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Abstract. C��������� ��������� �������� �C�S� �� �� �����C��������� ��������� �������� �C�S� �� �� �����
somal recessive disorder usually detected in the first 3 months 
�f ��f� w��� ��� ��������� �ff���� ����f���, ��������� ����� 
��� � f������ �� ���� w�����. A b�b� b�� w�� �������� �� ��� 
Neonatal Intensive Care Unit for prematurity (35 weeks) with 
unremarkable maternal prenatal laboratory tests. The patient 
��� ���������� �������� ������������, ���������������, 
������b�������� ��� ��������� ����� �����������. C�S w�� 
���������, ��� ������� ������� ���w�� � ����z����� v������, 
c.3024A>G (AGA>AGG) in exon 22 of the nephrin locus. 
B����f�������� �������� ��������� ��� ������� ��������� w�� 
likely a result of malfunctional DNA binding sites of tran�
��������� f������ FOXL1 ��� FOXC1.

Introduction

C��������� ��������� �������� �C�S� �� � ���� ��������� ������
��v� ��������. T�� ���� ������ ���� �f C�S �� ��� F������ ����, 
� �������� ����������z�� b� �����v� ����������� �������� �� b����, 
a large placenta, marked edema and radial dilatation of the prox�
���� ��b���� �1�. T�� ��������� �f C�S �� F������ �� ��������� 
�� b� 1 �� 8,200 ��v� b�����, ��� �� ���������� �� b� ��w�� �� ����� 
���������. A ���� ��������� �f C�S ��� ���� b��� �������� �� 
certain regions of the United States, for example, among the Old 
O���� M��������� �� L��������, PA �2�. C�����b����� ��������� 
to CNS mostly occur in a panel of five genes: nephrin (NPHS1�, 
������� �NPHS2�, W���� ����� �WT1�, ������� �LAMB2� ��� 
������������� C ������� 1 �PLCE1) (3). Previous research has 
������ �� f���� �� ��������� �� NPHS1, �� �� �� ��� ���� ���� 
��v��v�� �� C�S �f ��� F������ ����, �� �� ��������� �������v� 
manner (3,4). However, other studies showed that whilst NPHS1 
���� ��������� ��� ����� C�S �� ����F������ ����v������, ���� 
��� � ���� ������ ����� ���� NPHS2, WT1, LAMB2 ��� PLCE1 

mutations (3). Previous studies have reported NPHS1 ���������� 
analysis suggests that abnormal or inefficient signaling through 
the nephrin‑podocin complex contributes to podocyte dysfunc�
tion and proteinuria (5). Typically, the histological lesions of 
CNS are detected after 3 months of age when symptoms appear, 
���� �� f������ �� ���� w����� ��� ����� �1�. I� ���� ���� ������, 
��� ���� �f � ��wb��� w��� �� ����� ��������� �f F������ v������ 
CNS, born to a Guatemalan mother with a NPHS1 v������, �� 
described, and was determined to be most likely the result of 
���f��������� D�A b������ ����� f�� ������������� f������ �� ��� 
NPHS1 �����.

Case report

A baby boy was delivered vaginally at 35.1 weeks gestational 
age, based on a 24.1‑week ultrasound, to a 22‑year‑old gravida 
mother from Guatemala. The mother had previously delivered 
a child prematurely at 32 weeks via cesarean section who died 
in a Guatemalan hospital for unknown reasons within the first 
month of life. Her prenatal laboratory tests were unremarkable, 
��� ��� ������ ��� ������� ���� ��� �� �������/��b���� ���. T�� 
mother had late, limited prenatal care that began at 24 weeks, 
w��� � ������� ���b�� �f v�����. T�� ��������� w�� �������
cated by membrane rupture 25 h before delivery. Birth weight 
was 2.030 kg (12th percentile average size for gestational age), 
and suture separation was evident. He was admitted to the 
�������� I������v� C��� U��� ��ICU� f�� �����������.

O� ��� �f ��f� �DOL� 2, ��� ��f���'� ���������� w�� ���v���� 
(1.30 mg/dl) and hypoproteinemia (3.1 g/dl) and hypoalbumin�
���� �1.2 �/��� w��� �v�����. F������� w��� �����b���� �� ���� 
maternal nutrition and expressed breast milk was fortified 
w��� ���S���® to 27 kcal/ounce. Hypoalbuminemia and hypo�
proteinemia persisted. Bicitra (3 mEq/kg/day) administration 
w�� ��������� �� DOL 9 �� ������� ����b���� �������� ��� �� � 
bicarbonate level of 15 mEq/l. On DOL 16, urinalysis revealed 
3+ protein and 3+ glucose. The next day a urine protein to 
creatinine ratio of 59.23 was indicative of nephrotic syndrome.

T������������ �������������� �� DOL 9 ���w�� � ������ 
f������ �v��� w��� � ��f� �� ����� ����� ��� ���� ��f� v���������� 
hypertrophy. On further workup for hypertension, renin and 
aldosterone levels were found to be elevated at 130 ng/dl and 
428 ��/��, ��������v���. D�� �� ���������� ������������ ������ 
DOL 1) above the 95th percentile, captopril (0.05 mg/kg/8 h) 
w�� ������������ b�������� �� DOL 16. T�� ����� ���������� 
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was unremarkable. His urinalysis revealed normal pH, which 
was inadequate in the setting of acidosis.

At 3 months of life, thyroid hormone levels and anti�
�����b�� III ����v��� ��v��� ������� �� ��������, w���� �� 
������� f�� ���� ��������� �6�. T�� ������� w�� ������ �� 
levothyroxine, and was treated with albumin infusions, 
���������������v������ ��z��� ����b����� �����������, ��� 
������������ �������f��������� ���� �I������������ w��� 
��������� ������� ������� ��������������� �������� �� DOL 22. 
His serum immunoglobulin levels (IgG, IgA, IgM and IgE) 
were low and required IVIG treatment through a port‑a‑cath. 
He was placed on oral supplementation for copper and iron. 
M��� ������b���� ��� ������� ����� w��� f���� �b���v�� �� 
DOL 36. With the identification of the early onset of nephrotic 
��������, ������� ������� w�� ���f����� �� ������ �����b�� 
NPHS1, NPHS2, WT1, LAMB2 ��� PLCE1 ���������.

T�� �������'� ������� D�A w�� �����z�� b� A����� 
D���������� v�� PCR �����f������� �f ����f��� ������� 
DNA, followed by Sanger DNA sequencing of the gene's 
������ ������. I� ��������, �� ����� 10 b���� �f �������� D�A 
on either side of each exon containing the highly conserved 
exon‑intron splice junctions were also sequenced. No variants 
w��� �������� �� NPHS2, WT1, LAMB2 ��� PLCE1 �T�b�� I�. 
A ������v� ����z����� v������ w�� �������� �� NPHS1, 
mRNA (NCBI Reference Sequence: NM_004646.3) located 
at c.3024A>G (Fig. S1). Up‑to‑date analysis by the variant 
���������� �f A����� D���������� ���w�� NPHS1 c.3024A>G 
is a synonymous variant of uncertain significance, as the avail�
�b�� ���� �S����, 4; ����� 1�7, b����������������, ��������v���� 
was insufficient to determine the clinical significance of the 
variant at this time. ClinVar‑NCBI showed two cases of the 
same c.3024A>G type with uncertain significance (Table II); 
��� �� �� ����� �f ��� �������� v������ �� ��� ������� ����� 
�v�������� ID: 429811�. U��������� �������� f�� ��� �������� 
provided in ClinVar for variation ID: 429811, NM_004646.3 
�NPHS1):c.3024A>G (p.Arg1008=) showed multiple submis�
�����, ��� ���� ������ �f w���� w�� S�� 26��, 2021. T�� 
substitution of A>G occurs in the AGA codon for arginine; 
������ A, ������ �� ��� ����� �������� �f ��� ������� �� �������� 
3,180 in the NPHS1 mRNA (NM_004646_3) generating a 
degenerate redundant AGG codon (Fig. 1A). c.3024 indicates 
the allele's position in the coding sequence (Fig. 1B). The 
variant was identified as a homozygous variant within NPHS1 
exon 22 (Fig. 1C). There can be little doubt that the CNS 
���� w�� ���������� w��� ���� NPHS1 v������. T���, �� w�� 
���������z�� ���� ��� ��������� �������� ��� ����� C�S b� 
disturbing the expression of NPHS1, v�� ���������� �f ��� �����
latory sequences, which is a likely explanation for the genetic 
���������. T�� ����f� �f ��� ��������������� f������ b������ ����� 
�TFBS�� �� NPHS1 exon‑22 and adjacent introns' sequences 
were analyzed using JASPAR 2020 (7,8). The analysis revealed 
TFBSs presence for at least 10 types of binding motifs specific 
to transcription factors in exon 22 and the neighboring introns' 
sequences (Fig. 1C). The c.3024A>G variant was mapped 
�� TFBS� f�� FOXL1 ��� FOXC1. A f������ ����� �� ��� 
c.3024A>G mutation is close to mammalian‑wide interspersed 
������� �MIR��, 46 b���� �w�� f��� NPHS1 exon 22 (Fig. S2), 
the data has been adapted from Genome Browser UCSC 
(genome.ucsc.edu/). The main function of MIRs is exonization, 
the generation of new exons from intronic DNA sequences. 

Additionally, MIRs are considered as major donors of 
TFBS� �9,10�. A����� D���������� ������������� ����� ������� 
����������� ���� ���� ����z����� v������ ��� ������ �� ��� ���� 
�f � ������� ������ ���� w������ �ff������ ��� ������� ������ �����. 
I�����������, ��� ����z����� v������ ��������� ��� ���b�� 
helix stability (Fig. S3) as measured by oligo calculator in the 
���b�� w�b���� ����b��.���/�����/����������������� �� ����� �f 
��� �������� f��� ������ ������; ���� ������� ��� ���������� 
w��� �������� �11�. I� �� ���������z�� ���� ��� ����� ��� ��� ��v� 
� de novo mutation, as the family lost their first child, who 
presented with a very similar clinical condition. The sequence 
validation was not obtainable for the parents, but was likely to 
b� ������z����� f�� ��� NPHS1 v������.

Discussion

T�� ������� C�S ���� ���������� � ���� ������� w��� �� �����
����� �f ��������� ��������� ��� ������� ����� �f ��� �������. 
Sanger sequencing is an established method and is used for 
identification and validation of the presence of the homozygous 
mutation; it is unlikely the mutation is de novo, b�� �� ������� 
from heterozygous parents. Sanger sequencing is used to identify 
the pathogenic variation in various diseases (12,13). Although 
��� ������� ���w�� ������� �������� �f C�S �1,14�, ��� �������� 
homozygous c.3024A>G variant produces a degenerate codon 
with a genetic condition of uncertain significance. However, 
keeping in mind the clinical manifestations associated with 
C�S ��� ��� f��� ���� �� ��������� w��� f���� �� ��� ����� f��� 
������ ����� ���������� w��� C�S �NPHS2, WT1, LAMB2 ��� 
PLCE1) (3,14), the potential involvement of regulatory sequences 
�� NPHS1 exon 22 at the site of mutation is thus discussed further.

The bioinformatics analysis showed that the A>G change 
caused by c.3024A>G mutation could alter transcription binding 
sites; specifically, the composition of two motifs specific to tran�
��������� f������ FOXL1 ��� FOXC1. T�� ������������ �f FOX 
transcription factors leads to congenital disorders (15,16), and 
consequently, these changes may cause potential malfunction of 
��� ������������� ������� �� NPHS1 exon 22.

Intriguingly, previous studies have shown that exons have 
���������� ����v��� �� �������� �� ����� ������ ����v���. A� ����� 
as 1997, the DNase I hypersensitive sites specific DNA sequences 
related to the transcriptional activity were identified in coding 
exons in mice (17). More recently, exons have been shown to 
������� ����v����� �f ������������� ������ �18� ��� ��v� TFBS 
sequences (19‑21). Not surprisingly, recent versions of genomics 
websites show regulatory sequences spanning coding sequences, 
for example NPHS1 ENSG00000161270 and several other genes. 
F����������, � ������ ����� f���� ���� � ������������� f�����'� 
binding affinity in exons is weak, but improves in the noncoding 
sequences of DNA (22). It is quite possible that genetic variants 
may affect exonic splicing regulatory sequences and consequently 
disrupt pre‑mRNA splicing and initiate genetic diseases (23,24).

T� ��������, � ���� NPHS1 gene variant (25) is described, 
which likely caused a disruption in regulatory sequences, 
TFBSs and cryptic splice sites (15‑17,24,26,27) associated with 
CNS. The c.3024A>G variant modified the two transcription 
f������', FOXL1 ��� FOXC1, b������ ����� �� ��� NPHS1 exon 22 
sequence, and may have influenced MIRs functions (9,10). 
Consequently, the mutation is likely the cause of dysregulated 
NPHS1 expression. The reported case should increase awareness 
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F����� 1. M�������� ����������z����� �f ��� NPHS1 c.3024A>G variant. (A) Location of the missense mutation in the NPHS1 mRNA at position 3,180. 
�B� L������� �f ��� v������ �� ��� NPHS1 coding sequence at position 3,024. (C) Bioinformatics analysis of NPHS1�E22 ���w� �� ��� �������. T�� ����� 
letters refer to the adjacent introns’ sequences. The identified sequences of TFBSs are marked. The encircled base ‘A’ represents the wild type allele whereas 
‘G’ is the mutated allele. JASPAR 2020 was used for identification of TFBSs in the NPHS1‑E22 sequence. NPHS1, �������; NPHS1�E22, NPHS1 Exon 22; 
TFBS, ��������������� f������ b������ ����.

Table I. Panel of the 5 genes tested for variants by DNA sequencing in the congenital nephrotic syndrome case study. Only one 
variant was identified in the nephrin gene, NPHS1.

 �CBI �CBI   C�������
Gene name: Description gene ID nucleotide ID OMIM no. Variant significance

LAMB2: L������ ��b���� β2 3913 NM_002292_3 OMIM 150325 No variant detected ‑
NPHS1: NPHS1 adhesion 4868 NM_004646_3 OMIM 802716 c.3024A>G Variant of uncertain
molecule, nephrin     significance
NPHS2: Stomatin family 7827 NM_014626_3 OMIM 804768 No variant detected ‑
���b��, �������
PLC1: P������������ C γ1 5335 NM_018341_3 OMIM 808414 No variant detected ‑
WT1: Transcription factor 7490 NM_024428_2 OMIM 807102 No variant detected ‑

T�b�� II. C������� ��� ��b������� �f NPHS1 c.3024 A>G variant in ClinVar. Data adapted from ClinVar‑NCBI.

Variant location in coding
sequence of NPHS1 Collection Submitter, Clinical Submission
mRNA NM_004646.3 method submission date significance accession no.

c.3024 A>G
  GRCh37: Chr19:36330224 Clinical testing GeneDx, May 12, 2017 Uncertain significance  SCV000582470.3
  GRCh38: Chr19:35839322  Athena Diagnostics, Inc.,  Uncertain significance SCV000695728.1
  M�� 8, 2018
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�f ��� ����� ��������� �f C�S �� ����F����� �����������. T�� 
study may encourage further work to investigate the clinical 
significance of the c.3024A>G variant and potential involvement 
of exonic splicing regulatory sequences and other regulatory 
sequences in genetic conditions of uncertain significance.
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