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Genetics ¢ Nephrology

Rare disease

Nephronophthisis, an autosomal recessive ciliopathy involving mutations in primary cilium genes, is character-
ized by chronic tubulointerstitial nephritis and a defective urine concentrating capacity. It accounts for about
5% of renal failure in children and adolescents and usually progresses to end-stage renal disease before the
age of 30 years. Nephronophtbhisis is associated with extrarenal manifestations, including retinitis pigmentosa
in Senior-Loken syndrome (SLS), and liver fibrosis in 10-20% of cases. While some presenting patterns could
be characteristic, patients may have atypical presentation, making diagnosis difficult. Tubulointerstitial fibro-
sis is the predominant feature on histology and as such, diagnosis depends mostly on genetic testing. Despite
advances in renal genomics over the years with a better understanding of primary cilia and ciliary theory,
about 40% of nephronophthisis cases go undiagnosed. As the underlying genetic etiologies are not fully un-
derstood, morphologic pathologic findings are non-specific, and treatment options are limited to dialysis and
transplantation.

We describe a unique case of a patient with adolescent nephronophthisis who presented with advanced chron-
ic kidney disease and severe pancytopenia, who progressed to end-stage renal disease at the age of 19, and
was found to have syndromic nephronophthisis with compound heterozygous inheritance.

This report highlights the atypical presentation patterns that can be seen in syndromic nephronophthisis, the
importance of genetic diagnosis when there is a high index of suspicion, and the need to further study genet-
ic variants to better understand and diagnose the disease and to develop targeted therapy.
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Background

Ciliopathies are a group of disorders defined by defects in the
formation or function of primary cilia, which are specialized
hair-like organelles that protrude from the surface of nearly all
cells and have been found to have diverse physiologic roles in
the human body [1,2]. There are presently over 950 known cil-
ia-related genes and pathogenic variants resulting in abnormal
or reduced abundance of cilia proteins [2]. Nephronophthisis
(NPHP), a ciliopathy inherited in an autosomal recessive pat-
tern, is characterized by chronic tubulointerstitial nephritis
and a defective urine concentrating capacity, which leads to
end-stage renal disease before the age of 30 years [1-3]. The
NPHP3 gene, linked with some variants of NPHP, encodes for
nephrocystin 3, a ciliary protein that is part of the WNT-1 ca-
nonical signaling pathway during embryogenesis [4]. NPHP is
associated with extrarenal associations in 10-20% of cases,
the genetic basis of which is not fully understood, and they
are usually not seen at initial presentation [1,3]. We describe
a unique case of a patient with adolescent nephronophthisis
who presented with advanced chronic kidney disease and se-
vere pancytopenia, a presenting feature not commonly seen
in nephronophthisis.

Case Report

A 19-year-old woman presented as a transfer patient for fur-
ther evaluation of pancytopenia and renal failure. She was
first noted to have elevated creatinine and anemia 1 year pri-
or to presentation during admission for COVID-19 at an out-
side hospital. She received blood transfusions, with symptom-
atic improvement, but did not follow up with her primary care
provider (PCP) after discharge. She later developed uninten-
tional weight loss of about 8 kg over 6 months, poor appetite,
fatigue, abdominal pain, and intermittent nausea with vom-
iting, which led to her seek care from her primary care pro-
vider (PCP). Routine blood work revealed severe pancytope-
nia and elevated creatinine and she was advised to go to the
emergency room. Records obtained from the transferring hos-
pital were notable for abdominal imaging showing features of
chronic liver disease, bilateral normal-sized echogenic kidneys,
and splenomegaly. She received multiple blood transfusions,
was started on hemodialysis, and was transferred to our cen-
ter for further evaluation.

At presentation, she had no obvious anomalies, height of
160 cm, was afebrile, vital signs were normal, she was not hy-
pertensive, and had no history of hypertension. Physical exam-
ination was significant for palpable splenomegaly. A laboratory
panel was significant for mild hypokalemia, blood urea nitro-
gen of 39 mg/dl, serum creatinine of 7.27 mg/d|, pancytopenia
(total leukocytes of 700/mcl, hemoglobin of 7.5 gm/d|, platelet
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count of 28 000/mcl), normal AST/ALT, alkaline phosphatase
elevated to 162 unit/L, INR-1.5, urine protein creatinine ratio
of 2.3 gm/gm, UPEP with immunofixation showing polyclonal
IgG, and bland urine microscopy. Of note, she had no known
family history of hematological malignancy or kidney disease.

Due to persistent pancytopenia despite packed red blood cell
and platelet transfusions suggestive of a primary hematological
disorder, we performed a bone marrow biopsy, which showed
hypocellular marrow with trilineage hematopoiesis, no evidence
of dysplasia, and normal karyotype. MRI of the abdomen re-
vealed a normal-appearing pancreas and kidneys, morpholog-
ic features of chronic liver disease, fissural widening and lobar
redistribution, and marked splenomegaly with massive para
esophageal varices consistent with portal hypertension. Given
the MRI findings, we also performed a liver biopsy, which re-
vealed patchy irregular portal fibrous bands with focal bridg-
ing septa, and abnormal portal vasculature with an increased
number of bile ducts, consistent with congenital hepatic fibro-
sis. Kidney biopsy, initially deferred due to severe thrombo-
cytopenia despite transfusion, showed mild focal global and
segmental glomerulosclerosis with areas of glomerular hypo-
perfusion, mild-to-moderate chronic interstitial inflammation
(lymphocyte predominant) with advanced interstitial fibrosis
and tubular atrophy (IFTA) (Figure 1), and duplication of tu-
bular basement membranes (Figure 2). Of note, average urine
output during her hospital was 1.9 L/day.

Due to the constellation of clinical findings, a consult was placed
with medical genetics, who ordered a trio of whole-exome se-
quencing via a CLIA-certified lab (GeneDx). The test revealed a
frameshift pathogenic variant of the NPHP3 gene (c.434_437del
p.E145Vfs*3) inherited from her father and a missense likely
pathogenic variant also in NPHP3 (c.430 A>G p.(K144E) inher-
ited from her mother (see ClinVar entry: RCV002266984). The
results were reported in accordance with the 2015 American
College of Medical Genetics guidelines. Combining the mo-
lecular information with her histopathology and clinical pre-
sentation, we established a clinical-pathologic-molecular di-
agnosis of syndromic nephronophthisis. To evaluate for other
associations, we performed a brain MRI, which showed nor-
mal brain morphology and signal intensity.

The patient is now on home hemodialysis 4 times per week via
a radio-cephalic fistula and is currently listed for simultaneous
liver kidney transplant. She follows up with a hematologist as
an outpatient for management of her pancytopenia, receives
packed red blood cell 1-2 times per month via an outpatient
infusion clinic and platelet transfusion on an as-needed ba-
sis. A complete blood count done in our center 17 months af-
ter diagnosis showed, total leukocytes 500/mcl, hemoglobin
6.3 gm/d|, and platelet count 22 000/mcl.
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Figure 1. Kidney biopsy with marked interstitial fibrosis and tubular atrophy (IFTA) with areas of chronic interstitial inflammation
(hematoxylin-eosin stain).
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Figure 2. Tubular basement membrane duplication (blue arrows)
(Jones-Methenamine silver stain).

Discussion

Nephronophthisis (NPHP) accounts for about 5% of renal fail-
ure in children and adolescents and usually progresses to end-
stage renal disease (ESRD) by the third decade of life [1,5].
There are 3 clinical subtypes of NPHP depending on the age
when kidney replacement is required: infantile, juvenile, and
adolescent or adult NPHP, with a median age of 1, 13, and 19
years for ESRD onset, respectively [1,2,4]. Initial symptoms are
usually polyuria and polydipsia, which may go unnoticed, and
cases of oligohydramnios have been reported in infantile NPHP.
Juvenile NPHP is the most prevalent subtype and presents with
growth retardation, functional iron deficiency, and other fea-
tures typically seen in chronic kidney disease. Adolescent NPHP
has a similar presentation to juvenile NPHP, but the patients
progress to ESRD at a later age, as seen in this case [1,3,6].
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Extrarenal manifestations occur in 10% to 20% of nephro-
nophthisis cases. Infantile NPHP has been associated with si-
tus inversus, cardiac ventricular septal defect, and Meckel-
Grube syndrome (MGS) [5,7]. Other extrarenal involvements
include tapeto-retinal degeneration, retinitis pigmentosa in
Senior-Loken syndrome (SLS), central nervous system malfor-
mations in Joubert syndrome, Juene syndrome and other re-
lated skeletal disorders, and liver involvement [1,5,8]. The ma-
jor pathogenic basis for extrarenal manifestation is thought to
be related to the multiorgan presence of primary cilia through-
out the body, commonly referred to as the ciliary theory [5,6].
Liver involvement, commonly referred to as hepatorenal fi-
brocystic disease, is mostly associated with autosomal reces-
sive polycystic kidney disease (ARPKD), and to a lesser extent
with NPHP [9]. Microscopic features of congenital hepatic fi-
brosis (CHF) may be present at birth, but abnormal liver echo-
genicity, splenomegaly, and features of portal hypertension
are only seen at later ages, as in our patient, and more in in-
dividuals with ARPKD [10]. The hepatocellular function is usu-
ally well preserved, with only normal to mildly elevated liver
enzymes [10]. Presentation in late childhood with features of
pancytopenia and splenomegaly usually warrants a detailed
evaluation, which may include a liver biopsy due to the possi-
bility of several etiologies, especially when the pathogenesis
of the renal involvement is not fully understood [10]. In our
patient, the pancytopenia was presumed to be a peripheral
type, due to splenic sequestration.

Establishing a diagnosis of nephronophthisis depends on char-
acteristic clinical findings, including imaging, renal histopa-
thology, and, ultimately, genetic testing. Renal ultrasound in
juvenile and adolescent NPHP shows normal-to-slightly reduced-
sized kidneys with increased echogenicity and, as the disease
progresses, cysts are seen at the corticomedullary junction in
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about 50% of affected patients [1,11]. In contrast to the oth-
er forms of NPHP, enlarged echogenic kidneys with a lack of
corticomedullary differentiation are usually seen on renal ul-
trasound in infantile NPHP [12]. Renal histology classically re-
veals tubulointerstitial fibrosis with diffuse chronic interstitial
inflammation, tubular basement membrane thickening and du-
plication, and cortical or corticomedullary microcysts [1,6]. On
liver histology, individuals with associated congenital hepat-
ic fibrosis usually have portal fibrosis and bile duct prolifer-
ation. In advanced cases, porto-portal bridging may be pres-
ent, as in our patient [6,9]. Genetic testing may be performed
with a multi-gene ciliopathy panel in cases where the diagno-
sis is highly suspicious. In cases with a puzzling presentation,
such as in this case report, whole-exome sequencing is an op-
tion, preferably including samples of both parents. Any genetic
testing should be done with appropriate pre-test counselling.
Molecular confirmation of NPHP is possible in about 60% of
affected individuals by identifying the pathogenic variants in
the NPHP-associated genes [1,13,14]. Our patient was found
to have an autosomal recessive inheritance of the NPHP3 gene
with compound heterozygous variants: a pathogenic variant
(p.E145Vfs*3) inherited from her father and a likely pathogen-
ic variant (p.K144E) inherited from her mother. The frameshift
variant was first described by Halbritter et al in 2012, where it
was identified in the heterozygous state in infantile NPHP, but
a variant on the other allele was not identified [15]. The mis-
sense likely pathogenic variant, found on the opposite NPHP3
allele, has not been previously published as pathogenic or be-
nign to the best of our knowledge, but has been observed with
a pathogenic variant on the opposite allele in another individ-
ual with nephronophthisis at GeneDx.

There are about 25 known gene-disease associations with
NPHP and most of these variants result in loss of function
of the proteins [5,14]. Proteomic studies have revealed these
proteins form macromolecular complexes known as nephro-
cystin modules, which work simultaneously to support cilio-
genesis and ciliary function [5,14]. Nephrocystin 1 encoded by
NPHP1, is an adaptor protein found on primary cilia and renal
epithelial cells. It interacts with molecules involved in cell ad-
hesion and signaling and with other NPHP gene products, in-
cluding NPHP2, 3, 4, and 8 and altogether are part of a common
pathway in the primary cilium of kidney cells [5,6,13]. NPHP1
pathogenic variants are the most common cause of NPHP in
20-40% of cases and are mostly associated with the juvenile
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form [5,10]. NPHP2 is mostly associated with infantile NPHP,
while NPHP3 is usually associated with adolescent NPHP and
some cases of infantile NPHP [5,13]. Congenital hepatic fibro-
sis is mostly associated with pathogenic variants in NPHP2 and
NPHP3 [10]. The latter is expressed in neural tissue, kidney
tubules, retina, biliary tract, and the liver, which may explain
the wide phenotypic nature, as observed in our patient [13].

Despite the advances in kidney genomics, there is no target-
ed therapy for NPHP. Management is mostly supportive when
chronic kidney disease develops, and as patients progress to
ESRD, transplantation and dialysis are the available treatment
options [1,5]. A study by Wen et al, evaluating the outcomes
of transplantation in children with hepatorenal fibrocystic dis-
ease who received kidney, liver, or simultaneous liver kidney
(SLK) transplantation over a 20-year period (1990-2010) using
the United States Scientific Registry of Transplant Recipients,
showed approximately 80% of the patients received kidney
transplantation and 5% required SLK. Of note, only 20 out of
the 716 patients with hepato-renal fibrocystic disease (HRFCD)
in this registry had a diagnosis of NPHP and all received kid-
ney transplant only [16]. This is quite different from our pa-
tient, who presented with advanced liver disease and will re-
quire a simultaneous liver kidney transplant.

Conclusions

NPHP is a known genetic disease in children and adolescents
with chronic kidney disease and ESRD. Patients with HRFCD
associated with NPHP are a smaller subset with non-specific,
clinical features and with a significant percentage of affected
individuals not fully diagnosed with our current understanding
of the genomics of these patients. This report highlights the
atypical presentation patterns that can be seen in syndromic
nephronophthisis with HRFCD, the importance of genetic diag-
nosis when there is a high index of suspicion, and the need to
further study genetic mutations to better understand and di-
agnose the disease with the hope of offering targeted therapy.
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