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Genotype/phenotype relationship in mild congenital nephrotic
syndrome

Onnoc n3melyy renotuna u ¢peHoTurna y 6;1arom KOHFeHUTATHOM He(POTCKOM

CUHIPOMY

SUMMARY

Introduction Congenital nephrotic syndrome (CNS)
is a severe disease complicated by hemodynamic
instability, infections, thrombosis, growth disorder
and progressive renal failure leading to end-stage
kidney disease (ESRD) within a few years. The
mutations of NPHS1 encoding nephrin is the most
common cause of the CNS.

The aim of this paper was to present a patient with
NPHS1 homozygous Ser350Pro missense mutation
that unexpectedly caused a mild clinical course of
CNS.

Case outline The patient is a girl who was diagnosed

with severe nephrotic syndrome at 2.5 months of age.

While waiting for the result of the genetic analysis,
she was treated unsuccessfully with corticosteroids
and angiotensin converting inhibitor (ACEI) four
weeks, and then under Cyclosporine A (CsA) and
ACEI she achieved partial remission within three
months. Initially, the milder clinical course was
explained by the positive effect of CsA, but as partial
remission persisted even after the discontinuation of
this drug, it remains unclear what influenced the
improvement of the clinical course of the disease. At
the time of writing this paper, the patient was 10.9
years old with normal serum creatinine, normal
blood pressure and non-nephrotic proteinuria.
Conclusion/NPHS1 homozygous Ser350Pro
missense mutation may be presented by a mild
clinical course of CNS. Further studies are needed to
clarify a more predictive CNS genotype/phenotype
relationship.

Keywords: NPHS1 gene; nephrin; hereditary
nephrotic syndrome; infant

INTRODUCTION

CAXKETAK

¥YBoa Korreanranan vedporcku cuaapom (KHC) je
Tenka 00JIeCT KOMIUIMKOBaHA XeMOJMHAMCKOM Hec-
tabunHomhy, nHbeknrjama, TpomO030M, mopemeha-
jeM pacTta u nporpecujoM O0yOpexxHe HHCY(QHULIjEeH-
mgje 1o TepMuHaIHOT cTanujyma (TBH) ypoxy ox
Hekonuko roaunHa. Myranuje NPHS1 koju konvpajy
HedpuH cy Hajuemhn y3pok-KHC-a.

L{nb oBoOT paja je a ONUIIEMO HalUjeHTa ca
xomo3urorHoM NPHS1 Ser350Pro missense
MYTAIIMjOM KOja je HEOUeKHBaHO U3a3Bajia Oyaru
kinHuuky Tok KHC-a.

IIpuka3 6oaecanka [Ipuka3an je ciydaj IeBOjUHIIC
K0joj je ca 2,5 Mecella AWjarHOCTUKOBAaH TEIIKH Hed-
POTCKH CHHAPOM. JIOK je YeKama pe3ynTaT FeHeTHIKe
aHanm3e, JeBOjUNIIA je YSTHPH Helelbe 0e3yCIentHo
Jie4eHa KOPTHKOCTEPOHIMMA U HHXHOUTOPOM aHTHO-
TeH3uH koHBepTupajyder easuma (ACEl), a 3atum je
no nukocriopuaoM A (CsA) u ACEI mocturia se-
JMMUYHY PEMHCH]Y Y POKY OJ1 TpH Mecera. Y mover-
Ky ce OJIaKu KIIMHUYKH TOK 00jallibaBao MO3UTHB-
HUM JICjCTBOM HUKJIOCIIOPHHA, ajli KaKO je IeTMMHY-
Ha peMucHja TpajaJia U 1ocje yKu/ama OBOT JIeKa,
0CTaje HejaCHo IITa je YTUIANo Ha Mo00JbIIame
KIMHHYKOT TOKa GoyecTH. Y BpeMe Micamba OBOT
pana, manyjeHTkumka je umana 10,9 roquna, HOpMa-
JIaH KpeaTHHHH cepyMa, HOpMaJlaH KPBHU MPUTUCAK
U He-He(ppOTCKY MPOTCHHYPH]Y.

3akmyuak NPHS1 xomo3urorra Ser350Pro
MisSSense MyTamuja ce MOXKe MCIIOJbUTH GIIariM KITH-
uuukuM TokoM KHC. TTotpebHe cy mabe cTyauje aa
Ou ce pa3jacHHUO IPEIUKTUBHH OHOC n3Mel)y reHo-
THNA U GEHOTHIA Y KOHTEHUTATHOM HE(PPOTCKOM
CHHJIPOMY.

Kibyune peun: NPHS1 ren; nedpuH; xepeautapHu
HE(PPOTCKH CHHIIPOM,; OJI0j4e

Congenital nephrotic syndrome (CNS) is a heterogeneous group of disorder characterized
by massive, nephrotic proteinuria, hypoalbuminemia, and edema, manifested in utero or during
the first three months of life. CNS consequences are numerous including hemodynamic

instability, infections, thrombosis, growth disorder and progressive renal failure leading to end-
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stage renal disease (ESRD) usually in the early childhood [1].

In most cases the CNS is caused primarily by the underlying genetic abnormality related
to structural and regulatory proteins of the glomerular filtration barrier [2, 3]. However, it can
rarely be secondary, caused by congenital infections (syphilis, cytomegalovirus infection,
toxoplasma, rubella, pertussis, immunodeficiency virus infection, malaria, hepatitis B) or due
to immune disease of the mother [3-6].

Nowadays, genetic diagnosis of hereditary CNS is possible in 85%; More than 80% of
genetic causes of CNS include mutations of the genes NPHS1, NPHS2, WT1, PLCE1 and
LAMB2, while other less commonly mutated genes account-for.an additional ~5% of CNS
diagnoses [2]. The mutations of NPHS1 or NPHS2 are the most common causes of the CNS
[2, 7]. An established genetic diagnosis of the'CNS has a great influence on its management
and prognosis. Since CNS is almost always.a‘ serious disease that is resistant to
immunosuppressive therapy, management is very challenging and may require daily albumin
infusions and intensive symptomatic treatments, but when optimal conservative measures are
not successful to avoid complications, early unilateral or bilateral nephrectomy may be
indicated [4]. Therefore, most children require renal replacement therapy in early childhood
and the mortality rate is'high [1, 4, 8]. However, although patients with CNS most often have
an inevitable rapid progression to ESRD, extremely rare milder cases of the disease indicate
that genetic diagnosis is not always reliable for predicting the clinical course of CNS [9, 10].

The aim of this report was to present our patient with NPHS1 homozygote Ser350Pro
missense mutation that unexpectedly manifested a mild clinical course. By this we wanted to

point out the possible variations of the CNS genotype—phenotype relationship.

CASE REPORT

The patient is a girl who was diagnosed with severe nephrotic syndrome at 2.5 months
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of age (Table 1). Her placenta was noticed to be enlarged. Parents denied consanguinity. An
infectious or immunological etiology of the CNS was ruled out by appropriate investigations.
A kidney biopsy was performed, which showed immature glomeruli with a mild degree of
mesangial cell hypercellularity and microcystic dilatation of proximal tubules. A genetic
analysis was requested abroad and homozygous NPHS1 (NM_004646.4) c.1048T>C (p.
Ser350Pro) missense mutation was reported. Due to hemodynamic instability caused by severe
hypoalbuminemia, the patient required daily albumin infusions through a central venous
catheter, which was changed several times due to infections. In addition; the patient received
diuretics, vitamin D, thyroxin, and iron, as well as anticoagulants, gamma globulin replacement
and antibiotics during frequent infections. Angiotensin-converting enzyme inhibitor (ACEI)
was introduced into therapy in the third month of life, and corticosteroids from the seventh
month for 4 weeks, without improvement of the disease. Cyclosporine A (CsA) treatment was
then initiated with continuing ACEI, and partial remission was achieved within 3 months,
together with resolving the need for albumin infusion. CsA and ACEI continued for the next
four years. From the fourth to the ninth year of life, the girl was lost from medical follow-up
because the situation.in'the family worsened due to the mother's illness (severe depression that
required long-term hospital treatment), which most likely caused her not to receive regular
medication , including CsA. At the most recent check-up, after the improvement of the mother's
illness, the girl was 10,9 years old, body height was (BH) 125 cm (-2.85 z), body weight 28,5
kg (-1.36 z), BMI 18,2 kg/m2 (0.37 z). Her short stature may not only be the result of a chronic
disease, but also the influence of genetics, as both parents are short. She was normotensive,
without edema. Her serum creatinine was normal as well as serum protein, and her proteinuria
was in non-nephrotic range (416.8 mg/24h) (Table 1).

Ethical approval was granted by the local Ethics Committee of the General Hospital of

Novi Pazar. The number of the ethical approval is 3498/2023. A signed, informed parenteral
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consent was taken for publishing this report.

DISCUSSION

It is very well known, that an established genetic diagnosis of the CNS has a great
influence on its management and prognosis; in genetic forms of CNS the ‘use of
immunosuppressive drugs should be avoided and renal biopsy is not necessary [4, 6]. However,
the genetic diagnosis is not always able to reliably indicate the severity of the disease, which
has a great impact on the treatment of the disease and its acceptance by the patient and parents.
Variable disease penetrance can be a function of the specific.mutation(s) involved or of allele
dosage as well as the modulating influence of additional genetic variants but may also reflect
the action of unlinked modifier genes, epigenetic changes or environmental factors [11].

While waiting for the genetic diagnosis, we tried treatment with corticosteroids without
success, and then with CsA, during which a partial remission occurred and the need for albumin
infusions ceased. The decision to introduce CSA in our patient was motivated by numerous
problems in our patient related to daily intravenous albumin infusions, as well as reports on the
favorable effect of CsA in hereditary nephrotic syndrome, which is explained by its ability to
stabilize the actin cytoskeleton beyond its immunosuppressive effects [12-14]. In the previous
report-on our patient [15], the favorable course of the disease was mainly attributed to the
effects of ACEI and CsA. However, since the patient was under very low and irregular doses
of cyclosporine for the next six years, its influence on the course of the disease is not entirely
clear. The antiproteinuric effect of ACEI cannot be underestimated but she received the drug
in a small dose and probably irregularly. When everything is considered, it seems most likely
that the NPHS1 genetic disorder had the primary and decisive influence on the milder course
of the disease in our patient. NPHS1 gene is localized to chromosome 19q13.1 and encodes for

nephrin protein, which is a fundamental constituent of the slit diaphragm, and plays a crucial
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role in cell signaling [16]. Patrakka et al found that most NPHS1 patients have the negative
nephrin expression as well as the lack of slit diaphragm in kidneys that strongly indicate the
total lack of functional nephrin in these patients causing massive proteinuria [17]. Only 1 out
of 46 their patients with CNS had some nephrin expression retained in the kidneys associated
with a mild CNS clinical course (Table 2). The authors suggested nephrin expression to be
predictive for the favorable course of NPHS1 disease [17]. This way of predicting the clinical
course of the disease is generally not applied in clinical practice, and the findings.of genetic
analysis are mainly used. Table 2 presents other patients reported in the literature with a mild
CNS clinical course. The homozygous missense mutation_in exon 9 of the NPHS1 gene
designated as Ex9: ¢.1048T>C p. (Ser350Pro) was demonstrated in our patient. This mutation
was first reported by Lenkkeri et al in 1999 [18]. To our knowledge, this homozygous mutation
is not known to cause benign CNS except in our patient. Espinosa et al reported their patient
who had spontaneous CNS remission at 6 months of age with an NPHS mutation identical to
our patient (c.1048T>C (p. Ser350Pro) in exon 9) in one gene and different one in the other
gene (c.3478C>T(p. Arg1160Ter) in exon 27) [19]. Wong et al performed NPHS1 mutation
analysis in 19 patients, five Caucasian patients and 14 Maori patients with a highly variable
and protracted timeline'to ESRD with median renal survival of 30 years versus 0.7 years in
Caucasian patients [9]. Authors from China described complete remission of CNS under
corticosteroid therapy in a girl who had heterozygous NPHS1mutation [20]. In Turkish study
no association between the NPHS1 mutation type (protein truncating or missense) and survival
or age at diagnosis was found, but the patients with mutations affecting transmembrane or
intracellular domains of nephrin in >1 alleles had a significantly longer survival time than
patients with mutations affecting the extracellular domain in both alleles [7].

It can be concluded that NPHS1 homozygous Ser350Pro missense mutation may be

presented by a mild clinical course of CNS. More data are needed before the question of
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phenotype/genotype correlations in CNS can be addressed.

Conflict of interest: None declared.
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Table 1. Trends of renal function, serum protein, proteinuria and therapy over time
eGFR serum serum Urine - Captopril o
(mf)\r?fhs) (“;C;rl ) (ml/min./1.73 | albumin | protein | protein/creatinine zzﬂﬁ:x (ma/kg (mg /E;QW Iday)
m2) (g/l) (g/l) (mg/mg) BW/day)
25 15 134.7 9 37 28.2 - - -
7.3 25 100.8 37 62 32.8 129g/24h 0.4 -
9 28 95 26 55 33 129/24h 0.4 6.2*
10.5 3540 76.6 31 60 3.6 129/24h 0.6 5.8
12 33-83 84.8 31 63 5 - 0.9 4.5
18 26 139.4 23 55 3.6 - 0.7 4.6
20.5 25-40 148 18 53 4.9 - 0.9 7.2
24 21 184.3 18 51 4.9 - 1.2 6.6
30 27 153.3 18 54 4 - 1.2 6.6
42 43-45 103.7 - - - - 54
57.5 16 306.2 19 56 3.2 - 0.9 4.3
Lost to follow-up
9 years 45 136 33 65 15 - 0.5 ?
10-5 39.9 180 30 63 15 - 0.3 -
years
10-9 31 197 32 66 1.45 - 0.3 -
years

sCr — serum creatinine; eGFR — estimated glomerular filtration rate; iv — intravenous; BW —
body weight; CsA — cyclosporine A; **therapy started at the age of eight months
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Table 2. Clinical and genetic characteristics of the NPHS1 patients with mild congenital
nephrotic syndrome course

Reference Age at Mutation in NPHS1 Clinical Treatment
onset course
€.2131C > A(p.Arg711ser) homozygous Rengl
8 No data - . survival of | No data
missense mutation
30 years
Fin-major mutation in one gene and a Indomethacin
16 After missense mutation (a change of arginine- | Partial and Enalapril
birth 743 to cysteine in the extracellular 1g-5 remission started at three
domain) in the other one. months of age
Compound heterozygous for two
different sequence variants in exons 9 Remission
18 11 days | and 27 at six Supportive
(NM_004646.4:¢.1048T>C:p.Ser350Pro; | months
M 004646.4:¢.3478C>T:p.Arg1160Ter)
19 No data 0.3478 C>T in_ exon 27 homozygous zeﬂliﬂgrz No data
missense mutation
of age
20 50 days gfjﬁigﬁggé |>ntAr\oirr1] iic():ﬁzg 07 Rl Remission | Glucocorticoids
2.5 . rpear;[ilsaslion CS'A.‘ + ACE
Our case months Ex9: ¢.1048T > C p. (Ser350Pro) at 12 during four
months years
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