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Male, 3-year-old

Autosomal recessive polycystic kidney disease ¢ polycystic liver disease
Enlarged cystic kidneys ¢ hyperbilirubinemia

Kasai procedure

Genetics ¢ Pediatrics and Neonatology

Rare disease

The polycystic kidney and hepatic disease 1 (PKHD1) gene codes for fibrocystin-polyductin, a protein that takes
part in cell-signaling for cell differentiation, especially in kidney tubules and bile ducts. A homozygous or com-
pound heterozygous defect in this gene can cause autosomal recessive polycystic kidney disease (ARPKD).
Polycystic liver disease (PCLD) can also be caused by single heterozygous variants in the PKHD1 gene. ARPKD
presents with renal insufficiency and cystic dilatation of bile ducts, although disease is not expected with a
single heterozygous mutation. PCLD presents with multiple cysts in the liver and dilated bile ducts as well, but
with less of an impact on the kidneys than with ARPKD. Our purpose in publishing this report is to introduce
an as-yet unknown variant to the body of genetic defects associated with ARPKD and PCLD, as well as to argue
for the likely pathogenicity of the variant according to the prevailing criteria used for classifying gene variants.
We present a patient with a de novo PKHD1 variant currently classified as a variant of unknown significance
manifesting with bilaterally enlarged cystic kidneys and echogenic cystic structures in the hepatic portal sys-
tem, indicative of cystic disease.

Given this patient’s liver and kidney presentation that does not fully align with either ARPKD or PCLD, the au-
thors believe that the single heterozygous variant in this patient’s PKHD1 gene is worthy of reporting. This
new single heterozygous variant in PKHD1 gene causing cystic kidney and cystic hepatic disease in the pa-
tient should be considered ‘likely pathogenic’ according to the criteria set by the American College of Medical
Genetics.

PKHD1 Protein, Human ¢ Polycystic Kidney Disease 1 Protein ¢
Polycystic Kidney, Autosomal Dominant ¢ Polycystic Kidney, Autosomal Recessive ¢
Polycystic Liver Disease

https://www.amjcaserep.com/abstract/index/idArt/938507

%1809 EEI— MZI4 %17

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher

€938507-1

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Background

Autosomal recessive polycystic kidney disease (ARPKD) is a ge-
netic ciliopathy caused by mutations in the polycystic kidney
and hepatic disease 1 (PKHD1) gene. It is estimated to affect 1
out of every 20 000 live births [1]. It is invariably accompanied
by congenital hepatic fibrosis (CHF), although clinical symp-
toms of CHF are present in only 50% of newborns. Phenotypes
of ARPKD/CHF vary widely in presentation and severity. Renal
symptoms are caused by non-obstructive dilatation of renal
collecting ducts; they include hypertension, nephromegaly, and
renal insufficiency [2]. Symptomatic CHF becomes more prev-
alent as long-term survival improves and patients enter their
second and third decades of life. These symptoms can man-
ifest as portal hypertension, causing esophageal and gastric
varices, gastrointestinal bleeding, and recurrent cholangitis [3].
Cystic dilation of the common or intrahepatic bile ducts can
also occur, known as Caroli syndrome. Caroli syndrome may
present with jaundice, biliary cirrhosis, and recurrent bacteri-
al cholangitis [2,4,5].

More than half of ARPKD patients are diagnosed in the peri-
natal period. Diagnosis of ARPKD is confirmed by the iden-
tification of biallelic pathogenic variants of PKHD1 through
molecular genetic testing, the presence of CHF, and renal en-
largement [4]. Enlarged kidneys with high echogenicity are ob-
servable on fetal ultrasound, of which a potential consequence
is oligohydramnios and even pulmonary hypoplasia, the leading
cause of mortality in neonates with this disease [6]. Patients
that survive the first year of life have a 10-year survival rate
of 82% [7]. Most of the patients undiagnosed in this stage will
present in childhood with any combination of the previously de-
scribed liver or kidney symptoms, and a small minority present
as adults with hepatic dysfunction as the primary issue [2,4].

The PKHD1 gene responsible for ARPKD/CHF is located on
the short arm of chromosome 6 (6p12.2). The gene contains
at least 470 kb comprised of 86 axons, which can be alterna-
tively spliced, and 67 of these exons make up its largest open
reading frame (ORF), encoding the protein product fibrocystin/
polyductin (FCPD) [6]. FCPD is a receptor-like protein with ex-
tracellular, transmembrane, and intracellular domains, found
in the primary cilia and basal bodies of the epithelial cells of
both the liver and the kidneys, although its actual function re-
mains unclear [2,5]. Although about 20% of all PKHD1 mutations
can be traced to a specific missense mutation (p.Thr3éMet),
most mutations are rare variants spread throughout the gene,
many of which are exclusive to a single family. The majority
of ARPKD/CHF patients are compound heterozygous for these
alleles [2,6]. The great heterogeneity of allelic variants in the
PKHD1 gene is likely the primary contributor to the large dif-
ferences in the phenotype and severity of the disease in af-
fected individuals.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€938507-2

Van Buren J.D. et al:
De novo PKHD1 variant causes cystic liver disease
© Am J Case Rep, 2023; 24: €938507

SAG RIGHT LIVER MED-LAT

Figure 1. Transverse sonographic image of the liver
demonstrates diffusely heterogeneous/coarsened
architecture suggesting underlying hepatocellular
disease.

We report a case in which a child heterozygous for a unique
variant of the PKHD1 gene presented with important liver in-
volvement accompanied by mild cystic kidney disease. Although
mutations in the PKHD1 gene are usually associated with
ARPKD, its heterozygous de novo nature, as well as its clinical
presentation, do not align with typical ARPKD, which we con-
sider worthy of publishing.

Case Report

A 3-month-old boy with unremarkable birth, past medical/sur-
gical history, and social history presented with unresolved jaun-
dice after initial diagnosis of hyperbilirubinemia as a newborn,
at which time he was treated with intravenous fluids (IVF) and
phototherapy. His mother’s pregnancy was uncomplicated. The
patient showed no other issues besides very light-yellow stools.
Blood chemistry showed elevated bilirubin and liver enzymes
(total bilirubin 11.1 mg/dl; direct bilirubin 6.3 mg/dl; aspar-
tate aminotransferase (AST) 262 U/L; alanine aminotransfer-
ase (ALT) 105 U/L; alkaline phosphatase (AP) 1653 U/L; total
protein 5.1; g/dl albumin 3.5 g/dl). Hepatic sonography did not
show dilated ductal structures, and the gallbladder appeared
unusually small (Figure 1).
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Figure 2. Transverse sonographic image of the liver in the
periportal region shows ill-defined hyper-echoic
regions adjacent to the portal vessels (arrows) which
can reflect periportal fibrosis.

The boy was subsequently diagnosed with biliary atresia, and
a cholangiogram with the intent of Kasai procedure was rec-
ommended and performed shortly thereafter.

At age 3 months, the patient was referred for genetic test-
ing for newly detected bilaterally enlarged cystic kidneys and
echogenic cystic structures in the porta hepatis region and in-
ferior right hepatic lobe (Figures 2-4).

A Polycystic Kidney Disease Panel performed by GeneDx deter-
mined that the patient had a heterozygous variant of unknown
significance in exon 62 of the PKHD1 gene (c.11207T>A/p.
13736K; NM_138694.3; chr 6: 51513986). Upon further query,
his family history included 3 maternal family members with
renal disease, and a paternal grandfather that required a liv-
er transplantation in his 40’s. An attempt was made to estab-
lish hereditability of the patient’s phenotype, so familial vari-
ant analysis was performed. The mutation was determined to
be a de novo mutation when analysis revealed that neither
parents’ genomes contained the variant.

At follow-up, the boy appeared well and was asymptomatic
while being continuously monitored by hepatology and nephrol-
ogy services. Magnetic resonance cholangiopancreatography
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Figure 3. Longitudinal sonographic image of the right kidney
depicting large-for-age but otherwise normal-
appearing kidney.
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Figure 4. Longitudinal sonographic image of the left kidney
depicting a large-for-age but otherwise normal-
appearing kidney.

(MRCP) performed then showed 2 porta hepatis cysts and
thickening/prominence of numerous portal triads.

Discussion

The FCPD protein product of PKHD1 is a very large protein,
thousands of amino acids in size, with numerous alternative-
ly spliced products that interact with many other gene prod-
ucts, making precise genotype/phenotype correlations difficult
to establish when altered in any way. Its interactions with the
protein products of polycystin 1 and 2 (PC1 and PC2), altera-
tions of which cause autosomal dominant polycystic kidney dis-
ease (ADPKD), and the genes protein kinase C substrate 80K-
H (PRKCSH) and Sec63, alterations of which cause polycystic
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liver disease (PCLD), are useful in beginning to understand its
role in cyst formation.

ADPKD has similar symptoms to ARPKD, but manifests later
in life with a genotype-dependent progression to end-stage
renal disease. The polycystic kidney disease 1 and 2 genes
(PKD1 and PKD?2) are responsible for cellular sensory signal-
ing on the apical surface of the primary cilia of both kidney
tubules and biliary epithelia [8].

The liver cysts of PCLD are identical to those of ADPKD; how-
ever, PCLD does not involve the kidney. In a cohort of PCLD
patients, 35% of the cases were explained by loss-of-func-
tion mutations in glucosidase Il-beta (Gllbeta), encoded by
the PRKCSH gene, and Sec63, encoded by the Sec63 gene,
both of which are responsible for post-translational modifica-
tion of PC1 and PC2 in the endoplasmic reticulum. Alterations
in PRKCSH and Sec63 lead to the occurrence of ADPKD and
PCLD in a polycystin dose-dependent manner [9]. Significant
to our case is that heterozygous carriers of PKHD1 variants
were found in at least 10% of PCLD cases unexplained by vari-
ants in Gllbeta and Sec63. Uniquely, this population displayed
numerous small liver cysts on computed tomography imag-
ing, whereas PCLD cysts from other gene variants tended to
be larger and fewer. The prevalence of heterozygous PKHD1
mutations in the PCLD cohort relative to the same mutations
in the general population was enough to be statistically sig-
nificant, supporting the hypothesis that heterozygous PKHD1
variants have pathogenic potential [10].

Although the same study demonstrated that PKHD1 was not
directly related to PC1 and PC2 function, its prevalence in pa-
tients with cystic kidney disease may point to an as-yet un-
known interaction between FCPD and polycystin [8]. Such a
possibility is supported by a study in which mice with a homo-
zygous PKHD1 mutation had a much more severe presentation
of both kidney and liver cystic disease when combined with a
heterozygous mutation in PKD1 [10]. In researching the inter-
relationships between the 5 genes mentioned (PKD1, PKD2,
Gllbeta, Sec63, and PKHD1), PC1 expression demonstrated a
significant influence over cyst formation, acting as the rate-
limiting component in cyst development for PCLD, ADPKD, and
ARPKD [9]. However, PC1 overexpression in PKHD1del4/del4
mice did not reduce liver cysts, suggesting that PKHD1 does
have some function in bile ducts independent of PC1 activity.

Located 11 amino acids downstream from an N-glycosylation
site, variants at this locus can adversely affect cell adhesion
and communication, thereby hindering terminal differentiation
of the epithelial cells that make up renal canaliculi and biliary
duct cell adhesion in tandem with other proteins (including
PC1) [11,12]. Additionally, its proximity to the splice acceptor
site of exon 62 could cause aberrant splicing [13].
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According to the criteria described by the American College of
Medical Genetics, we attest that the mutation found in this
patient should be considered ‘likely pathogenic’, with the fol-
lowing supporting evidence: The mutation fulfills 1 criterion
in the ‘strong’ category (PS2), given that it is a de novo mu-
tation in the child where the absence of the variant was con-
firmed in both parents. Additionally, it also fulfills 1 criterion
in the ‘moderate’ category (PM2); the variant found in this pa-
tient has not been recorded in any existing exome databas-
es. Lastly, other ‘supporting’ level criteria met by this muta-
tion include PP3 and PP4. The variant present in our patient
is unattested in ClinVar and Leiden Open Variation Database
(LOVD), with a Provean score of -2.63 (<-2.5 arguing a delete-
rious effect on protein structure/function), fulfilling PP3, and
because the patient presented with symptoms not dissimilar
to those of PCLD, which has been shown to result from PKHD1
gene mutations, PP4 is also fulfilled [14,15]. ‘Likely pathogenic’
classification demands fulfillment of 1 ‘strong’ and 1-2 ‘mod-
erate’ criteria to be satisfied. We believe the evidence provid-
ed adequately supports the ‘likely pathogenic’ classification
and obviates a need to search for an alternative cause for our
patient’s phenotype [16].

Although all the previous data was used to support ideas of
how aberrancy in the interactions between the products of
these genes may be causing disease in this case, a limitation
of this study is that the research surrounding the minutia of
these interactions is ambiguous at best, and much is still left
to conjecture. Another limitation is that RNA transcriptomic
studies of our patient’s variant were not performed, but they
could be definitive in not only determining its deleterious na-
ture, but also being able to quantify the extent to which it af-
fects functional mRNA production.

We hope that the unique location and properties of this vari-
ant can help contribute to what is known about the genes re-
sponsible. A recent study has shown the importance of cilia in
organoid differentiation using Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR) [17]. Further research into
this technology, as well as additional patients with this same
variant manifesting similar findings, could elucidate the ways
PKHD1 affects tubule development and lead to novel thera-
peutic discoveries.

Conclusions

In summary, we present a patient harboring a de novo variant
of PKHD1 who presented with liver and kidney cystic disease
that does not perfectly align with either ARPKD or PCLD, the
diseases typically associated with this gene. Based on the pre-
viously mentioned ACMG criteria, we hypothesize that the loca-
tion and type of this variant is very likely causing this patient’s
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presentation in the absence of any other causative mutation
or disease. We thus recommend that the classification of this
mutation be considered ‘likely pathogenic’.
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