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����������
�������

Citation: Stiburkova, B.; Bohatá, J.;

Pavelcová, K.; Tasic, V.;

Plaseska-Karanfilska, D.; Cho, S.-K.;
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Abstract: Renal hypouricemia (RHUC) is caused by an inherited defect in the main reabsorption
system of uric acid, SLC22A12 (URAT1) and SLC2A9 (GLUT9). RHUC is characterized by a de-
creased serum uric acid concentration and an increase in its excreted fraction. Patients suffer from
hypouricemia, hyperuricosuria, urolithiasis, and even acute kidney injury. We report clinical, bio-
chemical, and genetic findings in a cohort recruited from the Košice region of Slovakia consisting of
27 subjects with hypouricemia and relatives from 11 families, 10 of whom were of Roma ethnicity.
We amplified, directly sequenced, and analyzed all coding regions and exon–intron boundaries of the
SLC22A12 and SLC2A9 genes. Sequence analysis identified dysfunctional variants c.1245_1253del and
c.1400C>T in the SLC22A12 gene, but no other causal allelic variants were found. One heterozygote
and one homozygote for c.1245_1253del, nine heterozygotes and one homozygote for c.1400C>T, and
two compound heterozygotes for c.1400C>T and c.1245_1253del were found in a total of 14 subjects.
Our result confirms the prevalence of dysfunctional URAT1 variants in Roma subjects based on
analyses in Slovak, Czech, and Spanish cohorts, and for the first time in a Macedonian Roma cohort.
Although RHUC1 is a rare inherited disease, the frequency of URAT1-associated variants indicates
that this disease is underdiagnosed. Our findings illustrate that there are common dysfunctional
URAT1 allelic variants in the general Roma population that should be routinely considered in clinical
practice as part of the diagnosis of Roma patients with hypouricemia and hyperuricosuria exhibiting
clinical signs such as urolithiasis, nephrolithiasis, and acute kidney injury.

Keywords: renal hypouricemia; SLC22A12; URAT1; ethnic specificity; Roma

1. Introduction

Hypouricemia, defined as a serum uric acid (UA) concentration < 120 µmol/L, is a rare
laboratory finding with a prevalence of 0.21–0.53% that varies with age [1,2]. Secondary
hypouricemia may be caused by Fanconi syndrome, cystinosis, diabetes mellitus, and/or
inappropriate antidiuretic hormone secretion syndrome. Primary hypouricemia can result
from decreased UA production by a blockade of the last step of purine degradation,
e.g., hereditary xanthinuria, but is more commonly due to decreased renal tubular UA
reabsorption, e.g., renal hypouricemia.
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Renal hypouricemia (RHUC) is a rare heterogeneous inherited disease caused by a dys-
function of the primary renal urate transporters: URAT1 (gene SLC22A12, OMIM #220150)
and GLUT9 (gene SLC2A9, OMIM #612076), resulting in impaired tubular transport of
UA, insufficient reabsorption, and/or increased secretion by a mechanism of endothelial
dysfunction [3–7]. The biochemical markers are characterized by hypouricemia and an
increased fractional excretion of UA (FE-UA). Clinically, the disease presents with urolithi-
asis, nephrolithiasis, and, in some patients, acute kidney injury that often occurs after
physical exertion [8]. No treatment is available; however, allopurinol has been used to
prevent the recurrence of acute kidney injury episodes [9].

RHUC patients have been described in different ethnic groups and geographically
noncontiguous countries; over 200 cases with URAT1 variants and ~20 cases with GLUT9
defects have been reported to date worldwide. The loss-of-function SLC22A12 variants
(in compound heterozygous and/or homozygous state) are the primary cause of renal
hypouricemia (> 90%), with significant population specificity: the high incidence of RHUC1
in Japanese and Korean patients reflects the 2.3% allelic frequency of the prevalent dysfunc-
tional variant rs121907892 (p.W258X) [10], with null allele frequency in African/American,
Ashkenazi Jewish, South Asia, and European populations (130,978 subjects, ExAc database).
However, the world’s highest frequency of predominant dysfunctional RHUC1 variants
was identified in the European Roma population (1016 individuals from regions of the
Czech Republic, Slovakia, and Spain): the rs200104135 (p.T467M) variant has a frequency
of 5.6%, and the deletion variant p.L415_G417 has a frequency of 1.9% [11].

In the present study, we collected a cohort of pediatric subjects with repeated findings
of serum uric acid below 120 µmol/L. A cohort of 27 subjects was recruited as part of a
single-center study by the Metabolic Ambulance of the Department of Paediatrics and
Adolescent Medicine, Children’s Faculty Hospital, Košice, Slovakia, between 2018 and 2020
and consisted of probands and relatives from 11 families. The aims of the study were (a) to
determine whether renal hypouricemia type 1 and 2 occurs in the cohort, (b) to determine
which type of renal hypouricemia predominates, and (c) to identify causal variants for this
rare Mendelian disease of urate transport associated with hypouricemia.

2. Materials and Methods
2.1. Clinical Subjects

The studied probands and their family members were Slovaks of Roma ethnicity,
except for family I, who did not report their ethnicity. Participants were repeatedly di-
agnosed with serum uric acid below 120 µmol/L in children and below 150 µmol/L in
adults during a two-year study period. The families under investigation did not indicate a
family relationship. All participants were fully informed of the study’s goals and written
informed consent was obtained from each participant before enrollment in the study. All
tests were performed following standards set by institutional ethics committees. The study
was approved on 24 July 2018 as part of project no. 7131/2018. All the procedures were
performed per the Declaration of Helsinki. A cohort of genomic DNA of 109 unrelated
subjects of Roma ethnicity (chosen irrespective of their state of health) from Macedonia
and a previously reported cohort of 1016 Roma individuals from five European regions
(Slovakia, Czech Republic, Spain) was used as a control group [11,12].

2.2. Clinical Investigations and Sequence Analyses

Urate and creatinine levels were measured using specific enzymatic methods, and
the Jaffé reaction, which was adapted for use with an auto-analyzer (Hitachi Automatic
Analyzer 902; Roche, Basel, Switzerland). Whole blood was collected and stored in the
biobank of the Institute of Rheumatology, Prague, Czech Republic. Subsequently, genomic
DNA was extracted using QIAamp DNA Mini Kits (QiagenGmbH, Hilden, Germany).
All coding exons and intron–exon boundaries of SLC22A12 and SLC2A9 were amplified
from genomic DNA using polymerase chain reaction and subsequently purified using PCR
DNA Fragments Extraction Kits (Geneaid, New Taipei City, Taiwan). DNA sequencing
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was performed on an automated 3130 Genetic Analyzer (Applied Biosystems Inc., Fos-
ter City, CA, USA). Primer sequences and PCR conditions used for amplification were
previously described [12–14].

The reference sequences for GLUT9/SLC2A9 (NM_020041.2; NP_064425.2; SNP source db-
SNP 132) and URAT1/SLC22A12 (NM_144585.3) were defined as version NC_000004.12 (Chro-
mosome 4: 9,771,153–10,054,936) and NC_000011.8 (Chromosome 11:64,114,688–64,126,396),
respectively.

In the control group of 109 unrelated subjects of Roma ethnicity from Macedonia,
we only analyzed exon 7 and exon 9 of SLC22A12 for identifying prevalent variants
c.1245_1253del (p.L415_G417del) and c.1400C>T (rs200104135, p.T467M).

3. Results
3.1. Clinical Subjects

The cohort consisted of nine hypouricemia probands and 18 family relatives. The
probands had repeated hypouricemia and/or increased FE-UA. Hypouricemia was the
determining factor for inclusion in the study, not ethnicity; however, all subjects were of
Roma origin, except family I, who did not report their ethnicity. No clinical or labora-
tory symptoms of renal disease were present in the probands. However, other hereditary
disorders were present in the cohort: five subjects were diagnosed with phenylketonuria
(PKU, OMIM #261600), four subjects with short-chain acyl-CoA dehydrogenase deficiency
(SCADD, OMIM #201470), one subject with Gilbert syndrome (OMIM #143500), one subject
with congenital hypothyroidism (OMIM #275200), and one subject with mild hyperhomo-
cysteinemia due to a methylenetetrahydrofolate reductase deficiency (OMIM #607093.0004).
The clinical and biochemical data from this study are summarized in Table 1. Family pedi-
grees could not be prepared due to the disinterest of family members.

Table 1. The clinical and biochemical data of the analyzed cohort.

Family Patient Sex Year of
Birth

Year of
Onset

sUA
µmol/L

FE-UA
% Associated Diseases

A
1 F 1962 N/A 263 7.6 PKU heterozygote
2 F 1991 N/A 137 9.7 PKU

B
3 M 2014 4 101 (2018), 102 (2021) 13.1 (2018), 16.2 (2021) autism, ADHD
4 M 1985 N/A 326 7.3
5 F 1981 20 167 8.6

C
6 M 2006 12 94 (2018) 23.4 (2018) PKU
7 M 2012 6 122 (2017), 150 (2018) 15.8 (2018) PKU
8 F 2011 7 118 (2018) 12.4 (2018) PKU

D
9 F 2008 10 194 (2018) 7.3 (2018) MTHFR homozygote, PAI

heterozygote
10 F 1999 20 141 (2019) 16.2 (2019) SCADD heterozygote

E
11 F 2018 10 mth 95 (2018), 146 (2019),

151 (2021) 17.1 (2018), 12.0 (2021) SCADD

12 F 1994 24 N/A N/A SCADD heterozygote

F
13 F 1991 N/A 309 (2018) 5.1 (2018) xanthinuria heterozygote

14 M 2017 18 mth 72 (2018), 136 (2019),
141 (2021) 10.3 (2021) PKU

15 M 2016 3 135 (2016), 140 (2019) 11.3 (2019) SCADD

G
16 M 2018 6 mth 140 (2018), 114 (2019),

235 (2020) 16.5 (2018) transitory hypertyrosinemia

17 F 1981 38 247 (2018) 8.4 (2018)
18 M 1988 31 415 (2018) 5.9 (2018)

H
19 M 2008 11 55 (2019), 77 (2020) 28.8 (2020)

hypogonadotropic hypogonadism,
Gilbert syndrome, hepatopathy,

cholecystolithiasis, obesity
20 F 1986 34 125 11.6
21 M 1983 37 44 43
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Table 1. Cont.

Family Patient Sex Year of
Birth

Year of
Onset

sUA
µmol/L

FE-UA
% Associated Diseases

I
22 F 2016 27 mth 118 (2017), 131 (2019),

152 (2021) 10.6 (2019) central hypocorticism, epilepsy,
familiar hypercholesterolemia

23 F 1982 37 161 8.2 neurofibromatosis type 1
24 M 1984 35 366 6.1 familial hypercholesterolemia

J 25 M 2019 23 mth 61 (2019), 43 (2020) 51 (2019) SCADD
26 F 2002 18 N/A N/A SCADD heterozygote

K 27 M 2010 10 108 (2012), 88 (2013), 84
(2018), 71 (2019), 49 (2021)

56 (2012), 30 (2013), 40
(2018), 40 (2019), 50 (2021)

SCADD, prematurity, perinatal
hypoxia, psychom. retardation,

cardiomyopathy

Reference ranges are as follows. SUA: 120–360 µmol/L (2.02–6.05 mg/dL) (< 15 years and female), 120–420 µmol/L (2.02–7.06 mg/dL;
male); FE-UA: reference range 5–20% (< 13 years), 5–12% (male) and 5–15% (female). PKU, phenylketonuria; SCADD, short-chain
acyl-CoA dehydrogenase deficiency; MTHFR, methylenetetrahydrofolate; PAI- 1, plasminogen activator inhibitor-1; ADHD, attention
deficit hyperactivity disorder; mth, months; N/A, not available.

3.2. Clinical Investigations and Sequence Analyses

Sequencing analysis of SLC2A9 revealed 12 intron variants (rs2276962, rs2276963, rs2240722,
rs2240721, rs2240720, rs28592748, rs16891971, rs3733590, rs13115193, rs4292327, rs6823877, and
rs61256984), three synonymous variants (rs13113918, rs10939650, and rs13125646), and four
common nonsynonymous allelic variants (rs2276961, p.G25R; rs16890979, p.V282I; rs3733591,
p.R294H, and rs2280205, p.P350L). Sequencing analysis of SLC22A12 revealed three intron
variants (rs373881060, rs368284669, and rs11231837), four synonymous (rs3825016, rs11231825,
rs1630320, and rs7932775), and two previously identified rare nonsynonymous allelic vari-
ants c.1245_1253del (p.L415_G417del) and c.1400C>T (rs200104135, p.T467M), Figure 1. In
14 subjects, we identified one heterozygote and one homozygote for c.1245_1253del, nine
heterozygotes and one homozygote for c.1400C>TT, and two compound heterozygotes for
c.1400C>T and c.1245_1253del. The genetics data are summarized in Table 2.
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Figure 1. Illustration of allelic variant p.L415:_G417del and p.T467M in genetic and protein context.
(A) Electropherograms of partial sequences of exon 7 showing the wild-type, heterozygous, and
homozygous c.1245_1253del variant. (B) Electropherograms of partial sequences of exon 9 showing
wild-type, heterozygous, and homozygous c.1400C>T variant. (C) Position of identified allelic variant
p.T467M and p.L415_G417del in a URAT1 membrane topology model created via Johns S.J., TOPO2,
Transmembrane protein display software, http://www.sacs.ucsf.edu/TOPO2/ [23 July 2021].

Table 2. The genetic data of the analyzed cohort identified nonsynonymous allelic variants in URAT1
and GLUT9 transporter; homozygous variants are shown in bold font; causal variants for RHUC1
are in SLC22A12 gene.

Family Patient Gene SLC22A12, URAT1 Gene SLC2A9, GLUT9

A
1 reference N/A
2 reference p.G25R, p.V282I, p.P350L

B
3 reference p.G25R, p.V282I
4 reference p.G25R, p.V282I, p.R294H
5 p.T467M N/A

C
6 p.T467M p.G25R, p.V282I, p.R294H
7 p.T467M p.G25R, p.V282I, p.R294H
8 p.T467M p.G25R, p.R294H

D
9 reference p.G25R, p.R294H, p.P350L
10 p.T467M p.G25R, p.R294H, p.P350L

E
11 p.T467M p.G25R, p.V282I
12 reference p.G25R

F
13 reference p.G25R, p.V282I, p.P350L
14 p.T467M p.G25R, p.V282I, p.P350L
15 p.L415_G417del p.G25R, p.P350L

G
16 reference N/A
17 reference p.P350L
18 reference p.G25R, p.R294H, p.P350L

H
19 p.L415_G417del, p.T467M p.R294H, p.P350L
20 p.T467M N/A
21 p.L415_G417del N/A

I
22 reference p.G25R, p.V282I, p.P350L
23 reference p.G25R, p.V282I, p.P350L
24 reference p.G25R, p.R294H, p.V282I, p.P350L

J
25 p.L415_G417del, p.T467M p.G25R, p.R294H, p.P350L
26 p.T467M N/A

K 27 p.T467M N/A

http://www.sacs.ucsf.edu/TOPO2/
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In the control group of 109 unrelated subjects of Roma ethnicity from Macedonia, we
identified none subject for c.1245_1253del, 10 heterozygotes, and two homozygotes for
c.1400C>T.

4. Discussion

Renal hypouricemia 1 is a rare inherited disorder, and like other genetic traits and
conditions, shows genetic allelic and locus heterogeneity. However, population-specific
common variants have been observed in hypouricemia in Japanese, Korean, and Roma pa-
tients. In the Japanese [10] and Korean populations [15], the prevalent RHUC1 variants are
c.774G>A (p.W258X, frequency 2.30–2.37%) and c.269G>A (p.R90H, frequency 0.40%); in
the European Roma population, the prevalent variants are c.1245_1253del (p.L415_G417del,
frequency 1.92%) and c.1400C>T (p.T467M, frequency 5.56%). The number of published
cases of patients with RHUC1 is about 200, and they are very unlikely to match the fre-
quencies of prevalent variants mentioned above. The key to an early diagnosis is greater
awareness of URAT1 deficiency among primary care physicians, nephrologists, and urol-
ogists; the recently published clinical practice guidelines for renal hypouricemia will
certainly contribute to this [16].

The cohort analyzed in this study was of Roma ethnicity. The Roma represent a
transnational ethnic population of 8–10 million, originating in India; currently, they are
the largest and most widespread ethnic minority in Europe. In the Slovak Republic,
the Roma population is the second-largest minority, with most of the Roma living in
the eastern and southern parts of Slovakia. The founder effect and subsequent genetic
isolation of the Roma have led to a population specificity, i.e., variants associated with
rare diseases in the Roma population tend to be at extremely low frequencies in other
European populations and vice versa. Multiple homozygosity for ethnically prevalent
mutations is typical in closely related populations with high levels of endogamy, and many
rare-disease-causing mutations present in other European populations are found at very
low frequencies in the Roma population. Several mutations that cause rare diseases unique
to the Roma and have been discovered, e.g., Charcot Marie Tooth disease type 4D and
4G (OMIM #601455 and #605285), congenital cataract facial dysmorphism neuropathy
(OMIM #604166), Gitelman syndrome (OMIM #263800), and Galactokinase deficiency
(OMIM # 230200) [11,12]. Roma population specificity was confirmed by the findings
of comorbidities in our hypouricemic cohort. Of the 27 participants, 5 were diagnosed
with phenylketonuria (PKU, OMIM #261600), 4 with short-chain acyl-CoA dehydrogenase
deficiency (SCADD, OMIM #201470), 1 with Gilbert syndrome (OMIM #143500), 1 with
congenital hypothyroidism (OMIM #275200), and 1 with mild hyperhomocysteinemia due
to a methylenetetrahydrofolate reductase deficiency (OMIM #607093.0004). The unusually
high prevalence of SCADD deficiency among Roma was confirmed by data from the Slovak
newborn screening program in 2016, in which the prevalence of SCADD in Caucasian
newborns is 1:9745, while in Roma newborns, it was roughly 1:100 [17].

The first findings indicating population specificity of RHUC1 in the Roma population
occurred in 2013, in the context of diagnosing the first RHUC patients in the Czech Repub-
lic [18] when two of the three nonconsanguineous probands (compound heterozygotes
c.[1245_1253del] + [1400C>T] and homozygotes c.1245_1253del) were from the minority
Roma population. Functional studies found significantly reduced urate uptake and a
mislocalized URAT1 signal in both variants [14], which were subsequently identified in
other patients with hypouricemia of Roma ethnicity in the Czech Republic [19,20]. We
subsequently collected a control set of 218 alleles from the Roma population in the Czech
Republic and found two heterozygous control subjects with the variant p.L415_G417del.
Serum UA and FE-UA in the 9 year old girl was 256 µmol/L and 18%; in the 34 year old
man, it was 232 µmol/L and 8%. Further analysis of a cohort of 881 randomly chosen
ethnic Roma from two regions in Eastern Slovakia (Prešov and Košice) and two regions
in the Czech Republic, identified 25 heterozygous and 3 homozygous subjects for the
c.1245_1253del and 92 subjects were heterozygous, 2 were homozygous for the c.1400C>T,
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and 2 participants were compound heterozygotes. Frequencies of the c.1245_1253del and
c.1400C>T variants were determined as 1.87% and 5.56%, respectively [12]. In a subsequent
study, we expanded this cohort to include other regions: a total of 1016 Roma from five
regions were included: 471 from the Prešov region (Slovakia), 331 from the Košice region
(Slovakia), 90 from the Central Bohemia region (Czech Republic), 64 from the Hradec
Kralove region (Czech Republic), and 60 from the Iberian Peninsula (Spain). Frequencies of
the c.1245_1253del and c.1400C>T variants were determined to be 1.92% and 5.56%, respec-
tively. Genotypes were in Hardy–Weinberg equilibrium (HWE) at the c.1400C>T locus in all
five cohorts, but, due to a large number of homozygotes, they were grossly deviated at the
c.1245_1253del locus (p < 0.001 and p = 0.004) in the one Czech and Spanish cohorts. On the
other hand, in the control group of 109 nonrelated Macedonia Roma subjects, we did not
identify deletion variant c.1245_1253del, while variant c.1400C>T was represented in high
frequency of 6.4%. The frequencies of both c.1245_1253del and c.1400C>T variants differ
significantly between cohorts. These differences were likely caused by genetic drift, which
is a typical phenomenon among Roma subisolates. These findings were subsequently sup-
ported by a study of renal hypouricemia in Spanish patients, where eight RHUC1 probands
from eight families, all of Roma ethnicity, were identified carrying these prevalent variants
(one heterozygote c.1245_1253del, two heterozygotes, four homozygotes c.1400C>T, and
one compound heterozygote) [21].

Historic, linguistic, and genetic studies identify India as the original homeland of the
Roma. Analysis of paternal and maternal lineages as well as autosomal whole-genome
studies date the time of the Roma departure from India to approximately 1000 years ago.
The data suggest that the group of Roma who left India had a limited size of around
1000 individuals and came from one specific caste or group [22]. Our findings of the
presence of the c.1400C>T variant in all analyzed Roma subcohort, together with data from
ExAC database when p.T467M was identified in only one heterozygote subject [12] and
three homozygotes in a South Asia cohort of 15,296 subjects but in none of the subjects
from all other populations (total 105,759 subjects), suggest the origin of the c.1400C>T
variant in Asia. At present, in Genome Aggregation Database (gnomAD), which is the
largest and most widely used publicly available collection of population variation, indicates
c.1400C>T is present with a global frequency of 0.11% (275 c.1400C>T alleles out of a total
of 273,462 sequenced). Worldwide, the highest frequency is present in South Asia (0.70%),
while in Europe, it is more common in the southern parts, with the highest frequency
among Bulgarians (0.26%). The NGS data from a total of 270 Macedonian patients with
different rare diseases, referred for clinical exome analysis at RCGEB-MASA, revealed
5 c.1400C>T heterozygotes (personal communication). All c.1400C>T carriers were of
Macedonian ethnic origin. This frequency of 0.93% among Macedonians is the highest
reported among the non-Roma populations. The study of the chromosomal background of
the c.1400C>T allele could help trace the age/region of origin and the spread of this variant.
Taken together, our findings show that the founder effect played a key role in forming
the current gene pool of the Roma population — a very small group of migrants from
India gave rise to the current population numbering in the low millions. In addition to the
primary effect that resulted in the specific gene pool of the Roma ethnic group in general,
secondary and even tertiary founder effects played an important role in forming the gene
pools of individual Roma subpopulations together with a high degree of consanguinity [22].

The absence of deletion variant c.1245_1253del in two of the Roma subgroups stud-
ied may be due to the limitations of the small sample size. However, deletion variant
c.1245_1253del has yet to be identified in any of the publicly available databases. These
findings suggest the possible origin of the c.1400C>T variants as a founder effect after the
departure from India. Taken together, and due to the putative founder effect and genetic
drift, the prevalence of this otherwise rare inherited disease is significantly increased in
selected populations such as the Roma. In our cohort, most RHUC1 patients also carry
the p.G25R variant of GLUT9. However, this allelic variant p.G25R in the GLUT9 trans-
porter, as other identified variants p.V282I, p.R294H, and p.P350L in our clinical cohort,
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was previously functionally characterized with no influence on expression, subcellular
localization, or urate uptake of GLUT9 [23]. Further gene–gene interaction studies are
needed to address the possible interaction of URAT1 and GLUT9 variants.

In addition, we can emphasize the clinical importance of documentation regarding
RHUC1 in Slovak Roma, which was our focus in this study, given that detailed studies on
serum UA and FE-UA levels in Roma are rare. Hypouricemia in children is relatively rare in
clinical practice and is often associated with rare conditions. As we showed previously [24],
serum UA and FE-UA levels are quite dynamic in the first year of life. Briefly, serum
UA levels are low in infancy (131–149 µmol/L at 2–3 months of age) due to high FE-UA
levels (>10%); FE-UA levels decrease to approximately 8% by one year of age, where
they remains throughout childhood; this is associated with mean serum UA levels of
208–268 µmol/L in children. After age 12, FE-UA levels decrease significantly in boys but
not in girls, resulting in a further significant increase in serum UA levels in young men but
not in young women. Our data suggest that the high prevalence of URAT1 allelic variants
causing impaired urate transport may affect serum UA concentrations in the general Roma
population. This hypothesis is supported by clinical studies suggesting that Roma have a
2.85-fold higher risk of end-stage renal disease compared to non-Roma [25] and that Roma
women have half-higher odds for nephropathy (OR 1.56; 95% CI 1.01–2.42; p < 0.05) than
non-Roma women [26]. Moreover, a recent study of Eastern Slovak Roma and non-Roma
populations showed that serum UA is ethnicity-specific: the mean UA level ± standard
deviation was significantly lower in Roma than in non-Roma (226.54 ± 79.8 µmol/L vs.
259.11 ± 84.53 µmol/L; p < 0.0001) [27].

Most patients with RHUC are asymptomatic. However, the prevalence of renal
stones due to excesses of UA excretion is 6–7 times higher in patients with RHUC than in
individuals with normal uric acid levels [28]. The incidence of urolithiasis, nephrolithiasis,
and acute kidney injury among the Roma may be explainable in relation to the population’s
risk of RHUC1. To prevent patients from developing complications, physicians often
advise patients to drink water before exercise and/or limit the intensity of exercise. Early
diagnosis of RHUC has great clinical relevance for correct disease control, thus is important
to prevent serious clinical manifestations.

5. Conclusions

Generally, the Roma ethnic group represents a cluster of genetically isolated founder
populations with a spectrum of frequent Mendelian disorders due to a high rate of consan-
guinity associated with the occurrence of founder mutations. Therefore, it is necessary to
study individual Roma groups to reveal differences in the number of carriers and preva-
lence of rare diseases in Roma subpopulations. Our data show a high incidence of genetic
variants leading to renal hypouricemia 1 among the Roma, and this genetic background
should be kept in mind during initial diagnosis.

Author Contributions: Conceptualization, B.S.; methodology, B.S., J.Š., and J.B.; validation, B.S.;
investigation, L.P., J.Š., J.B., K.P., V.T., D.P.-K., and S.-K.C.; writing—original draft preparation,
B.S..; writing—review and editing, J.Š., J.B., and K.P.; visualization, J.B.; supervision, B.S.; project
administration, B.S.; funding acquisition, B.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by grants from the Czech Republic Ministry of Health RVO
00023728 (Institute of Rheumatology), RVO VFN64165, and by Biobanks and Biomolecular Resources
Research Infrastructure Consortium BBMRICZ LM2018125 of Ministry of Education, Youth and
Sports of the Czech Republic.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Ethics Committee of the Institute of
Rheumatology, Prague, Czech Republic (project no. 7131/2018).

Informed Consent Statement: Informed consent was obtained from all study participants.



Biomedicines 2021, 9, 1607 9 of 10

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are grateful to all the patients who took part in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bugdayci, G.; Balaban, Y.; Sahin, O. Causes of Hypouricemia among Outpatients. Lab. Med. 2008, 39, 550–552. [CrossRef]
2. Koo, B.S.; Jeong, H.J.; Son, C.N.; Kim, S.H.; Kim, H.J.; Kim, G.H. Distribution of serum uric acid levels and prevalence of hyper-

and hypouricemia in a Korean general population of 172,970. Korean J. Intern. Med. 2021, 36 (Suppl. S1), S264–S272. [CrossRef]
[PubMed]

3. Enomoto, A.; Kimura, H.; Chairoungdua, A.; Shigeta, Y.; Jutabha, P.; Cha, S.H.; Endou, H. Molecular identification of a renal
urate anion exchanger that regulates blood urate levels. Nature 2002, 417, 447–452. [CrossRef]

4. Matsuo, H.; Chiba, T.; Nagamori, S.; Nakayama, A.; Domoto, H.; Phetdee, K.; Shinomiya, N. Mutations in glucose transporter 9
gene SLC2A9 cause renal hypouricemia. Am. J. Hum. Genet. 2008, 83, 744–751. [CrossRef] [PubMed]

5. Sugihara, S.; Hisatome, I.; Kuwabara, M.; Niwa, K.; Maharani, N.; Kato, M.; Yamamoto, K. Depletion of Uric Acid Due to
SLC22A12 (URAT1) Loss-of-Function Mutation Causes Endothelial Dysfunction in Hypouricemia. Circ. J. 2015, 79, 1125–1132.
[CrossRef] [PubMed]

6. Mancikova, A.; Krylov, V.; Hurba, O.; Sebesta, I.; Nakamura, M.; Ichida, K.; Stiburkova, B. Functional analysis of novel allelic
variants in URAT1 and GLUT9 causing renal hypouricemia type 1 and 2. Clin. Exp. Nephrol. 2016, 20, 578–584. [CrossRef]
[PubMed]

7. Dinour, D.; Gray, N.K.; Campbell, S.; Shu, X.; Sawyer, L.; Richardson, W.; Holtzman, E.J. Homozygous SLC2A9 mutations cause
severe renal hypouricemia. J. Am. Soc. Nephrol. 2010, 21, 64–72. [CrossRef] [PubMed]

8. Stiburkova, B.; Taylor, J.; Marinaki, A.M.; Sebesta, I. Acute kidney injury in two children caused by renal hypouricaemia type 2.
Pediatric Nephrol. 2012, 27, 1411–1415. [CrossRef]

9. Bhasin, B.; Stiburkova, B.; De Castro-Pretelt, M.; Beck, N.; Bodurtha, J.N.; Atta, M.G. Hereditary renal hypouricemia: A new role
for allopurinol? Am. J. Med. 2014, 127, e3–e4. [CrossRef] [PubMed]

10. Ichida, K.; Hosoyamada, M.; Kamatani, N.; Kamitsuji, S.; Hisatome, I.; Shibasaki, T.; Hosoya, T. Age and origin of the G774A
mutation in SLC22A12 causing renal hypouricemia in Japanese. Clin. Genet. 2008, 74, 243–251. [CrossRef]

11. Stiburkova, B.; Gabrikova, D.; Cepek, P.; Simek, P.; Kristian, P.; Cordoba-Lanus, E.; Claverie-Martin, F. Prevalence of URAT1
allelic variants in the Roma population. Nucleosides Nucleotides Nucleic Acids 2016, 35, 529–535. [CrossRef] [PubMed]

12. Gabrikova, D.; Bernasovska, J.; Sokolova, J.; Stiburkova, B. High frequency of SLC22A12 variants causing renal hypouricemia
1 in the Czech and Slovak Roma population; simple and rapid detection method by allele-specific polymerase chain reaction.
Urolithiasis 2015, 43, 441–445. [CrossRef] [PubMed]

13. Stiburkova, B.; Ichida, K.; Sebesta, I. Novel homozygous insertion in SLC2A9 gene caused renal hypouricemia. Mol. Genet. Metab.
2011, 102, 430–435. [CrossRef]

14. Stiburkova, B.; Sebesta, I.; Ichida, K.; Nakamura, M.; Hulkova, H.; Krylov, V.; Jahnova, H. Novel allelic variants and evidence for
a prevalent mutation in URAT1 causing renal hypouricemia: Biochemical, genetics and functional analysis. Eur. J. Hum. Genet.
2013, 21, 1067–1073. [CrossRef]

15. Cha, D.H.; Gee, H.Y.; Cachau, R.; Choi, J.M.; Park, D.; Jee, S.H.; Ryu, S.; Cho, S.K. Contribution of SLC22A12 on hypouricemia
and its clinical significance for screening purposes. Sci. Rep. 2019, 9, 14360. [CrossRef] [PubMed]

16. Nakayama, A.; Matsuo, H.; Abhishek, A.; Ichida, K.; Shinomiya, N.; Guideline Development Committee of Clinical Practice
Guideline for Renal Hypouricaemia. First clinical practice guideline for renal hypouricemia: A rare disorder that aided the
development of urate-lowering drugs for gout. Rheumatology 2021, 60, 3961–3963. [CrossRef] [PubMed]

17. Lisyova, J.; Chandoga, J.; Jungova, P.; Repisky, M.; Knapkova, M.; Machkova, M.; Bohmer, D. An unusually high frequency of
SCAD deficiency caused by two pathogenic variants in the ACADS gene and its relationship to the ethnic structure in Slovakia.
BMC Med. Genet. 2018, 19, 64. [CrossRef] [PubMed]

18. Sebesta, I.; Stiburkova, B.; Bartl, J.; Ichida, K.; Hosoyamada, M.; Taylor, J.; Marinaki, A. Diagnostic tests for primary renal
hypouricemia. Nucleosides Nucleotides Nucleic Acids 2011, 30, 1112–1116. [CrossRef]

19. Stiburkova, B.; Sebesta, I. Hypouricemia and hyperuricosuria in a pubescent girl: Answers. Pediatric Nephrol. 2018, 33, 2277–2279.
[CrossRef]

20. Stiburkova, B.; Sebesta, I. Hypouricemia and hyperuricosuria in a pubescent girl: Questions. Pediatric Nephrol. 2018, 33, 2275.
[CrossRef]

21. Claverie-Martin, F.; Trujillo-Suarez, J.; Gonzalez-Acosta, H.; Aparicio, C.; Roldan, M.L.J.; Stiburkova, B.; Garcia-Nieto, V.M.
URAT1 and GLUT9 mutations in Spanish patients with renal hypouricemia. Clin. Chim. Acta 2018, 481, 83–89. [CrossRef]
[PubMed]

22. Morar, B.; Gresham, D.; Angelicheva, D.; Tournev, I.; Gooding, R.; Guergueltcheva, V.; Kalaydjieva, L. Mutation history of the
roma/gypsies. Am. J. Hum. Genet. 2004, 75, 596–609. [CrossRef] [PubMed]

http://doi.org/10.1309/H3TTUVDBE75D6N6P
http://doi.org/10.3904/kjim.2020.116
http://www.ncbi.nlm.nih.gov/pubmed/33227843
http://doi.org/10.1038/nature742
http://doi.org/10.1016/j.ajhg.2008.11.001
http://www.ncbi.nlm.nih.gov/pubmed/19026395
http://doi.org/10.1253/circj.CJ-14-1267
http://www.ncbi.nlm.nih.gov/pubmed/25739858
http://doi.org/10.1007/s10157-015-1186-z
http://www.ncbi.nlm.nih.gov/pubmed/26500098
http://doi.org/10.1681/ASN.2009040406
http://www.ncbi.nlm.nih.gov/pubmed/19926891
http://doi.org/10.1007/s00467-012-2174-0
http://doi.org/10.1016/j.amjmed.2013.08.025
http://www.ncbi.nlm.nih.gov/pubmed/24262806
http://doi.org/10.1111/j.1399-0004.2008.01021.x
http://doi.org/10.1080/15257770.2016.1168839
http://www.ncbi.nlm.nih.gov/pubmed/27906637
http://doi.org/10.1007/s00240-015-0790-4
http://www.ncbi.nlm.nih.gov/pubmed/26033041
http://doi.org/10.1016/j.ymgme.2010.12.016
http://doi.org/10.1038/ejhg.2013.3
http://doi.org/10.1038/s41598-019-50798-6
http://www.ncbi.nlm.nih.gov/pubmed/31591475
http://doi.org/10.1093/rheumatology/keab322
http://www.ncbi.nlm.nih.gov/pubmed/34469572
http://doi.org/10.1186/s12881-018-0566-0
http://www.ncbi.nlm.nih.gov/pubmed/29678161
http://doi.org/10.1080/15257770.2011.611483
http://doi.org/10.1007/s00467-018-3934-2
http://doi.org/10.1007/s00467-018-3926-2
http://doi.org/10.1016/j.cca.2018.02.030
http://www.ncbi.nlm.nih.gov/pubmed/29486147
http://doi.org/10.1086/424759
http://www.ncbi.nlm.nih.gov/pubmed/15322984


Biomedicines 2021, 9, 1607 10 of 10

23. Hurba, O.; Mancikova, A.; Krylov, V.; Pavlikova, M.; Pavelka, K.; Stiburkova, B. Complex analysis of urate transporters SLC2A9,
SLC22A12 and functional characterization of non-synonymous allelic variants of GLUT9 in the Czech population: No evidence
of effect on hyperuricemia and gout. PLoS ONE 2014, 9, e107902. [CrossRef] [PubMed]

24. Stiburkova, B.; Bleyer, A.J. Changes in serum urate and urate excretion with age. Adv. Chronic Kidney Disease 2012, 19, 372–376.
[CrossRef] [PubMed]

25. Kolvek, G.; Rosicova, K.; Rosenberger, J.; Podracka, L.; Stewart, R.E.; Nagyova, I.; van Dijk, J.P. End-stage renal disease among
Roma and non-Roma: Roma are at risk. Int. J. Public Health 2012, 57, 751–754. [CrossRef] [PubMed]

26. Rosenberger, J.; Majernikova, M.; Jarcuska, P.; Pella, D.; Marekova, M.; Geckova, A.M. Higher prevalence of nephropathy in
young Roma females compared with non-Roma females. Cent. Eur. J. Public Health 2014, 22, S28–S31. [CrossRef] [PubMed]

27. Pallayova, M.; Brenisin, M.; Putrya, A.; Vrsko, M.; Drazilova, S.; Janicko, M.; Team, H. Roma Ethnicity and Sex-Specific
Associations of Serum Uric Acid with Cardiometabolic and Hepatorenal Health Factors in Eastern Slovakian Population: The
HepaMeta Study. Int. J. Environ. Res. Public Health 2020, 17, 7673. [CrossRef]

28. Ichida, K.; Hosoyamada, M.; Hisatome, I.; Enomoto, A.; Hikita, M.; Endou, H.; Hosoya, T. Clinical and molecular analysis of
patients with renal hypouricemia in Japan-influence of URAT1 gene on urinary urate excretion. J. Am. Soc. Nephrol. 2004, 15,
164–173. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0107902
http://www.ncbi.nlm.nih.gov/pubmed/25268603
http://doi.org/10.1053/j.ackd.2012.07.010
http://www.ncbi.nlm.nih.gov/pubmed/23089271
http://doi.org/10.1007/s00038-012-0365-x
http://www.ncbi.nlm.nih.gov/pubmed/22552750
http://doi.org/10.21101/cejph.a3898
http://www.ncbi.nlm.nih.gov/pubmed/24847611
http://doi.org/10.3390/ijerph17207673
http://doi.org/10.1097/01.ASN.0000105320.04395.D0
http://www.ncbi.nlm.nih.gov/pubmed/14694169

	Introduction 
	Materials and Methods 
	Clinical Subjects 
	Clinical Investigations and Sequence Analyses 

	Results 
	Clinical Subjects 
	Clinical Investigations and Sequence Analyses 

	Discussion 
	Conclusions 
	References

