an ABI
3100 DNA sequencer. Sequences were analyzed with the DNAStar software.

Fifty unrelated healthy volunteers were recruited as controls, including 29 males and
21 females, 10-60 years old, with a mean age of 35 years. The novel missense mutations of
NPHSI were investigated in the 50 healthy controls by direct sequencing.

RESULTS

No mutation of NPHS2 was detected in the parents. Two heterozygous single-base
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mutations (¢.2289C>T and ¢.2783C>A) of NPHSI were found in the father. While not pub-
lished previously, the ¢.2289C>T is a synonymous mutation less likely to cause disease. The
¢.2783C>A (Figure 2A) within exon 20 has not been previously reported; it causes a prema-
ture termination of translation, creating a truncated NPHS1 protein of 928 amino acids. This
truncated nephrin has lost the Ig8, FN-III and transmembrane domains, which can seriously
affect the function of nephrin protein. Thus, the ¢.2783C>A is speculated to be a nonsense and
causative de novo mutation.
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Figure 2. Sequencing of NPHS1. A. The novel nonsense mutation ¢.2783C>A (exon 20) in the father. B. The novel
missense mutation ¢.2225T>C (exon 17) in the mother. C. and D. The sequencing results for the fetus.

Two single-base mutations (c.349G>A and ¢.2225T>C) of NPHS1 were detected in the
mother (I-2). The ¢.349G>A is a common SNP according to the SNP Database. The ¢.2225T>C
(Figure 2B) within exon 17 causes an amino acid substitution (p.1742T). This previously un-
published mutation was not found in the 50 controls by direct sequencing and restriction analy-
sis. Its coded amino acid, located in Ig7 motif, was oriented adjacent to the reported common
pathogenic mutation ¢.2227C>T/R743C (Lenkkeri et al., 1999). Moreover, the mutation site is
highly conserved among humans and some other mammals. Therefore, the missense mutation
¢.2225T>C is speculated to be pathogenic, which has not been published previously.

Mutation analysis of NPHS1 was then performed for the fetus using an amniotic fluid
sample for prenatal genetic diagnosis. This revealed no mutation in exons 17 or 20, indicating
that the nonsense mutation ¢.2783C>A and the missense mutation ¢.2225T>C (Figure 2C and
D) were not inherited. Both of these mutations were absent in the 50 controls.

DISCUSSION

In 1998, mutations in NPHSI (AF035835) were first reported to be associated with
CNF by Kestild et al. (1998). So far, more than 138 different mutations of NPHS1, involving
mostly exons, have been published (Schoeb et al., 2010), of which two kinds of classical mu-
tations were most commonly found in Finnish patients, i.e., Fin_. (nt121delCT, L41fsX91)
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in exon 2 and Fin_ . (¢.3325C>T, R1109X) in exon 26. Up to date, only five mutations have
been described in Chinese, including one deletion (1983-1900del8) (Shi et al., 2005) and four
missense mutations (D310N, Q453R, R800C, V957L) (Shi et al., 2005; Mao et al., 2007). We
found two novel mutations, ¢.2783C>A and ¢.2225T>C in NPHSI, that caused CNF in a Chi-
nese family with no known Finnish ancestry. Information concerning the frequency and ethnic
distribution of known mutations will help us understand the pathogenesis of CNF.

The NPHSI gene consists of 29 exons and has a genomic size of 26 kb, the coding
region being 4.3 kb. The protein nephrin has 1241 amino acids and is homologous to cell adhe-
sion molecules (CAMs) of the immunoglobulin superfamily. Several CAMs have had diverse
functions in cell-cell or cell-matrix interactions attributed to them. CAMs have an extracellu-
lar domain of eight immunoglobulin-like modules, a fibronectin type III-like module, a single
transmembrane domain, and a cytosolic C-terminal end (Kestild et al., 1998). Nephrin plays a
significant role in promoting cellular contacts through direct nephrin-nephrin interactions due
to other slit diaphragm components’ contribution (Khoshnoodi et al., 2003). Phosphorylated
nephrin binds to Nck, which is an adapter protein, reorganizing the cell’s actin cytoskeleton in
podocytes (Jones et al., 2006).

We found that the Chinese family carried two disease-causing mutations of NPHSI,
i.e., a nonsense (c.2783C>A) and a missense (¢.2225T>C) mutation in the father and mother,
respectively. The nonsense mutation (c.2783C>A) results in a truncated nephrin molecule that
lacks the intracellular and transmembrane domains (Lenkkeri et al., 1999). The missense mu-
tation (c.2225T>C) in Ig7 might cause misfolding and defective intracellular transport, with
consequent absence of the mutant nephrin on the plasma membrane (Liu et al., 2001). Koziell
et al. (2002) reported that most mutations causing CNF with a serious clinical phenotype were
in Ig2, Ig4 and 1g7 of nephrin.

Based on the clinical diagnosis of CNF in the two deceased siblings (II-1 and 1I-3),
we presumed that they had inherited the father’s nonsense mutation and mother’s missense
mutation concurrently. Fortunately, the results of mutation analysis showed that both parent’s
pathogenic mutations were not inherited by and no novel causative mutation of NPHSI was
found in the current fetus (I1-4), who is hence unaffected with CNF. The fetus was born and
developed normally to the age of 240 days at the time we prepared this publication. Our find-
ings indicate that, even though CNF is not very common in China, it is important to include it
as a possibility in genetic counseling.
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