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Nephrin is a major component of the glomerular filtration
barrier. Mutations in the nephrin gene (NPHS1) are responsible
for congenital nephrotic syndrome of the Finnish type (NPHS1).
Nephrin was at first thought to be podocyte specific, but recent
studies have suggested that nephrin is also expressed in nonrenal
tissues such as pancreas and CNS. We studied the expression of
nephrin in human and porcine tissues at different stages of
development and correlated these findings to clinical character-
istics of NPHS1 children. Immunofluorescence staining and
Western blotting were used to detect nephrin protein in frozen
tissue samples. Polyclonal antibodies against the intracellular
part of nephrin were used in these analyses. In situ hybridization
was used to detect nephrin mRNA in specimens from normal
human subjects and patients with NPHS1. Nephrin protein was
not detected in nonrenal tissues obtained from human and por-

cine fetuses, newborns, and infants. Likewise, nephrin mRNA
expression was not observed outside kidney glomerulus in nor-
mal or NPHS1 children. The phenotype analysis of NPHS1
children with severe nephrin gene mutations supported the find-
ings in the tissue expression studies and revealed no impairment
of the neurologic, testicular, or pancreatic function in a great
majority of the patients. The studies suggest that nephrin has no
major clinical significance outside the kidney. (Pediatr Res 55:
774–781, 2004)

Abbreviations
NPHS1, congenital nephrotic syndrome of the Finnish type
IF, immunofluorescence
RT-PCR, reverse transcriptase–PCR
EST, expressed sequence tag

Nephrin is a cell adhesion protein produced in kidney by the
glomerular epithelial cells (1). It is located at the podocyte slit
diaphragm, which is a crucial component of the glomerular
filtration barrier (2–4). Nephrin has 1241 amino acid residues
and belongs to the immunoglobulin superfamily containing
eight immunoglobulin-like domains and one fibronectin-type
domain in the extracellular part. The intracellular part has no
homology with other known proteins. It contains tyrosine
residues, and nephrin was recently shown to take part in cell
signaling together with two other podocyte proteins, podocin
and CD2-associated protein (5–10). The extracellular part of
nephrin interacts with Neph1, and the two proteins probably
form the backbone of the podocyte slit diaphragm (11–13).

Nephrin is encoded by NPHS1 gene located on chromosome
19q13.1 (14). This gene consists of 29 exons and has a size of

26 kb. Mutations in NPHS1 lead to congenital nephrotic syn-
drome of the Finnish type (NPHS1), which is an autosomal
recessive disorder characterized by nephrotic syndrome soon
after birth (15). The disease is highly enriched in the Finnish
population, but cases of NPHS1 are found all over the world
(16–18). The Finnish patients have two important mutations
(Fin-major and Fin-minor), which both lead to a truncated
protein and total absence of nephrin in kidney glomerulus (19).
In electron microscopy, these kidneys also lack the filamentous
image of slit diaphragm, supporting the central role of nephrin
in the architecture of the slit diaphragm (19).

The expression of nephrin was at first thought to be limited
to kidney (1). However, in rodents, activity of nephrin gene
promoter was observed in some parts of the CNS, such as the
ventricular zone of the fourth ventricle; the developing spinal
cord, cerebellum, hippocampus, and olfactory bulb; and � cells
of the pancreas (20, 21). In addition, the expression of nephrin
in murine testis, spleen, and thymus has been suggested (22).
In humans, nephrin has been located in pancreatic � cells but
not in the CNS (23). We studied the expression of nephrin in

Received May 12, 2003; accepted November 11, 2003.
Correspondence: Hannu Jalanko, M.D., Hospital for Children and Adolescents, Uni-

versity of Helsinki, 00290 Helsinki, Finland; e-mail: hannu.jalanko@hus.fi

DOI: 10.1203/01.PDR.0000117842.10241.2C

0031-3998/04/5505-0774
PEDIATRIC RESEARCH Vol. 55, No. 5, 2004
Copyright © 2004 International Pediatric Research Foundation, Inc. Printed in U.S.A.

ABSTRACT

774



human and porcine tissues using immunohistochemical, in situ
hybridization, and Western blotting techniques and analyzed
the clinical data of patients with NPHS1.

METHODS

Tissue samples. Human fetal samples were collected at
autopsy from fetuses at 14, 18, and 20 wk of gestation obtained
through prostaglandin-induced abortions as a result of trisomy
21 (Department of Obstetrics and Gynecology, University of
Helsinki). In this disorder, abnormalities have not been de-
tected in chromosome 19, where the gene for nephrin is
located. Tissue samples were also obtained at autopsies of a
newborn (died in sepsis) and five infants. Two human testis
samples came from orchiectomies of adult men (supplied by
Dr. Leo Dunkel) and one testis sample from a preterm baby (24
wk of gestation) who died of lung problems at the age of 2 wk.
Two of the infants had NPHS1 (Fin-major/Fin-minor geno-
types) and had died after renal transplantation at the ages of 2
and 3 y. Three infants died of congenital heart failure at the
ages of 4 mo, 6 mo, and 3 y. Porcine fetal samples were
obtained from aborted pregnancies at days 55 and 80 of
gestation (the total length of gestation is 114 d). In addition,
samples from newborn and a 6-mo-old pigs were used.

The use of the tissue samples and the study protocol were
approved by the ethical committees of the Department of
Obstetrics and Gynecology and the Hospital for Children and
Adolescents of the University of Helsinki. All human studies
were conducted with informed consent.

Immunofluorescence staining. Rabbit polyclonal antiserum
directed against the intracellular part of nephrin molecule was
used for the immunohistochemistry of nephrin. This antiserum
was prepared as described previously (24). It was completely
specific for nephrin and did not give any immunofluorescence
(IF) staining for nonglomerular structures even in low dilu-
tions. One polyclonal antiserum and three MAb preparations
against the extracellular domains of nephrin (3, 24) were also
tested but not used in the IF. These gave a slight background
staining on nonglomerular epithelial structures, suggesting
cross-reactivity with epitopes in other proteins. Polyclonal
guinea pig anti-insulin antiserum (A0564; Dako Corporation,
Carpinteria, CA, U.S.A.) was used as a positive control in
immunohistochemistry of human and porcine pancreas.

For the IF stainings, cryosections (5 �m) of the tissue
samples were fixed with 3.5% paraformaldehyde and incubated
overnight at 4°C with antibodies diluted in PBS. FITC-
conjugated secondary antibodies (Jackson ImmunoResearch
Laboratories, West Grove, PA, U.S.A.) were incubated for 1 h.
Each incubation was followed by three 5-min washes with
PBS. Stained sections were mounted in Mowiol (Calbiochem,
La Jolla, CA, U.S.A.). Sections used for control were incubated
in PBS instead of a primary antibody. Hematoxylin-eosin
staining was done parallel with IF to consecutive sections to
ensure that the sections contained a representative area of the
tissue in question. The sections were examined with a standard
Leica DM RX light microscope.

Western blot analysis. Tissue samples were homogenized
with Ultra-Turrax (Rose Scientific Ltd., Alberta, Canada) in

Laemmli sample buffer, and the proteins were separated on a
gel (7%) and blotted onto an Immobilon-P polyvinylidene
fluoride membrane (Millipore, Bedford, MA, U.S.A.). After
blocking with 5% nonfat dry milk in PBS, the membrane was
stained with rabbit anti-nephrin antibodies followed by perox-
idase-conjugated goat anti-rabbit IgG antibodies (Jackson Im-
munoResearch). Bound antibodies were visualized using en-
hanced chemiluminescence (Amersham Biosciences, Uppsala,
Sweden). The same antibody preparation was used for Western
blotting and IF.

In situ Hybridization. Formalin-fixed, paraffin-embedded
sections (10 �m) were deparaffinized in xylene, rehydrated in
decreasing alcohol series, and treated with proteinase-K
(Sigma Chemical Co., St. Louis, MO, U.S.A.) before hybrid-
ization. Thereafter, the sections were subjected to in situ
hybridization as described previously (25), with some modifi-
cations. Briefly, the tissue sections were washed in PBS,
acetylated and dehydrated, and then incubated with 1.2 � 106

33P-labeled (1000 Ci/mmol; Amersham, Arlington Heights, IL,
U.S.A.) antisense and sense riboprobes in a total volume of 80
�L at 60°C for 18 h. After washes with standard saline culture,
RNA digestion, and dehydration, the sections were dipped in
NTB2 nuclear emulsion (Kodak, Rochester, NY, U.S.A.) and
exposed in the dark at 4°C for 1 or 2 wk. After developing, the
sections were counterstained with hematoxylin and eosin. Mi-
croscopy was carried out with a standard Leica DM RX light
microscope.

The probes for in situ studies were synthesized by subclon-
ing a 287-bp cDNA fragment corresponding to exon 10 in
human NPHS1 into pBluescript (Stratagene, La Jolla, CA,
U.S.A.), and antisense and sense RNA were produced using T3
and T7 RNA polymerase, respectively.

Clinical data on NPHS1 children. Totally 56 children with
NPHS1 have received kidney transplants since 1987 in Fin-
land. The clinical records of these children were analyzed
retrospectively, and the data regarding the neurologic find-
ings and pancreatic function were recorded. For studying the
function of pancreatic � cells, an oral glucose tolerance test
was performed on 36 NPHS1 patients and 25 other kidney
transplant patients 1 to 5 y after renal transplantation. The
test was done according to standard protocols, and blood
glucose and serum insulin levels were recorded for 2 h at
30-min intervals.

For elucidating the testicular function, serum sex hormone
levels were measured from eight 15- to 17-y-old boys who had
NPHS1 and had received a kidney transplant in infancy. Con-
trol group consisted of 10 age-matched boys who had received
kidney transplants for other reasons. All patients were treated
in our hospital and were given the same immunosuppressive
medication (cyclosporin A, methylprednisolone, and azathio-
prine). Before analysis, the serum samples of NPHS1 patients
and control subjects were stored at �20°C. FSH, LH, testos-
terone, and inhibin B levels were measured by RIA or ELISA
method (26). The pubertal developmental stage was physically
examined at the time the serum sample was taken and was
recorded according to Tanner (27).
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RESULTS

Nephrin in normal tissues. The polyclonal antiserum raised
against the intracellular part of human nephrin gave a bright
linear IF staining in human kidney glomerulus as shown in
Figure 1A. These antibodies also reacted strongly with porcine
nephrin and gave similar staining pattern in pig kidney samples

(Fig. 1F). In contrast to this, no immunoreactivity was seen in
31 tissues samples from nonrenal organs obtained from
fetal, newborn, or infant period as summarized in Table 1
and Fig. 1B–E, G–J. Similarly, Western blot analysis of 30
nonrenal tissue samples was negative for nephrin protein
(Table 1, Fig. 2).

In situ hybridization for nephrin mRNA was performed on
human tissue samples using a probe detecting the extracellular
part of nephrin. An intense signal was seen in kidney glomer-
ulus but not in the other 21 tissue samples studied (Table 1,
Fig. 3).

Findings in NPHS1 patients. NPHS1 children with Fin-
major and Fin-minor mutations do not express nephrin in
kidney glomerulus (16), but in situ hybridization for nephrin
mRNA gives normal signal (Fig. 4). On this basis, in situ
hybridization was performed on tissue samples obtained from
autopsies of two NPHS1 children. Samples from pancreas,
cerebral cortex, cerebellum, liver, spleen, thyroid gland, lung,
heart, liver, and adrenal gland were available and remained
negative for nephrin mRNA (Fig. 4).

Clinical records on 56 NPHS1 children with a kidney trans-
plant were analyzed, and the data on neurologic findings and
testicular and pancreatic function were recorded. Four (8%) of
the children had dyskinetic cerebral palsy disorder with dys-
tonic features and athetosis. The symptoms had started in the
neonatal period and remained after the kidney transplantation.
The great majority of the children (92%) did not have problems
in motor or sensory function.

No NPHS1 children had developed diabetes before or after
kidney transplantation. Oral glucose tolerance test was per-
formed on 36 NPHS1 patients 1–5 y after kidney transplanta-
tion. No difference in the serum insulin or glucose levels was
observed in NPHS1 patients compared with children who had
received kidney transplants for other reasons (Fig. 5).

The pubertal development and testicular function were eval-
uated in eight male NPHS1 adolescents (Table 2). Six of the
eight boys had normal physical gonadal findings as well as
normal levels of serum LH, FSH, testosterone, and inhibin B.
Two boys had low levels of inhibin B, suggesting impaired
Sertoli cell function. One had an increased FSH and a de-
creased inhibin B level with a small right testis. The other had
a decreased level of inhibin B and markedly increased LH and
FSH levels.

DISCUSSION

Nephrin is a podocyte protein that has a crucial role in
ultrafiltration of plasma in kidney glomerulus (2, 28). Muta-
tions in the nephrin gene lead to congenital nephrotic syn-
drome, and the protein may also play a role in acquired kidney
diseases (29, 30). Thus, understanding the biology of nephrin
seems important for pediatric nephrology. In this work, we
studied the tissue expression of nephrin in human and pig using
immunohistochemistry and in situ hybridization. In contrast to
the findings in rodents, no nephrin could be detected outside
kidney glomerulus by these methods.

Nephrin expression has previously been reported in CNS,
pancreas, and some other tissues in mice (20, 21, 31) as well as

Figure 1. Immunohistochemical staining for nephrin on human (A–E) and
porcine (F–J) tissues. A strong positive staining is observed in normal glo-
meruli: kidney of human fetus (14 wk A) and kidney of a newborn swine (F).
All human extrarenal tissues examined were negative: pancreas (B), cerebel-
lum (C), spinal cord (D), and liver (E). Accordingly, no staining was seen in
swine extrarenal tissues: pancreas (G), roof of the fourth ventricle (H), testis
(I), and choroid plexus (J). The inserts in B and G represent consecutive
sections stained for insulin.
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in pancreas in human (23). Putaala et al. (21) studied this
expression by setting a bacterial lacZ gene as a reporter for the
murine NPHS1 promoter (32). In addition to glomerular podo-
cytes, the reporter gene was present in the brain and pancreas
of nephrin-deficient mice. In CNS, the gene was localized to
the ventricular zone of the fourth ventricle and the developing
spinal cord, cerebellum, hippocampus, and olfactory bulb. In
the cerebellum, the expression was seen in radial glial cells.
With a similar method, Moeller et al. (31) could detect murine
NPHS1 promoter activity at the murine medulla oblongata and
cerebellum. The expression of nephrin mRNA in various tis-
sues of mice has also been investigated by the reverse tran-
scriptase–PCR (RT-PCR) method, and a high level of nephrin
mRNA could be detected in the testes of 1- to 6-wk-old mice.
In situ hybridization revealed the expression of the nephrin
gene in the Sertoli cells. In addition, immunofluorescent stain-
ing studies showed that nephrin was colocalized with anchor-
ing protein ZO-1 in the mouse testis (22). In an RNA dot blot
analysis of human tissues, nephrin mRNA was detected in
kidney and pancreas but not in CNS. This finding was sup-

ported by the results from RT-PCR and immunohistochemical
studies, and the precise location of the expression was the �
cells at the islets of Langerhans (23).

Previously, no systematic analysis of the tissue expression of
nephrin protein has been performed. An important issue in this
type of study is the specificity of the detection method. We
chose immunofluorescence staining of the frozen tissue sam-
ples because the antigenicity of the protein in IF is well
preserved. Also, the problem with the background staining is
small compared with the immunoperoxidase staining. The
rabbit polyclonal antibody directed against the intracellular
part of nephrin was selected among various antibodies for the
stainings (19, 24, 33, 34). Mouse MAb and rabbit polyclonal
antiserum directed against the extracellular domains of nephrin
were excluded because of their inconsistent staining properties.
The extracellular Ig domains may share epitopes with other
members of the Ig superfamily and cause cross-reactivity (35).
The intracellular part of nephrin has no homology with other
known proteins, which may explain the specificity of the
antibody preparation used in the study.

Table 1. IF staining, Western blotting and in situ hybridization for nephrin in human and swine tissues

Tissue

Human Swine

Fetus Newborn Infant Fetus Newborn 6 Months

IF WB ISH IF WB ISH IF WB IF WB IF WB

Kidney � � � � � � � � � � � �
Pancreas � (5) � (1) � (3) � (5) � (1) � (4) � (6) � (1) � (8)* � (1) � (2) � (2)
CNS

Cerebral cortex � (3) � (4) � (12) � (3) � (1) � (2)
Cerebellum � (2) � (3) � (5) � (1) � (2) � (9) � (1) � (6) � (1) � (2) � (2)
Spinal cord � (3) � (1) � (1) � (9) � (1) � (10) � (1) � (3) � (2)
Pons � (2) � (2) � (5) � (1) � (3) � (6) � (2)
Thalamus � (1) � (3) � (2) � (2) � (2)
Hypothalamus � (2) � (3) � (1) � (3) � (1)
Medulla oblongata � (3) � (2) � (5) � (1) � (9) � (1) � (1) � (1)
Fourth ventricle � (2) � (1) � (2)
Lateral ventricle � (1)
Choroid plexus � (1) � (1) � (2) � (1)
Corpus callosum � (3) � (1)
Nucleus caudatus � (2) � (1)
Olfactory bulb � (4) � (2) � (2)

Heart � (2) � (1) � (2) � (4) � (1) � (2) � (3) � (1)
Spleen � (3) � (1) � (4) � (3) � (2) � (3) � (1)
Adrenal cortex � (2) � (1) � (1) � (2) � (1)
Thymus � (3) � (1) � (2) � (3) � (1)
Lung � (2) � (2) � (2) � (1) � (4) � (4) � (2) � (1)
Liver � (3) � (3) � (2) � (4) � (1) � (6) � (2) � (1)
Stomach � (2) � (1) � (3) � (1)
Gallbladder � (2) � (1)
Urinary bladder � (1) � (2) � (2)
Small intestine � (2) � (2) � (3) � (2) � (2)
Large intestine � (1) � (2) � (2) � (2) � (1)
Skin � (2) � (2) � (2) � (1)
Skeletal muscle � (2) � (1)
Bone � (2) � (2)
Ovario � (2) � (1)
Testis � (1) � (2)† � (1) � (5)
Thyroid gland � (4)
Lymph node � (3)
Placenta � (2) � (2) � (2)

�, positive for nephrin; �, negative for nephrin; ISH, in situ hybridization; WB, Western blotting.
* The caput, corpus, and cauda were examined.
† Adult testis samples from orchiectomies.
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In addition to the specificity, the sensitivity of the detection
system is important in the tissue expression studies. The de-
tection level of the IF method is limited because of the low
number of fluorochromes that can be conjugated to one stain-
ing antibody. Studies on the lymphocyte receptors have shown
that, although several hundred to thousand antigens per cell are
required for the visualization, functionally important molecules
can be expressed at lower copy numbers (36). Thus, it is clear
that the presence of small amounts of nephrin in nonrenal
tissues cannot be excluded by the IF method. However, it
seems unlikely that nephrin would have a similar crucial role in
cell–cell interactions as we see in kidney glomerulus, where
the clustering of nephrin on the podocyte surface gives a bright
signal in IF.

The lack of nephrin expression in nonrenal tissues was
supported by the in situ hybridization for nephrin mRNA. The
probe used in these experiments gave intense and specific
signal for kidney glomerulus in our earlier studies (19, 24, 33,
34). It corresponds to exon 10 in human NPHS1 gene, which
encodes for the fourth extracellular Ig domain of nephrin. In
some previous studies, the presence nephrin mRNA in tissue
samples was studied by the RT-PCR assay (22, 23), which
clearly is a more sensitive method than in situ hybridization.
However, it may easily give false-positive results. We analyzed
fresh tissue samples from two newborn pigs with RT-PCR and
obtained positive bands also in extrarenal tissue. The results,

Figure 2. Western immunoblotting for nephrin on tissues of fetal and
newborn human. The only band comes from kidney extract used as a positive
control.

Figure 3. In situ hybridization for nephrin on tissue sections of human fetus
(A–D) and infant (E–H). An intense signal is seen in kidney (A and E), but no
signal above background is found in pancreas (B, F), cerebellum (C), thalamus
(D), spleen (G), and cerebral cortex (H). E is a larger magnification of a
glomerulus.

Figure 4. Bright and dark field views of in situ hybridization on tissues of
NPHS1 patients. High content of nephrin mRNA is obvious in kidney glo-
merulus (A and B). The islet of Langerhans (C and D) and the cells of
cerebellar cortex (E and F) do not express noticeable amounts of nephrin
mRNA.
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however, were inconsistent in repeated experiments, and firm
conclusions could not be made.

Another way to acquire information about the expression of
nephrin mRNA is to search nephrin expressed sequence tags
(ESTs) from databases. Nephrin ESTs were found from six
tissues or cell lines: endometrial adenocarcinoma cell line of
human uterus, normalized library of human islets of Langer-
hans, human Wilms’ tumor, and human lung carcinoma, as
well as mouse kidney and “whole joints” of mouse. It is
interesting that there was a hit from human pancreas but no hits
from human kidney or mouse tissues that are known to express
nephrin, such as the CNS. It is also noteworthy that there was
only one hit (from one library) per each tissue. On the other
hand, a normalized library does not reflect transcript levels in
a tissue. Drawing conclusions from the search results therefore
is difficult. On the basis of our results and the data on nephrin
ESTs, the presence of small amounts of nephrin mRNA in
nonrenal tissues cannot be excluded or confirmed. However, a
poor correlation between the cellular level of mRNA and its
protein product is a known phenomenon, and from the biologic
point of view, the expression of nephrin protein is the major
issue.

The possible expression of nephrin in the CNS and pancreas
is interesting in biologic and clinical respect. Clinical syn-
dromes that affect both kidney and brain are not rare in
pediatric nephrology. Conversely, the expression of nephrin on
the surface of pancreatic � cell and podocyte slit diaphragm
might suggest some role for this protein in the pathogenesis of
diabetic nephropathy (23). The biologic relevance of protein
expression is often shown in knock-out mice. In the case of
nephrin, this is hampered by the fact that nephrin-deficient
mice die within 24 h after birth (21). Instead, human NPHS1
patients receive kidney transplantation and the nonrenal fea-
tures can easily be evaluated. Finnish patients are especially
suitable for this because only two mutations (Fin-major and
Fin-minor) account for the disorder in this population. Both
mutations lead to a truncated protein, which is not expressed in
the kidney glomerulus (19).

Our previous evaluation of nephrotic infants with NPHS1
did not reveal major nonrenal manifestations (19). In this work,
we further analyzed the pancreatic and testicular functions as
well as neurologic findings in NPHS1 children who had re-
ceived a kidney transplant. The children responded normally in
the glucose tolerance test and did not show tendency for
hyperglycemia, although diabetogenic drugs, such as cyclo-
sporin A and tacrolimus, were used after kidney transplanta-
tion. Thus, the synthesis of insulin by the pancreatic � cells
seemed normal in the children. Also, the great majority of the
children were neurologically normal. Four of the 56 children,
however, had dyskinetic cerebral palsy with severe muscular
hypotonia and vigorous dystonic and athetoid movements,
which would fit to impaired function in basal ganglia. The
reason for this neurologic defect is still unclear, but it is
possible that these patients have another inherited disorder with
a low penetrance. The clinical signs show resemblance to
mitochondrial diseases, and the analysis of mitochondrial
genes in these children is in progress. None of the children had
clinical symptoms that would indicate pathologic lesions in
cerebellum, spinal cord, olfactory bulb, or the hippocampal
area. These regions have previously been reported to express
the nephrin gene in mice (20, 21). In a recent study by
Beltcheva et al. (37), nephrin was also expressed diffusely in
the murine cerebral cortex and choroid plexus. Some NPHS1
patients who received a transplant in infancy have abnormal
electroencephalograms and problems in cognitive performance
at school age. These, however, are associated with the pre-
transplantation complications, such as hypertensive crises, sei-
zures, and cerebral infarcts (38). Approximately 80% of
NPHS1 children attend normal school. Similarly, NPHS1 pa-
tients do not have permanent problems (overproduction) in the
circulation of the cerebrospinal fluid as determined clinically or
by magnetic resonance imaging of the brain (38).

Liu et al. (22) previously detected nephrin in murine Sertoli
cells and suggested that the protein might be an important
component of the barrier system in testes. This finding has not
been repeated in mice or humans. So far, we do not have
information on the fertility in NPHS1 because the oldest
Finnish patients are in puberty. Clinically, the pubertal devel-
opment of male and female NPHS1 adolescents seems normal.
In this work, we found normal testicular function in six of the

Figure 5. Oral glucose tolerance test in patients with NPHS1. Mean values of
blood glucose (A) and serum insulin (B) levels in NPHS1 (F) patients are
practically identical to the values of control subjects (E). The difference is not
statistically significant at any time point (p � 0.05 by unpaired t test).
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eight pubertal NPHS1 boys. Inhibin B is of special interest here
because a negative feedback regulation between the Sertoli
cells and the pituitary is established around midpuberty as
inhibin B begins to regulate FSH production (39, 40). More-
over, male adults with spermatogenic arrest have lower inhibin
B levels than the normal male population (40). Two of the boys
had inhibin B levels below the normal range. No specific cause
could be identified from patient records to explain this finding.
However, the fact that most adolescents with NPHS1 had
normal testicular function suggests that the disorder is second-
ary to the heavy medication and complications rather than
caused by nephrin gene mutations.

In conclusion, the findings presented show that nephrin
protein or mRNA is not expressed in significant quantities
anywhere else but kidney glomerulus in human and pig. The
tissue expression studies were supported by the phenotype
analysis of NPHS1 patients who do not show major nonrenal
signs or symptoms.
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