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The WT1 variant is confirmed to be pathogenic for Denys–Drash syndrome (DDS),

a rare disorder characterized by early-onset nephrotic syndrome and renal failure,

pseudo-hermaphroditism, and a high risk of Wilms’ tumor. Several cases of DDS

presenting with atypical hemolytic uremic syndrome (aHUS) have been reported. Here

we report the case of a 2-year-old child who was diagnosed with WT1 missense

variant, associated with DDS and initial presentation of aHUS. Complement factor H

autoantibodies were negative. Complement regulatory system-related gene variants

were not found, but a de novo heterozygous c.754G>A missense variant in exon 9 of

WT1 gene was detected, resulting in a p. Asp252Asn substitution, by next-generation

sequencing. The patient was a female morphologically but proved to be a genetic male

because of karyotype 46, XY with normally developed female external genitalia. Bilateral

nephrectomy and renal transplantation were performed 1 year later, and there was no

recurrence of aHUS at 10 months after transplantation.

Keywords: denys-drash syndrome (DDS), pseudohermaphroditism, atypical hemolytic uremic syndrome (aHUS),
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INTRODUCTION

Denys–Drash syndrome (DDS) is a rare genetic disorder characterized by early-onset
nephrotic syndrome that rapidly progresses to renal failure during the first few years of life,
pseudo-hermaphroditism, and a high risk of developing Wilm’s tumor (1). Wilms’ tumor 1 (WT1)
gene variants have been shown to be pathogenic for DDS. The WT1 gene encodes proteins that
regulate progenitor cells and their differentiation, especially those of the gonads, uteri, and kidneys
(2, 3). The initial manifestations of DDS can be vague and indistinguishable. Here we report the
case of a 2-year-old girl who initially presented with atypical hemolytic uremic syndrome (aHUS)
and was eventually diagnosed with DDS with WT1 gene heterozygous variant. HUS is a triad of
microangiopathic hemolytic anemia, thrombocytopenia, and AKI. aHUS is known to be caused by
genetic alterations in the complement alternative pathway or formation of complement factor H
(CFH) autoantibodies, leading to complement system dysregulation (4, 5).

CASE DESCRIPTION

A 2-year-old girl had diffusely distributed rashes followed by abdominal pain, non-bloody loose
stools (once a day, which resolved in 2 days), anasarca, and anuria for a month. The patient
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was admitted to a local hospital on October 18, 2018 with
anemia (hemoglobin, 87 g/L), thrombocytopenia (platelet, PLT
82 × 109/L), stage 3 acute kidney injury (AKI) according to
the guidelines of Kidney Disease: Improving Global Outcomes
(KDIGO) (serum creatinine 961 µmol/L; creatinine clearance,
4.6 ml/min/1.73m2; and blood urea nitrogen 77.2 mmol/L) (6).
Initial urinalysis showed urine protein 3+; 24-h proteinuria was
0.16 g (24-h urine amount: 40ml), and other blood biochemistry
analyses demonstrated hypoalbuminemia (albumin, ALB 30.5
g/L) and hyperlipidemia (total cholesterol, TC 6.42 mmol/L).
There was no abdominal pain, loose stools, or vomiting.
Continuous renal replacement therapy (CRRT) was initiated
the first time. The child was transferred to our hospital 7
days later. Physical examination revealed hypertension (blood
pressure was initially normal), pallor, generalized edema, and
hepatomegaly. Routine blood tests showedmoderate anemia with
increased reticulocyte percentage (5.39%), while PLT returned
to baseline levels. Urinalysis showed 1+ hematuria and 3+
proteinuria but improved hypoalbuminemia (ALB 31 g/L)
and hyperlipidemia (TC, 5.8 mmol/L). Other blood chemistry
analyses were consistent with KDIGO stage 3 AKI, and lactate
dehydrogenase was elevated (386 U/L). Helmet erythrocytes
were observed in peripheral blood smears. Coombs test and
paroxysmal nocturnal hemoglobinuria screening tests were
negative. Platelet activation tests and complement C3 levels were
normal. Stool culture was negative for Escherichia coli. aHUS
was, thus, diagnosed. Therefore, the patient underwent alternate-
day CRRT and six sequences of therapeutic plasma exchange.
Hemolysis still progressed, and renal function did not recover
after treatment (Figure 1). Eculizumab was inaccessible since
it had just been approved in the Chinese market, and renal
biopsy was not performed due to coagulation issues. However,
further measures were taken to determine the cause of aHUS.
CFH autoantibodies were negative. Next-generation sequencing
assay for the nephrology panel (MyGenostics) was performed
using peripheral blood samples from the patient and her parents.
Genes that are known to be associated with aHUS, including
complement regulatory protein-coding genes and other related
genes (C3, C4, C5, CFB, CFH, CFI CFHR1, CFHR3, CFHR4,
CFHR5, THBD, PLG, and DGKE), were included. However, no
variants were detected. Unexpectedly, a de novo heterozygous
c.754G>A missense variant in exon 9 of the WT1 gene
(NM_001198551.1: c.754G>A) was detected, resulting in a p.
Asp252Asn substitution (NP_001185480.1: p. Asp252Asn), and
this was further verified by Sanger sequencing (Figure 2). Variant
analysis according to the American College of Medical Genetics
and Genomics standards and guidelines revealed PS1 (sequence
variation had previously been reported to be pathogenic for DDS
in the Human Gene Mutation Database) + PS2 (de novo and no
family history)+ PM2 (sequence variation absent from controls),
which was regarded as pathogenic for DDS (RefSNP number:
rs28941778). The karyotype of this patient was suspected to be
46, XY. As described earlier, DDS is a condition characterized by
the triad of nephropathy, genitalia abnormality, and a high risk
of Wilm’s tumor (1). The patient was a female but later proved
to be a genetic male owing to the 46, XY karyotype; however,
normally developed female external genitalia was observed.

Abdominal computed tomography did not reveal cryptorchidism
or abnormal renal mass. There was no improvement in
renal function following therapy; hence, the patient received
regular peritoneal dialysis and underwent renal transplantation
1 year later; however, prior to that, bilateral nephrectomy was
performed for the prevention of Wilm’s tumor. Gross specimen
examination demonstratedmany dysplastic glomeruli and partial
sclerotic glomeruli, protein casts, and calcium depositions in
the renal tubes, with vacuolar degeneration in the epithelium
of the proximal tubes, thickened arteriolar walls and narrowed
lumens, and interstitial inflammation infiltration. There was no
recurrence of aHUS 10 months after transplantation.

DISCUSSION

DDS is a rare genetic disorder characterized by early-onset
nephrotic syndrome that rapidly progresses to renal failure
during the first few years of life, pseudo-hermaphroditism, and
a high risk of developing Wilm’s tumor (1). It has been proven
that constitutional variants in the zinc finger (ZF) motif of the
WT1 gene are associated with DDS (2). TheWT1 gene is located
at chromosome 11p13 and contains 10 coding exons. It encodes
a transcription factor that contains four Cys2-His2 ZF DNA-
binding domains at the C-terminus and a proline/glutamine-
rich regulatory domain at the N-terminus (7). There are two
alternative splicing resulting in four distinct WT1 isoforms: 17
amino acids encoded by exon 5 are inserted into the proline-
terminus, producing WT1 +17AA/-17AA isoforms, and three
amino acids lysine-threonine-serine (KTS) encoded by exon 9
are inserted between ZF3 and ZF4, producingWT1 +KTS/-KTS
isoforms (8). The WT1 gene is essential for the development of
both kidneys and the genital system, and it is expressed in renal
podocytes throughout life (9). Most of the WT1 variations in
DDS are heterozygous germ-line variations that occur in exon 8
or 9, encoding protein ZF2 or ZF3, with a frequent variant of p.
Arg394Trp substitution, leading to either DNA binding capacity
alteration or isoform imbalance (2, 10).

The case of DDS that we report here had a de novo
heterozygous c.754G>A; p. Asp252Asn missense variant in exon
9 of WT1. Unexpectedly, the patient initially presented with
symptoms of aHUS until the diagnosis of DDS was made based
on early-onset nephropathy, male pseudo-hermaphroditism, and
WT1 sequence variation. Enterocolitis caused by Shiga toxin-
producing Escherichia coli accounts for most of the HUS cases in
children (3). In contrast, the atypical form of HUS is often caused
by genetic alterations in the complement alternative pathway
or by CFH autoantibody formation, leading to complement
system overactivation (4). Non-Shiga toxin-induced diarrhea
prior to aHUS has been reported in some pediatric cases (11, 12).
Our case did not have any underlying diseases associated with
HUS. However, she neither harbored a variant related to the
complement regulatory system nor synthesized CFH antibody.

This is the first case of DDS presenting with HUS reported
in China; four similar cases have been reported previously in
other countries (Table 1). Manivel et al. first noted a patient
with a 46, XY karyotype who was born with ambiguous genitalia
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FIGURE 1 | (A) Changes in Hb levels after treatment. (B) Changes in SCr levels after treatment. TPE, therapeutic plasma exchange; CRRT, continuous renal

replacement therapy; RBC, red blood cell; Hb, hemoglobin; SCr, serum creatinine.

and had developed HUS at 26 months of age (13). Renal
biopsy was consistent with the diagnosis of HUS, while bilateral
nephrectomy demonstrated diffuse mesangial sclerosis (DMS) at
32 months of age. A few decades later, Sherbotie et al. described
two patients with DDS who had also developed features of aHUS

(14). The first case was a 13-month-old boy who developed aHUS
1 month after nephrotic syndrome and urinary tract infection
with Citrobacter and Enterococcus. The other patient was a 16-
month-old boy who manifested aHUS and DDS at the same
time. Normal serum C3 levels were revealed, and WT1 exon
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FIGURE 2 | (A) Diagram of the patient’s de novo heterozygous c.754G>A missense variant in exon 9 of WT1 gene; nucleotide 754 in the coding region was altered

from guanine to adenine, resulting in a change of amino acid 252 from aspartic to asparagine. This missense variant has been reported to be pathogenic to

Denys–Drash syndrome (DDS) according to the Human Gene Mutation Database, and it was evaluated to be pathogenic to DDS according to the American College

of Medical Genetics and Genomics standards and guidelines. (B,C) Diagrams of WT1 genes of the patient’s parents showing no variation. Since reverse reads were

used by Sanger sequencing, the bases shown in the peak diagram are the reverse complementary sequence C>T of the altered bases.
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TABLE 1 | Clinical finding in cases of WT1 variants associated with Denys–Drash syndrome (DDS) presenting as HUS.

Present study Patient 1 Patient 2 Patient 3 Patient 4

Study – Manivel et al. (13) Sherbotie et al. (14) Sherbotie et al. (14) Alge et al. (15)

Age at onset 2 years 26 months 13 months 16 months 8 months

Karyotype 46, XY 46, XY 46, XY 46, XY 46, XX

Morphological sex Female – Male Male Female

Initial manifestation Rashes, abdominal pain,

non-bloody loose stools,

edema, anuria

HUS UTI, edema Edema, vomiting,

decreased urine output

Oliguria, hypertension,

vomiting

Genital abnormality Female external genitalia Ambiguous external

genitalia, bilateral Mullerian

and right Wolffian

Grade III hypospadias with

undescended testes

Grade III hypospadias with

bifid scrotum, undescended

testes

Absence of ovary

Nephrotic syndrome No – A month before HUS At presentation with HUS No

DDS diagnosed before

HUS

No No No No No

C3 level Normal – Normal Normal Decreased

Renal pathology Gross specimens: DMS and

glomerular dysplasia

Initial biopsy: MPGN

Gross specimens: DMS and

metanephric hamartoma

DMS without

microangiopathic

glomerulopathy

DMS without

microangiopathic

glomerulopathy

Initial biopsy: 3/8 glomeruli

with globally sclerotic and

the rest with active TMA

Gross specimens: DMS

Wilm’s tumor No No No No No

Treatment Plasma exchange – Plasmapheresis – Plasma infusions/exchange,

eculizumab

Renal function Irreversible Irreversible Irreversible Irreversible Irreversible

Outcome Bilateral nephrectomy and

renal transplantation at 3

years old, 10 months no

recurrence

Bilateral nephrectomy,

gonadectomy, and renal

transplantation at 32

months old

PD; bilateral nephrectomy

and renal transplantation at

2.5 years old, 4.5 years no

recurrence

PD and HD; renal

transplantation at 5 years

old, 18 months no

recurrence

PD; bilateral nephrectomy at

13 months old

Complement

abnormality

Not found – – – Autoantibody (-) CFH H3

haplotype with three SNPsa

WT1 variation Heterozygous,

p. Asp252Asn in exon 9

– Heterozygous,

IVS9+111 C>T

Heterozygous,

p. Arg394Trp in exon 9

Heterozygous,

p. Arg394Trp in exon 9

Clinvar interpretation Pathogenic – Variant not in clinvar Pathogenic Pathogenic

HUS, hemolytic uremic syndrome; DMS, diffuse mesangial sclerosis; UTI, urinary tract infection; SNPs, single-nucleotide polymorphisms; MPGN, membranoproliferative

glomerulonephritis; PD, peritoneal dialysis; HD, hemodialysis.
ac.1-332 C>T in the promoter, silent mutation at p. Gln672, and p. Glu936Asp substitution.

9 missense variants were identified in both 46, XY males with
undescended testes and grade III hypospadias. Renal failure was
irreversible, and transplantations were eventually carried out in
both cases. The renal pathologies revealed diffuse sclerosis. Alge
et al. recently reported an 8-month-old female infant who had
aHUS as the initial manifestation of DDS (15). Whole exome
sequencing identified a pathogenic de novo heterozygous variant
in the WT1 gene with predisposing variants in the CFH gene
and an unknown variant in the DGKE gene. Acquired causes of
aHUSwere ruled out. Karyotyping confirmed that the patient was
46, XX with normal external genitalia, but without ovaries. In
contrast to the previously reported cases, our patient was a 46,
XY child with female physical appearance and external genitalia.
In addition, our case had normal C3 levels, as in the case reported
by Sherbotie et al. which is not uncommon in aHUS (11). WT1
sequence variants associated with DDS were detected in our
patient as well as in the cases reported by Sherbotie et al. and
Alge et al. Causative variants related to aHUS and autoantibodies
against CFH were screened in our case and the case of Alge et al.
but no direct pathogenic result was obtained.

Among the existing cases, two underwent renal
biopsies at the time of HUS diagnosis, and thrombotic
microangiopathy (TMA) was biopsy-proven. At 5 to 6 months
later, DMS was demonstrated by bilateral nephrectomy
when transplantation was performed, suggesting that
HUS occurred prior to DDS. Additionally, DMS was also
evident in two other cases a few years after disease onset.
Unfortunately, our case was diagnosed based on clinical
manifestations and genetic sequencing since the patient
was unable to tolerate renal biopsy at the beginning. Gross
pathology after nephrectomy revealed glomerular dysplasia
and sclerosis.

WT1-encoded proteins are crucial in regulating cell growth
and maintaining the normal function of renal podocytes, the
cells that comprise the outer layer of the glomerular filtration
barrier. Sequence variants that influence ZFs and disturb the
splicing of +KTS/-KTS isoforms result in dedifferentiation,
abnormal proliferation, or morphological alteration in mutant
podocytes (16, 17). Although the mechanisms are still not well-
understood, studies have proposed that reducedWT1 expression,
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platelet-derived growth factor-α (PDGF-α), and transforming
growth factor-β1 (TGF-β1) overexpression and upregulated Pax-
2 expression play roles in this regard (17). Consequently,
abnormal podocytes disrupt the integrity of the glomerular
filtration barrier, leading to remarkable proteinuria in DDS, while
nephrotic-range proteinuria promotes the release of various
procoagulants, creating an environment with a high risk of
TMA (18). A recent study also found that podocyte injuries
are commonly seen in renal TMA (19). Vascular endothelial
growth factor (VEGF) secreted by podocytes is important for
the survival of endothelial cells, podocytes, and mesangial
cells. Its concentration is maintained by the appropriate
size selectivity of the podocyte slit diaphragm; however, this
selectivity may be affected by severe proteinuria (20). A study
in adult mice has shown that a reduction in the podocyte-
derived VEGF level is sufficient to induce profound TMA
(21), while children with different nephropathies accompanied
by nephrotic-range proteinuria have been reported to have
aHUS as a complication (22). In addition, podocyte-derived
VEGF participates in complement activity regulation, whereas
dysregulation of complement pathways predisposes to TMA
(23). Thus, emerging findings suggest that decreased VEGF
concentration due to podocyte dysfunction contributes to the
development of renal TMA (21, 22). Among the five above-
mentioned cases of DDS with aHUS, four harbored causative
variants in exon 9 of the WT1 gene. The two cases described
by Sherbotie et al. were diagnosed with nephrotic syndrome,
while our patient and the case reported by Alge et al. had
urine protein 3+ and 4+ by dipstick analysis, respectively. We
thus hypothesize that podocytopathy in WT1 variants may be
one of the pathogenic factors contributing to the occurrence
of aHUS.

The limitations of this case report include the following:
[1] renal pathology was not obtained at diagnosis, but it
is of importance in understanding disease progression and
distinguishing the initiating etiology and [2] multiplex ligation-
dependent probe amplification analysis of CFHR1/CFHR3
deletion and CFH/CFHR1 hybrid gene, two important
predisposing variants of aHUS that could not be detected
by standard sequencing (24, 25), was not performed. The
etiology and pathogenesis of DDS with WT1 variation
presenting as aHUS is still unknown. The case reported
here adds value to existing cases as it provides evidence that
the association between DDS and aHUS is probably not
coincidental. Genetic sequencing is useful in determining
the underlying disease or comorbidity when both genetic
and acquired causes of aHUS are ruled out. Whether
DDS is a predisposing factor for aHUS or whether these
conditions comprise another clinical syndrome requires
further study.

PATIENT PERSPECTIVE

The following patient perspective was provided by the
patient’s parents.

“It was very sudden that our child became ill and
deteriorated unexpectedly quickly. It had been nearly a
month since the disease started, but we still decided to take
a chance for therapeutic plasma exchange, although renal
function failed to recover. Later, the WES and karyotyping
results were astonishing. We transitioned from hemodialysis
to peritoneal dialysis for long-term renal replacement while
we were preparing and waiting for transplantation. Renal
transplantation was successful, and our child is currently
receiving regular anti-rejection treatments. We hope that our
case will add new findings and contribute to the learning of these
rare diseases.”
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