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Abstract

Hyperuricemia is a metabolic abnormality, either acquired or inherited, characterized by elevated levels of uric acid (UA) in the
serum. We are interested in the case report regarding hereditary hyperuricemia.

In this case, we are reporting on an 18-year-old man who experienced repeated gout attacks, hyperuricemia, and reduced fraction
ejection of uric acid (FEUA). Additionally, he had renal anomalies such as proteinuria and renal hypoplasia and Focal and
segmental glomerulosclerosis (FSGS) in the kidney biopsy and eye fundus revealed a bilateral optic disc pit .These findings
prompted us to conduct a genetic study on the patient. To our surprise, the DNA sequence analysis did not detect mutations in
UMOD or REN, which are commonly associated with familial juvenile hyperuricemic nephropathy (FJHN). Instead, a mutation
in the paired box 2 (PAX2) gene was identified which is a very rare entity. We concluded that the patient had papillorenal
syndrome (PAPRS).

Hyperuricemia is a rare and uncommon manifestation in patients with PAPRS and PAX2 mutation, and has only been documented
in three studies in the literature. The diagnosis of PAPRS is often underestimated and not well-known by clinicians. It exhibits
high clinical variability and phenotypic heterogeneity without well-defined diagnostic criteria. The presence of hyperuricemia
should prompt consideration of this diagnosis and it should be included in the diagnostic criteria for PAPRS in the future.
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Abbreviation: UA : Uric acid; FEUA : Fractional extraction of
uric acid; GFR: Glomerular Filtration Rate; UMOD: Uromodulin;
PAX 2: Paired box 2; GWAS: Genome wide association studies;
OMIM: Online Mendelin Inheritance in Man; ESRD: End stage
of renal disease; MCKD: Medullary cystic kidney disease; FIHN:
Familial juvenile hyperuricemic Nephropathy; CKD: Chronic
kidney Disease; ENT: Ear nose throat; FSGS: Focal and segmental
glomerulosclerosis; PAPRS: Papillorenal syndrome; VUR:
Vesicoureteral reflux; CAKUT: Congenital kidney and urinary
tractus; GLUT9: Glucose transporter; URAT: urate transporter 1.

Introduction

Hyperuricemia is a metabolic abnormality, either acquired or
inherited, characterized by elevated levels of uric acid (UA) in
the serum. UA is primarily synthesized in the liver, intestines, and
vascular endothelium as the product of purine metabolism. Purines
can originate from the degradation of damaged, dying, and dead
cells, either from exogenous or endogenous sources. The kidney
plays a key role in excreting UA, eliminating approximately 70%
of the daily produced UA through various molecules expressed
in the renal proximal tubule, such as transporter 9 (GLUT9) and
urate transporter 1 (URAT1). When UA production surpasses UA
excretion, hyperuricemia occurs [1].

Acquired hyperuricemia may result from a purine-rich diet,
certain medications, myeloproliferative disorders, obesity, and
metabolic syndrome due to insulin resistance and its impact on
reducing urinary urate levels [2,3]. Hereditary hyperuricemia
can appear as an isolated non-syndromic disease or as part of a
syndromic disorder. Genome-wide association studies (GWAS)
have reported associations between hyperuricemia and around 30
loci. The Online Mendelian Inheritance in Man (OMIM) database
lists approximately 20 syndromes associated with hyperuricemia,
including Lesch—Nyhan syndrome, phosphoribosylpyrophosphate
synthetase super activity, autosomal dominant tubulointerstitial
kidney disease (previously known as medullary cystic kidney
disease , and familial juvenile hyperuricemic nephropathy (FJHN)
) [4,5]. FJHN is the most common genetic disorder associated to
hyperuricemia, with a UMOD mutation caused in 25-85% of cases
by a UMOD mutation, and less than 5% by a REN mutation [6,7].

Studies have shown that uric acid levels increase progressively with
age typically starting at around 40 years old [8]. Hyperuricemia,
and especially gout attacks in a young patient, are uncommon and
may indicate a genetic cause.

We present a case of a young man with hyperuricemia, gout,
reduced FEUA, and CKD. DNA sequence analysis did not detect
mutations in UMOD or REN, but did find a mutation in the paired

box 2 (PAX2) gene, which is extremely rare.
Case Presentation

We report the clinical case of an 18-year-old young man of Turkish
origin, with no parental consanguinity, who presented to an internal
medicine consultation for recurrent gout attacks, with three attacks
in one year.

On medical history, the patient complained of snoring and daytime
fatigue, but no other specific complaints or symptoms, such as
neurological manifestations, articular manifestations apart from
at the time of the gout attacks, cutaneous or ophthalmological
manifestations, the patient did not take anti-inflammatory drugs
and did not consume drugs, alcohol or tobacco. The clinical
examination revealed WHO grade 1 obesity, with a body mass
index of 32.08 kg/m2. The rest of the clinical examination was
normal, including normal blood pressure and absence of edema
of the lower limbs. ENT and neurological examinations revealed
no hearing loss or neurological abnormalities. In terms of family
history, the patient’s grandfather had chronic kidney disease,
specifically immunotactoid glomerulonephritis, and there was no
history of kidney disease in other family members.

An initial laboratory investigations revealed hyperuricemia at 14.5
mg/dl (Normal Value (NV) = 3.5 -7.2 mg/dl) with a reduced UAEF
of 4.5% (NV = 7.5 £ 1.8%), elevated serum creatinine of 1.3 mg/
dl [NV = 0.5-1.2 mg/dl], proteinuria of 1900 mg/g creatinine (NV
<300 mg/g) (Table 1). Various biological tests were conducted to
exclude other causes of hyperuricemia and proteinuria, as well
as other pathological conditions. The results were as follows:
viral serology (HIV, Hepatitis B and C) was negative, C3 and C4
complement levels were normal, anti-DNA, anti-PLA2r, ANCA
antibodies were negative, and urine sediment was negative. There
was no hypergammaglobulinemia or monoclonal peak on plasma
protein electrophoresis, and no diabetes. Only a slight disturbance
of liver enzymes was observed.

Imaging revealed hepatic steatosis and moderate hepatomegaly on
abdominal ultrasound, the kidneys were small, the right kidney
measuring 86x28 mm and the left kidney 84x26 mm (normal size
18 95-110 x 32-38 mm). A PET-CT scan was performed to rule out
malignant pathology as the cause of the hyperuricemia, but the
result was negative.

Regarding the eye examination, the fundus showed bilateral
inferotemporal excavation of the optic disc or optic disc pits, with
a sharp papilla, a normal macula, and unremarkable blood vessels
and periphery as depicted in Figures 1&2.
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Figures 1&2: Eye fundus showing optic disc pit inferotemporal
of the both eyes.

-A right renal biopsy was performed, yielding 10 glomeruli, a light
microscopy revealed a segmental and focal glomerulosclerosis
(FSGS) with no chronic lesions and no evidence of immune-
mediated glomerulonephritis, morphological classification of
FSGS (COLOMBIA): NOS (Figure 3).The electron microscopy
showed podocyte foot process effacement typical lesion found
inFSGS (Figure 4) and the immunofluorescence: IgA, IgG, IgM,
C3, Clq was negative .

Figure 3: light microscopic study of kidney biopsy showing FSGS.

Figure 4: Electron microscopy study of kidney biopsy showed
podocyte foot process effacement.

Given all the anomalies found in our patient, such as sub nephrotic
proteinuria, symptomatic hyperuricemia with several gout attacks,
renal hypoplasia, renal biopsy in favour of FSGS, and ophthalmic
anomalies, a genetic study was conducted. The genetic sequencing
confirmed the absence of UMOD and REN abnormalities.
Additionally, no abnormalities were found within the SEC61A1
and HNF-1pB genes, which have been reported to be associated
with FJHN. Instead, a heterozygous nucleotide substitution was
identified: ¢.310 C>T, leading to a missense mutation (p.Arg104*)
in the PAX2 gene. This mutation involves the substitution of an
arginine codon by a stop codon at position 104, thus interrupting
the reading frame and leading to the production of a shortened
protein. This mutation has already been described in the literature
and is pathogenic.
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Clinical and biological

investigations Results Normal Range
Serum creatinine ( mg/dl ) 1,4 0,5-1,2
T
P/C Ratio (mg/g) 1950 <300
Uric acid(mg/dl) 14,5 3,5-7,2
Gout +
Fe UA (%) 4,5 7,5+/-1,8

Renal ultrasonography (mm Right :86x28

95-110 x32-38

X mm) Left : 84 X27
Optic disc pits
Eye fundus bilateral
heterozygous
Gene study mutation in
PAX2¢.310 C>T
Kidney biopsy FSGS

Note: + = present ; Abbreviation: GFR : glomerular filtration rate ;
CKD-EPI : chronic kidney disease epidemiology collaboration (CKD-
EPI) formula ; P/C ratio : proteinuria to creatinuria ratio ; FEUA
:fractional excretion of uric acid , PAX2 : Paired box 2; FSGS : Focal
and segmental glomerulosclerosis

Table 1: Relevant clinical and biological abnormalities in the
patient.

The patient was treated with medication to correct the metabolic
disorders caused by chronic kidney disease (CKD) and high levels
of uric acid. The progress of the CKD was monitored closely, and
the patient is currently stable with medical therapy. However,
close follow-up is being maintained to ensure prompt intervention
if there are any changes in the patient’s clinical condition. The
patient also underwent regular follow-up appointments for
ophthalmology and hearing tests.

The treatment focused on reducing protein filtration and uric
acid levels by using Renin-angiotensin system inhibitors and
hypouricemic medication. Additionally, the patient was advised to
reduce protein, salt, and purine intake in their diet. Weight loss
and regular physical exercise were strongly recommended for the
patient. Management of the disease was focused on preventing
ESKD and vision loss. Strategies include blood pressure control,
avoidance of nephrotoxic drugs, and prevention of retinal
detachment.

Discussion

The PAX2 gene encodes a nuclear transcription factor located
near bands q24 and 25 on chromosome 10. It is one of the nine
PAX paired box genes that encodes a DNA binding protein. This
protein is mainly expressed during early embryonic development
of the kidney, eye, central nervous system, ear, urogenital tract,
and pancreas. Current data shows that it plays a crucial role in
embryonic kidney development by regulating differentiation and
renal cell proliferation at various fetal stages [9,10].

The PAX2 gene mutations have been mostly reported in patients
with Papillorenal syndrome (PAPRS) (OMIM 120330). This
syndrome is an autosomal dominant disease characterized
by congenital renal and optic nerve abnormalities associated
with mutations of the PAX2 gene [11,12]. PAPRS was initially
described in 1977 as renal coloboma syndrome and later renamed
papillorenal syndrome (PAPRS) [13,14]. In a series of patients with
PAPRS and proven PAX2 mutations, renal, eye abnormalities, and
high-frequency hearing loss were found in 92%, 77%, and 7% of
patients, respectively [11].

The mutations of the PAX2 gene in human and mouse models have
been associated with various renal anomalies. The most commonly
encountered malformation is renal hypoplasia, found in 65% of
cases (in 114 of 173 affected individuals) as in our patient’s case
[11,15]. Kidney Hypoplasia is usually bilateral and characterized
on ultrasound examination by hypoplasia (small size for age)
and hyper echogenicity. In fact, the PAX2 mutation is the most
common cause of renal hypoplasia because of the important role
played by PAX 2 in renal organogenesis [16].Zhang et al. reviewed
and summarized 46 cases of PAX2 mutation from 2000 to 2016to
study the correlation between phenotype and genotype and all
the cases had renal hypoplasia [17]. Nishimoto et al. suggested
also that renal hypoplasia was part of the RCS that was caused by
heterozygous mutations of the PAX2 gene [18].

Other renal findings include vesicoureteral reflux (VUR), renal
cysts, and multicystic dysplastic kidneys, occurring in 15%,
less than 10%, and 5% of patients, respectively. Renal failure is
reported in approximately 15% of cases, while chronic kidney
disease (CKD) stage 5 requiring a kidney transplant is common
and has a range of onset from birth to greater than 75 years of age
[11]. Most data are aggregated from individual case reports and
small case series, the exact incidence of ESKD requiring kidney
transplantation is not precisely known.

Recent discoveries have found that the PAX2 gene is re-expressed
in nephropathy and acts as a suppressor of WT1, an important
transcription factor of podocytes. Its mutation causes congenital
nephrotic syndrome and FSGS [19]. In immune kidney diseases,
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Letavernier et al observed changes in podocyte phenotypes in
focal segmental glomerulosclerosis (FSGS) and found that PAX2
is implicated in the pathogenesis of renal interstitial fibrosis
and glomerulosclerosis [20]. Zhang et al found that in primary
nephrotic syndrome, PAX2 expression in renal tubules in steroid-
resistant children was significantly increased compared to steroid-
sensitive children [21]. In 2014, PAX2 was found to be associated
with adult-onset focal segmental glomerulosclerosis (FSGS) and
was listed as a causative mutation of FSGS [22; 23]. In our case,
the patient has proteinuria and FSGS in the kidney biopsy as shown
in pictures 2-3. According to a recent Korean study, including 27
patients with PAX2 mutations detected from 2004-2022, 4 of them
had FSGS [24].

Around 77% of patients with PAX2 mutations present optic nerve
involvement. Affected individuals may have unilateral or bilateral
optic disc anomalies ranging from an optic disc pitto a chorio-retinal
coloboma. The most common alteration is optic nerve dysplasia,
characterized by an enlarged optic disc with emerging peripheral
vessels and cilioretinal vessels. Other described characteristics
include a vacant optic nerve with a central excavation, absence of
the central retinal artery, presence of multiple cilioretinal arteries
in radial formation, retinal coloboma, and retro bulbar optic nerve
cysts [11]. In our case report, the patient has bilateral optic disc
pits, as shown in pictures 3 and 4. According to the study by Bower
et al, this anomaly was found in less than 10% of patients. Other
ophthalmoscopic findings include optic nerve coloboma, optic
disc dysplasia, morning glory anomaly, and hypoplastic optic
discs, occurring in approximately 50%, over 10%, 5%, and less
than 5% of patients, respectively [11]. The Consequences of the
ocular malformations include decreased visual acuity, blindness,
and retinal detachment.

Zhang et al. reviewed and summarized reported cases of PAX2
mutation from 2000 to 2016, including 46 cases. They observed the
reported phenotype and genotype of PAX2 mutation, as well as the
different types of PAX2 mutations, such as frame-shift, missense,
splice sites, and deletions found in patients with PAPRS. There are
no clear genotype/phenotype correlations, and variable types of
PAX2 located across 10 of the 12 PAX2 exons can lead to similar
phenotypes. Additionally, the same mutation within members of
the same family can have variable penetrance and manifestations
of PAPRS [17]. This was confirmed by the Korean report, which
performed a genotype-phenotype analysis in patients with PAX2
mutations [24]. Other less common abnormalities observed in
patients with PAX2 mutations include neurosensory auditory
loss (found in 7% of those affected), central nervous system
malformations, cognitive delay, ligament laxity, and elevated
pancreatic amylase levels [25].

Our patient presented with hyperuricemia, reduced FEUA, and

recurrent gout attacks, which led to their consultation with the
internal medicine department. This condition is rare and has been
documented in patients with a PAX 2 mutation, with only three
unrelated families reported in the literature. In 2013, Megaw et
AL reported a case of a family with a PAX2 frameshift mutation,
involving five affected males across three generations, all of whom
experienced hyperuricemia and/or gout [26].

In 2019, Deng et al. reported a study involving 10 pediatric
patients with a de novo heterozygous mutation of PAX2, resulting
in a missense Arg140Trp mutation. This mutation was identified in
a 14.8-year-old girl who presented with hyperuricemia, gout, renal
disease, and ophthalmic abnormalities consistent with PAPRS
[27,28]. In 2020, Stevenson et al. reported a case involving a
family of 9 patients, 5 of whom had the PAX2 mutation. Among
them, 2 had hyperuricemia and reduced FEUA with gout [29].

The direct relationship between the PAX2 mutation and
hyperuricemia is not yet clear and has not yet been studied.
However, it can probably be explained by the presence of renal
anomalies and agenesis encountered with a PAX2 gene mutation
who plays a crucial role in embryonic renal development. Uric
acid is primarily excreted by the proximal tubule, specifically
by membrane transporters such as GLUT9, and URAT1 [30,31].
Urinary excretion of uric acid is therefore influenced by these
factors.

Conclusion

Hyperuricemia does not seem to be a common symptom in
patients with PAX2 mutations. Based on the literature, renal and
ophthalmological abnormalities are the most frequently reported.
However, hyperuricemia, especially in young patients, those
with chronic kidney disease with no known cause, and/or family
histories of kidney diseases, should alert clinicians, especially
ophthalmologists, internists, and nephrologists to consider the
possibility of a PAX2 mutation diagnosis. It is important to
note that the diagnosis of PAPRS is underestimated and poorly
known by clinicians. In conclusion, the term PAPRS should be
replaced with PAX2-related disorder due to the significant clinical
variability and phenotypic heterogeneity, the lack of correlation
between phenotype and genotype, and the absence of well-defined
diagnostic criteria of PAPRS of which hyperuricemia should
definitely be included in the future.
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