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Abstract

We present a case of nephronophthisis 13 that resulted from WDRI9 variants. The patient, a nine-year-old Japanese boy, had
detection of mild proteinuria during a school urine screening. Urinalysis revealed mild proteinuria without hematuria. Blood
tests indicated pancytopenia, mild elevation of liver enzymes, and kidney dysfunction. Ultrasound examination disclosed
hepatosplenomegaly. Abdominal computed tomography and bone marrow assessments ruled out malignant tumors. Subse-
quent kidney and liver biopsies suggested nephronophthisis and congenital hepatic fibrosis. Furthermore, comprehensive
genetic analysis through next-generation sequencing revealed compound heterozygous variants in WDR19 (NM_025132.4),
including the previously reported ¢.3533G > A, p.(Arg1178Gln), and ¢.3703G > A, p.(Glul235Lys) variants, confirming the
diagnosis of nephronophthisis 13. There is potential need for liver and kidney transplantation in patients with nephronophthi-
sis and hepatic fibrosis. Early diagnosis is therefore crucial to mitigate delays in treating complications associated with kidney
and hepatic insufficiency and to facilitate preparation of transplantation. To achieve early diagnosis of nephronophthisis, it is
imperative to consider it as a differential diagnosis when extrarenal symptoms and kidney dysfunction coexist, particularly
when mild proteinuria is observed through opportunistic urinalysis. Genetic testing is important because nephronophthisis
manifests as diverse symptoms, necessitating an accurate diagnosis. Next-generation sequencing was shown to be invaluable
for the genetic diagnosis of nephronophthisis, given the numerous identified causative genes.
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Introduction

Ciliopathies constitute a group of disorders linked to the
dysfunction of primary cilia, encompassing conditions
such as polycystic kidney disease and nephronophthisis.
Nephronophthisis, an autosomal recessive genetic disorder,
is the predominant cause of inherited diseases in individu-
als with end stage kidney disease (ESKD) up to the age of
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30 years [1]. Disruption of the primary cilia results in the
degradation of the tubular basement membrane and lympho-
cytic infiltration of tubules, leading to tubular atrophy and
cyst formation, primarily at the corticomedullary junction
[2]. WDR19 is located at 4p14 and encodes intraflagellar
transport (IFT) A, a crucial component of IFT complex.
Transport to the cilia tip is facilitated by kinesin motors and
IFT B, while retrograde transport back to the base involves
dynein motors and IFT A [2]. Ciliary dysfunction induced
by WDRI19 variants triggers the onset of nephronophthisis.
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WDR19 accounts for 0.5% of nephronophthisis-related
genes, representing a rare causative gene [3]. Abnormalities
in IFT A are also associated with nephronophthisis accom-
panied by skeletal anomalies, with WDR19 variants reported
as causative genes for Jeune syndrome and Sensenbrenner
syndrome [4]. In a previous report, WDR19 variants resulted
in isolated renal manifestations, establishing its recogni-
tion as a causative gene for nephronophthisis 13 (NPHP13)
(MIM#614377) [5]. Furthermore, NPHP13 may induce liver
complications such as congenital hepatic fibrosis (CHF) or
Caroli disease, which stem from ductal plate malformation
[4]. CHF often remains asymptomatic, more likely mani-
festing as portal hypertension and hepatomegaly in children
than as liver impairment [6, 7]. Nephronophthisis can report-
edly result in various hepatic complications, but there have
been no reports of its diagnosis resulting from pancytopenia
due to CHF [6]. In this report, we describe a patient with
nephronophthisis and renal dysfunction accompanied by
pancytopenia diagnosed after an abnormal urine screening.

Case report

Proteinuria was detected in a nine-year-old Japanese boy
by routine school screening, so he was referred to our hos-
pital. He was born to non-consanguineous, healthy parents,
had no significant medical history, no intellectual disabili-
ties and no ophthalmological abnormalities. Upon physical
examination, his height was 132.5 cm (—0.2 SD), weight was
28.4 kg (—0.4 SD), and blood pressure was 110/58 mmHg.
There were no distinctive facial features, conjunctival pallor,
abnormal eye movements, polydactyly, skeletal abnormali-
ties or other notable findings. Blood tests revealed pancyto-
penia (white blood cell count 2900/uL, hemoglobin 10.6 g/
dL, platelet count 108,000/uL), decreased kidney function
[serum creatinine (Cr) 1.07 mg/dL, estimated glomerular
filtration rate 45 ml/min/1.73 m?], and mild elevation of liver
enzymes (aspartate aminotransferase 58 IU/L, alanine ami-
notransferase 46 IU/L). Other data related to the hepatobil-
iary system [albumin (Alb) 4.4 g/dL, y-glutamyl transpepti-
dase (y-GTP) 106 IU/L, total bilirubin 0.4 mg/dL, amylase
212 TU/L] and markers of hepatic fibrosis [hyaluronic acid
27.2 ng/mL, type IV collagen 4.4 ng/mL, M2BPGi (—)]
were within normal ranges. Urinalysis revealed a specific
gravity of 1.012, a Cr level of 46.5 mg/dL, no hematu-
ria, a urinary protein/creatinine ratio of 0.38 g/gCr, and a
B2-microglobulin (2MG) concentration of 1260 pg/dL.
Abdominal ultrasound revealed a renal length of 9.6 cm
(+1.8 SD), increased renal parenchymal echogenicity,
abnormal hepatic echogenicity, irregular liver margins,
and hepatosplenomegaly. The patient underwent abdomi-
nal contrast-enhanced computed tomography (CE-CT) and
bone marrow examination to rule out malignancy due to

the pancytopenia, mild renal enlargement, and hepatosple-
nomegaly (Fig. 1). CE-CT showed no tumorous lesions,
and bone marrow examination revealed no abnormal cells.
Concurrent liver and kidney biopsy results arose suspicion
of nephronophthisis-related diseases. Renal histopathol-
ogy revealed tubular dilatation in the renal medulla and
irregular changes in the tubular basement membrane, sug-
gesting nephronophthisis (Fig. 2a). Hepatic histopathology
revealed significant fibrosis and abnormal bile ducts in the
portal areas, indicating CHF (Fig. 2b). Furthermore, com-
prehensive genetic analysis using next-generation sequenc-
ing (NGS) identified a compound heterozygous variant in
WDR19 [NM_025132.4: ¢.3533G > A, p.(Argl178GlIn),
and c.3703G > A, p.(Glul235Lys)] (Supplemental Fig. 1).
The variants were identified as pathogenic variants in The
Human Gene Mutation Database (HGMD) (https://www.
hgmd.cf.ac.uk/ac/, CM139117 and CM139116). Based on
these findings, we diagnosed the patient with nephronoph-
thisis associated with WDRI9 variants. After diagnosis,
there were no abnormalities in assessments for esophageal
varices associated with portal hypertension and ocular find-
ings related to nephronophthisis. Despite no progression of
liver impairment or symptoms of portal hypertension, there
was rapid decline in kidney function within a year after diag-
nosis. At the time of writing, we are therefore preparing to
perform kidney transplantation before liver transplantation.

Discussion

Nephronophthisis associated with WDR19 variants may
occasionally manifest as concomitant pancytopenia. Due to
primary ciliary abnormalities, nephronophthisis manifests

Fig. 1 Contrast-enhanced computed tomography shows hepatosple-
nomegaly
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Fig.2 Pathological findings of kidney biopsy (a) and liver biopsy
(b). a Periodic acid-Schiff (PAS) staining of formalin-fixed paraffin-
embedded (FFPE) tissue sections. There is inflammatory cell infiltra-
tion and fibrosis (blue arrow) in the tubulointerstitial lesion. The renal

as various extrarenal symptoms. Nephronophthisis asso-
ciated with the WDR19 variant is linked to symptoms in
the kidneys, liver, retina, bones, and the skin. Clinically,
it is classified as nephronophthisis 13 (NPHP13), Senior-
Loken syndrome, Jeune syndrome, or Sensenbrenner syn-
drome, depending on the combination of affected organs
[4]. Our patient with WDR19 variants (¢.3533G > A and
¢.3703G > A) was diagnosed with NPHP13 because symp-
toms were observed only in the kidneys and liver. How-
ever, among previously reported cases with the WDRI9
¢.3533G > A variants, only two out of 14 cases presented
with hepatic and renal symptoms [8—13]. Other cases had
a wide range of manifestations, including ophthalmologic
abnormalities in nine cases, bone formation anomalies in
five cases, and ectodermal system abnormalities in two cases
[8—13]. There are currently no reports on the relationship
between phenotype and genotype, it is unknown what deter-
mines the phenotype in WDR19 variants. Regarding the liver
phenotype associated with NPHP13, there have been reports
of CHF, Caroli disease (CD), and Caroli syndrome [17].
CHF is characterized by malformation of bile duct structures
with abnormal branching and progressive fibrosis of intrahe-
patic portal tracts [17]. Meanwhile, CD is characterized by
dilated remnants of the ductal plate representing large inter-
lobar bile ducts, while Caroli syndrome is a combination of
CD and liver fibrosis. Histologically, chronic inflammation
in the portal area is usually seen with dilated bile ducts in
CD, whereas fibrotic enlargement of the portal area without
inflammation is observed in CHF. In this case, the degenera-
tion of bile ducts and strong fibrosis, as well as the absence
of chronic inflammation and bile duct dilatation in the portal
area led to diagnosis as CHF [17]. Nephronophthisis often
presents with hepatic complications, but its association with
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tubules are cystic and dilated (red arrow) with some atrophy. b Bile
duct hyperplasia with abnormal morphology (blue arrow) and sur-
rounding significant fibrosis (red arrow) are observed in the portal
vein area

CHF is more common in patients with NPHP13 [18]. In
addition to CHF, pancytopenia was also observed in our
patient. Pancytopenia can arise from various causes, includ-
ing but not limited to malignant tumors, infections, autoim-
mune disorders and medications. However, in the current
case, the patient had no infection, no abnormalities were
detected in autoantibody screening, and he had not taken
medications. Additionally, bone marrow examination and
CE-CT scans ruled out malignant tumors. Ectopic varices
were not observed, but CT scans revealed splenomegaly and
nodularity on the surface of the liver, as well as collateral
circulation in the portal vein system. Based on these find-
ings, we concluded that pancytopenia was caused by por-
tal hypertension due to CHF. CHF has been reported to be
associated with NPHP3, NPHP4 [18], Joubert syndrome
and related disorders [19], COACH syndrome [20], Bardet-
Biedl syndrome [21], and oral-facial-digital syndrome [22].
Nephronophthisis and nephronophthisis-related diseases
may have clinical presentations similar to our case. In cases
in which there is a combination of kidney dysfunction and
symptoms related to portal hypertension, such as pancyto-
penia, it is important to consider nephronophthisis as dif-
ferential diagnosis.

Furthermore, comprehensive genetic analysis is useful
for confirming diagnosis of suspected nephronophthisis.
Nephronophthisis has more than 35 diverse clinical mani-
festations, with more than 187 associated genes reported
[23]. Identifying the causative gene from clinical symp-
toms alone is challenging. Reports on NPHP13 are lim-
ited, but in one study, the average age of onset of end-stage
kidney disease (ESKD) was 5.2 + 4.6 years [18], while
in others, the median age of ESKD onset was 6.0 years
(range: 1.5-10.5 years) [4, 8]. NPHP13 may be a form of
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nephronophthisis that leads to ESKD relatively early in life.
However, nephronophthisis often lacks overt symptoms, and
due to the scarcity of investigative opportunities, diagnosis
is frequently delayed. Our patient presented with concur-
rent renal dysfunction and CHF at time of referral, but there
were no subjective symptoms. A thorough investigation for
minor abnormalities detected by a school urine screening
ultimately led to the diagnosis. Urine screening of three-
year-old children and school urine screening can be impor-
tant in diagnosis of nephronophthisis. Furthermore, most
patients with nephronophthisis develop ESKD, and half
of those with CHF develop liver failure and require liver
transplantation [3, 24]. In this case, the diagnosis was made
before the patient reached ESKD, so serious complications
from organ failure could be avoided and we could offer the
option of undergoing kidney transplantation without the
need to introduce dialysis. Diagnosing nephronophthisis
in the early stages may be challenging, but it is crucial to
make a diagnosis before the patient becomes susceptible to
potentially fatal complications associated with organ failure.

In summary, our patient with pancytopenia and mild
urine protein was diagnosed with NPHP13 harboring the
WDR19 variant. To achieve early diagnosis of nephronoph-
thisis, it is crucial to consider nephronophthisis as a dif-
ferential diagnosis when extrarenal symptoms and kidney
dysfunction coexist. Additionally, it is essential to promptly
conduct comprehensive genetic analysis.
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