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Review

NEPHROTIC SYNDROME IN THE FIRST YEAR OF LIFE

CHRISTER HOLMBERG*

Nephrotic syndrome during the first year of life is an uncommon condition. Usually, it is caused by congenital defects in the
genes coding for the proteins most important for the glomerular filter. Most of the proteins which they code for which are known
today are located in the podocytes and are important for the function of the so-called slit membrane between the podocytes. In this
review the most common gene defects and the diseases they cause are discussed. NPHS1, causing lack of or a defective nephrin,
the main component of the slit membrane, leads to severe intrauterine proteinuria and is most common in Finland. NPHS?2 defects
influence podocin, which protein is important for intracellular signaling and has a scaffolding function in lipid rafts. Severe defects
may cause nephrotic syndrome and an FSGS type of histology already during the first year. WT1 mutations may cause severe prote-
inuria and symptoms from other organs and a DMS or FSGS like histology. LAMB?2 gene mutations again influence the interaction
with the basement membrane and cause eye, and neurological defects in addition to proteinuria. The most important malformation

syndromes with DMS and proteinuria in infancy and infections as well as therapy are also discussed.

Descriptors: CONGENITAL NEPHROTIC SYNDROME, NEPHRIN, PODOCIN, PROTEINURIA

Nephrotic syndrome during the first
year of life is rare and traditionally the
diagnosis has been based on histology
and classified as the so-called "Finnish
type" or as Diffuse Mesangial Sclerosis
(DMS). Histologically the Finnish type
has been characterized by dilated tubules
and clinically by normal renal function
for a longer time compared with DMS.
The Finnish type was a lethal disease
without any treatment prior to renal tran-
splantation. During the last decade's dia-
lysis in infancy and renal transplantation
already during the first years of life have
become treatment options for these chil-
dren. Thus, the prognosis has radically
changed.

Today, we also know a lot more
about the etiology of many diseases le-
ading to severe therapy resistant protei-
nuria and nephrosis during the first year
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of life. It all started with the isolation
of the NPHSI gene coding for nephrin
and causing Congenital Nephrosis of the
Finnish type (1). The basic defect had
always been suspected to be one of the
basement membrane which was believed
to be the main filter for the glomerular
filtrate. However, nephrin was expressed
on the podocytes, the epithelial cells,
and was the main component of the slit
membrane, which thus seems to be the
main filter. Immediately research was fo-
cused on the podocyte and additional ge-
nes have been characterized, mutations
of which cause proteinuria either during
the first year or later in life. Table 1 sho-
ws the most important diseases causing
Nephrotic Syndrome during the first year
of life. Of the genetic podocyte diseases
the most important ones in Europe are
NPHSI, NPHS2, WT1 and LAMB2 gene
mutations (2). In addition we see malfor-
mation syndromes or infections causing
proteinuria during the first year. The in-
cidence varies, for example in Finland
where NPHSI is accumulated it is by far
the most common cause whereas NPHS2
is more common in France and infecti-
ons in Turkey.

The glomerular filter
and the podocyte

The main constituents of the glo-
merular filter are the endothelium, the
basement membrane and the podocyte.
Normally, larger proteins for example al-
bumin are not filtered into the urine. Pro-
teinuria is a common symptom of renal
disease and of course all the constituents
of the filter have to work and their inte-
raction has to be in order for a normal
ultrafiltrate to be formed. Inflammatory
diseases of the endothelium may lead to
proteinuria as do diseases where the ba-
sement membrane is defective as in Al-
ports syndrome. However, the slit mem-
brane connecting the podocytes seems
to be the main component of the filter as
mutations in genes coding for its main
components or intracellular components
that interact with it cause severe protei-
nuria. Mutations in the NPHS1, NPHS2,
WTI1 and LAMB2 genes usually cause
nephrosis early in life, whereas mutati-
ons in the ACTN4, MYH9 and TRPC6
genes cause Focal segmental glomeru-
losclerosis and proteinuria in adulthood
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Table 1
Nephrotic syndrome in the first year of life

Tablica 1.
Nefrotski sindrom u prvoj godini zZivota

Podocyte dependent hereditary kidney diseases

NPHSI mutations

NPHS2 mutations

Congenital NS of the Finnish type

Autosomal recessive FSGS

WTI1 mutations

Denys Drash syndrome
Frasier syndrome

FSGS

LAMB?2 mutations

Pierson syndrome
DMS & eye anomalies

FSGS

Malformation syndromes with nephrotic syndrome

Galloway and Mowat syndrome

DMS and mental and/or intestinal malformations

Infections (CMYV, Syphilis, Toxoplasmosis etc.)

NPHS1, Congenital Nephrosis
of the Finnish Type

This is an autosomal recessive di-
sease accumulated in Finland where the
incidence is one in 8000 live births and
where it was described in 1956 (4). The
disease is characterized by intrauterine

onset of severe proteinuria and, probably
because of intrauterine hypoproteine-
mia, by a big placenta always exceeding
25% of the birth weight. Because of the
intrauterine proteinuria the alpha-feto-
protein concentration of amniotic fluid is
high. The patients have severe proteinu-
ria from birth with a serum albumin con-
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Figure 1

Age at diagnosis of NS in correlation to detected pathogenic mutation in NPHS1, NPHS2, WTI and
LAMB? in 89 children from 80 central European and Turkish families. From Hinkes B et al. (2).

Slika 1.

Vrijeme dijagnoze nefrotskog sindroma u korelaciji s otkrivenim patogenim mutacijama NPHSI,
NPHS2, WT1 i LAMB2 u 89 djece u 80 srednjeeuropskih i turskih obitelji. Od Hinkes B i sur. (2).
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centration <10 g/L and a urinary albumin
concentration >20 g/L. when the serum
concentration is corrected to about 15 g/
L. Earlier all patients died but today with
early diagnosis, supportive therapy (nu-
trition, albumin substitution, thyroxin,
anticoagulation), aggressive treatment of
infections, nephrectomy and renal tran-
splantation after 2-3 months on dialysis,
growth and development are normal (5).
The patients have a mutation in the nep-
hrin gene and in Finland the main mu-
tations are the Fin-major or Finn-minor
mutations which both lead to absence
of nephrin (6). Over 60 mutations have
today been reported from all over the
world and a few patients may react to
ACE-inhibitors (sometimes combined
with indomethacine) (7). Thus, non-Fin-
nish patients should be treated for 2-3
months.

Early in life the kidneys are swollen
on ultrasound and after 3-4 months the
typical histology with dilated tubules can
be seen. Later, when the patients go into
chronic renal failure during their second
year of life, kidney size is reduced and
the histology becomes one of end stage
renal disease (8). After renal transplan-
tation there is no recurrence of the basic
disease, but 30% of the patients homo-
zygous to the Finn-major mutation deve-
lop nephrin antibodies leading to severe
proteinuria which usually can be treated
with cyclophosphamide, in severe cases
combined with plasmapheresis (9).

NPHS2 gene mutations

In 2000 Boute et al. identified mu-
tations in the NPHS2 gene as the cause
of autosomal recessive steroid resistant
NS, which can present already during
the first year of life (10). Histologically,
these children showed Focal Segmental
Glomerulosclerosis (FSGS). The gene
product podocin interacts with nephrin
and has a scaffolding function in lipid
rafts (11). The patients present with seve-
re nephrotic syndrome, but go faster into
renal failure than those with NPHSI1 and
the histology is on of FSGS after the first
3-4 months. Interestingly patients with a
mutation in the NPHSI gene in one and
with a mutation in NPHS2 in the other
chromosome show FSGS (12).
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Figure 2

The glomerular filtration barrier from Kritz modification according to Endlich K et al (3). Update in
podocyte biology. Curr Opin Nephrol Hypertens, 2001, 10: 331-40.

Slika 2.

Kritz-ova modifikacija glomerulske filtracijske membrane prema Endlich K i sur. (3). Update in
podocyte biology. Curr Opin Nephrol Hypertens, 2001; 10: 331-40.

WT]1 gene mutations

This gene encodes the transcripti-
on factor Wilms tumor suppressor gene
1 which is important for urogenital and
gonadal development and activates and
up-regulates nephrin. Mutations in this
gene may cause the Denys Drash syndro-
me (with DMS, XY pseudohermaphro-
ditismus and Wilms tumors, the Frasier
syndrome (defined by FSGS, XY pseu-
dohermaphroditismus and gonadobla-
stoma, or just NS (13-15). From a renal
point of view these children may present
with severe proteinuria and NS in infan-
cy, have the other symptoms at different
ages but go into renal failure faster than
the NPHSI patients once proteinuria
starts. In the Denys Drash syndrome the
histology is one of DMS and in Frasiers
FSGS, thus it is varying but never one of
the Finnish type.

LAMB?2 gene mutations

Laminin beta2 is a component of the
glomerular basement membrane but also
found in other organs as the eye. Missen-
se mutations in the LAMB2 gene present

with a spectrum of symptoms reaching
from early onset NS to intermediate
phenotypes, whereas patients with trun-
cating mutations present with Pierson
syndrome (NS, DMS, eye anomalies and
mental retardation) (16, 17).

Malformation syndromes
and infections

Different congenital malformations
of the central nervous system, intestine,
deafness, hypoparathyroidism etc. may
be combined with NS during the first
year of life and the histology is usually
one of DMS. One of these is called the
Galloway and Mowat syndrome (micro-
cephaly, mental retardation, intestinal
defects, DMS (18). Infections like CMV,
syphilis, toxoplasmosis etc. may also be
combined with NS at early age and sho-
uld always be remembered and exclu-
ded as they can be treated medically in
contrast to the other ones were the only
therapy is one for chronic renal failure,
ultimately renal transplantation.

Differential diagnostic work up

If an infant presents with NS infecti-
ons should first be excluded and properly
treated if found. One should also look for
other malformations, neurological deve-
lopment and the caryotype. The Finnish
type is characterized by intrauterine on-
set and thus always with a big placenta
and severe proteinuria from birth. Re-
nal function is normal during the first
year of life and the child is otherwise
normal. If mental retardation or malfor-
mations are present the diagnosis is one
of Pierson syndrome (eye anomalies) or
the other syndromatic ones and the hi-
stology usually DMS. NPHS2 and WT1
mutations may lead to intrauterine onset
but usually present later. The histology
is DMS or FSGS. From a therapeutic po-
int of view a biopsy is not necessary and
is usually unspecific before the first 3-4
months of life. After that it can be made
to verify the diagnosis which usually can
be made based on the clinical picture and
mutation analysis. The genes to look at
are NPHS1, NPHS2, WT1 and LAMB?2.
Clinically the main difference is faster
development of end stage renal disease
in the others compared with NPHSI.

In all of these diseases good nutri-
tion, substitution of the protein losses,
anticoagulation, thyroxin supplementa-
tion and adequate nutrition are of main
importance. If the diagnosis is clear and
proteinuria severe nephrectomy can be
performed early in centers used to dialy-
sis in infants. After 2-3 months on dialy-
sis when the coagulation status has nor-
malized and protein deficiency has been
corrected renal transplantation with ex-
traperitoneal placement of the graft can
be performed in children with a weight
of over 9 kg. If the child not has any ot-
her defects except the renal disease, early
diagnosis, sufficient and aggressive con-
servative therapy, early dialysis and tran-
splantation are compatible with normal
growth and development (19).
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Sazetak
NEFROTSKI SINDROM U PRVOJ GODINI ZIVOTA

C. Holmberg

Nefrotski sindrom tijekom prve godine Zivota nije uobicajeno stanje. Obicno je prouzroceno prirodenim genskim defektom ko-
diranja proteina koji imaju vrlo vaznu ulogu u gradi glomerulskog filtera. Najveci broj proteina koje oni kodiraju, a koji su danas
poznati, smjesteni su u podocitima te su vrlo vazni za funkciju tzv. slit-membrane koja se prostire izmedu podocita. U ovom pregledu
raspravijeni su najcesci genski defekti i bolesti koje oni izazivaju. NPHS1 izaziva nedostatak ili promjene nefrina, glavne sastavnice
slit-membrane, s posljedicnom jakom intrauterinom proteinurijom. NajceSci je u Finskoj. Promjene NPHS2 rezultiraju promjenama
podocina, proteina koji je vazan za prijenos signala unutar stanice te ima funkciju podizaca lipida. Jake promjene mogu prouzrociti
nefrotski sindrom s histoloskim promjenama tipa FSGS ve¢ tijekom prve godine Zivota. Mutacije WT1 gena mogu prouzrociti jaku
proteinuriju i simptome na drugim organima te histoloske promjene tipa DMS i FSGS. Mutacije LAMB?2 gena djeluju na bazalnu
membranu s posljedicnom proteinurijom, ali uzrokuju ocne i neuroloske poremecaje. Raspravijeni su najvazniji malformacijski
sindromi s DMS i proteinurijom u dojenackom periodu, kao i njihovo lijecenje.

Deskriptori: KONGENITALNI NEFROTSKI SINDROM, NEFRIN, PODOCIN, PROTEINURIJA
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