MARY
MASA

MMPUIO3U, Opn. men. Hayku, XXXV 1, 2014
CONTRIBUTIONS. Sec. Med. Sci., XXXV 1, 2014

ISSN 0350-1914
UDC: 616.153.857.1

PURINE DISORDERS WITH HYPOURICEMIA
Ivan Sebestal’z, Blanka Stiburkova®

"Institute of Medical Biochemistry and Laboratory Diagnostics, First Faculty of Medicine, Charles
University in Prague, Czech Republic

* Institute of Inherited Metabolic Disorders, First Faculty of Medicine, Charles University in Prague,
Czech Republic

Corresponding Author: Ivan Sebesta, Institute of Medical Biochemistry and Laboratory Diagnostics, Institute of
Inherited Metabolic Disorders, Katerinska 32, 121 08 Prague 2, Czech Republic. E-mail: isebes@]If1.cuni.cz

Abstract

Hypouricemia is defined as a serum urate levels less than 2 mg/dL (119 pmol/L). Primary hypo-
uricemia is caused by disorders of purine metabolism and transport. This laboratory finding is some-
times overlooked and, following two genetic defects, should be considered in differential diagnosis
of unexplained hypouricemia. Hereditary xanthinuria is autosomal recessive and due to mutations in
xanthine oxidase, leading to over-production of xanthine and minimal production of urate. Patients
have very low serum urate levels and suffer from elevated levels of xanthine in the urine, leading to
xanthine stones, haematuria, and sometimes occult chronic kidney failure. Hypouricemia is the key
to diagnosis. Hereditary renal hypouricemia is a new genetic defect of renal transport of uric acid.
Two types were distinguished: a) renal hypouricemia type 1, caused by the defects in the SLC22A12
gene coding the human urate transporter 1 (hURAT1) and b) renal hypouricemia type 2, caused by
the defects in the SLC2A9 gene, which encodes GLUT9 transporter. This disorder predisposes pati-
ents to exercise-induced acute renal failure and/or nephrolithiasis. Diagnosis is based on two mar-
kers: hypouricemia (< 119 pmol/L) and increased fractional excretion of uric acid (> 10%). Over one
hundred cases were identified in Japan and and this number is unique worldwide. Several patients
were described in Macedonia. We were able to detect four Czech families with hereditary xanthi-
nuria and eight cases of hereditary renal hypouricemia. In conclusion, hereditary xanthinuria and
hereditary renal hypouricemia are still unrecognized conditions. Patients with unexplained hypouri-
cemia need detailed purine metabolic investigations.
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Introduction

Genetic defects of purine metabolism cover
a broad spectrum of illnesses. They represent a
group of relatively new disorders. The first ge-
netic purine disorder — xanthinuria, was descri-
bed as the cause of renal calculi in 1954 [1].
The genetic basis for Lesch-Nyhan syndrome
with juvenile gout and severe neurological im-
pairment was discovered in 1967 [2]. The num-
ber of inborn errors of purine and pyrimidine
metabolism has increased since then and now
totals 27. The diagnostic problem is compoun-

ded by a limited awareness due to the relatively
recent description. This paper describes defects
with hypouricemia.

Uric acid, hypouricemia

Uric acid (2, 6, 8-trihydroxypurine) is the
end product of purine metabolism in primates,
including man. This metabolite is formed from
the precursor purine bases xanthine and hypo-
xanthine by the action of xanthine oxidase. The
name purine was given to this important group
of heterocyclic compounds by Fisher in 1899.
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Professor of Medical Chemistry at the Czech
Medical Faculty of Charles University, Prague,
Jan Horbaczewsky was the first who carried out
the synthesis of uric acid. He performed his
studies in the 1880s and 1890s [3]. A lack of
the enzyme uricase allows this poorly soluble
substance to accumulate in body fluids in man.
In most other mammals it is futher metabolized
to the more soluble allantoin. It is because of
the poor solubility of urates that humans are
predisposed to clinical gout and renal damage
by high levels of uric acid. Uric acid contains
two dissociable protons, but only the first is
important in biological fluids. At physiological
pH of blood only the hydroxyl group at the
eight position, which has a pK of 5.4, dissoci-
ates. So in plasma pH 7.4, about 98% of uric
acid exists in the form of monosodium salt.
However, in acid urine, a substantial amount may
be undissociated. The undissociated acid is often
less soluble in water than sodium urate.

The uric acid concentrations in serum vary
with age and sex. Children of both sexes have a
serum urate concentration of 180 to 240 pmol/L.
Only boys at puberty exhibit a further elevation
of 60 to 120 pmol/L, which is generally sustai-
ned through life. Serum uric acid concentration
in women at menopause rises and approaches
the values for adult males [2].

Solutions of monosodium urate become
supersaturated when concentration exceeds 420
umol/L. However, the relationship between the
presence and severity of hyperuricemia and the
development of gouty arthritis or renal calculi
is more complex than simple considerations of
solubility might suggest.

Renal excretion of urate is a complex
process. Under normal conditions, only trace
amounts of purine bases and nucleotides are
present in the urine. Two-thirds of daily urate
production is excreted by the kidney, the rest
by the gastrointestinal tract. Except for a small
fraction bound to plasma proteins, urate is com-
pletely filtered at the glomerulus. This is then
mostly reabsorbed in the proximal tubule. The
reabsorption is higher in males (92%) than in
females (88%) and is lower in children of both
sexes (70-85%). This probably explains the
rare incidence of gout in women and children
[2]. There are numerous urate transporters in
the proximal tubule, resulting in both secretion

and reabsorption by different transport mecha-
nisms [4], and many of these transporters are
involved also in the transport of other organic
anions [4, 5]. The uric acid pool in humans is
determinated by the balance between synthesis
and excretion. Production can be increased by
several mechanisms, including genetic defects
and states of high cell turnover and alcohol
ingestion; however, it is important to stress that
the majority of cases with elevated serum uric
acid levels result from impaired renal excretion
[4]. Whereas hyperuricemia is a metabolic risk
factor and is capable of causing disease by
itself, hypouricemia may indicate an underlying
pathological condition. Hypouricemia is defi-
ned as a serum urate level less than 2 mg/dL
(119 umol/L). The prevalence in the general
population is 0.2% and in hospitalized patients
is 1.2% [6]. Primary hypouricemia is caused by
disorders of purine metabolism and transport.
This laboratory finding is sometimes overlooked
and following two genetic defects should be
considered in differential diagnosis of unex-
plained hypouricemia.

Hereditary xanthinuria

This genetic defect of purine metabolism
results from a deficiency of xanthine dehydro-
genase (XDH) with an autosomal recessive mode
of inheritance. Hereditary xantinuria is clas-
sified into three categories. In type I, only xan-
thine dehydrogenase is lacking. In type II, in
addition, aldehyde oxidase activity is also defi-
cient. A third type, molybdenum cofactor defi-
ciency is characterized by the lack of sulphite
oxidase deficiency, as well as xanthine dehy-
drogenase and aldehyde oxidase activities. All
types are characterized by very low or even un-
detectable concentrations of urate in blood and
urine and a very high concentration of xanthine
in urine (more then 25 pmol/mol creatinine).
Hypouricemia is the key to diagnosis. More
than 50% of patients remain asymptomatic. The
incidence of this genetic defect is unknown. So
far, approximately 150 cases have been described
worldwide. An annual incidence has been esti-
mated between 1 : 6,000 and 1 : 69,000. This
wide variability is due to the fact that half of
the affected individuals remains asymptomatic
and therefore this condition is underdiagnosed.
In addition, newborn screening for this genetic
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defect is not performed and so the precise
incidence determination is not available. There-
fore reported numbers of incidence are just
rough estimates. The disorder appears to be re-
latively prevalent in the Mediterranean region
[7, 8]. Symptom onset may be at any age.
Approximately 50% of patients with classical
xanthinuria present with symptoms of urinary
tract infection, haematuria, renal colic, acute
renal failure, crystalluria or urolithiasis. In some
rare patients, renal disease may evolve to kid-
ney failure, or may even induce arthropathy,
myopathy or duodenal ulcer. Diagnosis is based
on estimation of uric acid in blood and urine. If
hypouricemia is found, detailed purine metabo-
lic investigation follows and includes the mea-
surement of xanthine and hypoxanthine in urine
and plasma. High urinary levels of xanthine are
then very typical for classical xanthinuria. Ad-
ditional methods for diagnosis confirmation
and/or identification of the type of xanthinuria
include the allopurinol loading test, xanthine
oxidase assay and molecular analysis [9-11]. In
therapy, low purine diet and high fluid intake is
recommended. Since the solubility of xanthine
is not affected by urinary pH, alkalization is of
no value. When calculi are present, a pyeloli-
thotomy might be necessary [11].

Primary hereditary renal hypouricemia

This disorder is a new genetic defect of
renal transport of uric acid. Two types were
distinguished: a) renal hypouricemia type 1,
caused by the defects in the SLC22A12 gene
coding the human urate transporter 1 (hURATI)
and b) renal hypouricemia type 2, caused by
the defects in the SLC2A9 gene, which encodes
GLUTO transporter. The human urate transpor-
ter 1 (WURAT1) acts as an influx transporter
for urate at the apical membrane at the proxi-
mal renal tubule. GLUTO is an efflux tran-
sporter, transporting urate from tubular cell to
interstitium /blood space. This disorder predi-
sposes patients to exercise-induced acute renal
failure and/or nephrolithiasis. Approximately
50% of patients remain asymptomatic. Haema-
turia is sometimes only present [12]. Over one
hundred cases were identified in Japan and and
this number is unique worldwide [12, 13]. Se-

veral patients were described in Macedonia
[14]. Diagnosis is based on two markers: hypo-
uricemia (< 119 pmol/L) and increased fractio-
nal excretion of uric acid (> 10%). Confirmation
of diagnosis is done by molecular analysis of
SCL22A12 and SLC2A9 genes [11, 15, 16].
Therapy is based on high fluid intake, alkaliza-
tion of urine and and avoidance of strenuous
exercise [12]. Clinicians who have questions
regarding diagnosis of this condition should
feel free to contact the first author, who is inte-
rested in the characterization of this disorder
and is able to provide complete investigations
for confirmation of diagnosis. For patients in
whom no mutation has been found, referral to
an academic medical centre will help further
research.

Materials and methods

Over the last 3 years more than 570 sam-
ples referred to our department with unexplai-
ned hypouricemia and suspicious of purine
genetic defect were investigated. In suspected
cases detailed purine metabolic investigation
was performed.

Serum and urinary uric acid was measu-
red by specific enzymatic method. Creatinine
was measured by standard rate-dependent Jaffe
based methods. Endogenous purine metabolites
were investigated in lysed erythrocytes as des-
ribed [17]. The xanthine oxidase activity was
determined using a modified method published
previously [18].

Results

We were able to detect our first patients
with hereditary xanthinuria in our Czech popu-
lation.

Table 1 summarizes biochemical findings
in three patients of Czech origin. The parents of
case one were also investigated. The age range of
the patients was between 9 and 43 years. Two
biochemical markers are evident. Uric acid in
serum was very low (15-16 pmol/L) or even
undetectable. The second marker — levels of uri-
nary xanthine — were very high in the range of
170-327 mmol/mol creatinine, in contrast to
lower concentrations in the healthy father and
mother of case 1. In addition, in two patients
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and the parents of patients one, xanthine de-
hydrogenase activity in plasma was measured
[19]. Low or even undetectable activity was
found. All these findings confirmed a diagnosis
of hereditary xanthinuria.

In addition, we were able to detect our
first patients with primary renal hypouricemia
as described previously [15, 16, 20].

Table 1
Biochemical findings in patients with XDH deficiency
Case, age Uric acid in serum Xanthine in urine Xanthine dehydrogenase
(umol/1) (mmol/molCr) activity plasma (pmol/h/ml)
1 43 15 190 0,37
2 29 not detected 170 0,00
Father 48 268 18 3,35
Mother 48 182 14 8,38
3 9 16 327 not performed
Reference 120-340 <25 3,2-9,2
Range 120416
Discussion nuria (molybdenum cofactor deficiency) with

The diagnostic problem of genetic defects
of purine metabolism is compounded by a limi-
ted awareness due to their relatively recent des-
cription. From the diagnostic point of view,
there is an advantage for the two of these dis-
orders, in which hypouricemia is the first bio-
chemical sign. Hypouricemia has been proved
in hereditary xanthinuria and primary renal
hypouricemia as a good biochemical marker [4,
12], so measurement of urate levels in blood
and urine in suspicious patients is very impor-
tant [11]. In addition, the importance of hyper-
uricemia also arises because of its potential to
cause not only gout but also hypertension and
renal disease. Recent studies have found that
soluble uric acid has proinflammatory and pro-
liferative effects on vascular smooth muscle
cells and causes dysfunction of endothelial cells.
Uric acid has thus a role as a true risk factor for
kidney disease [21].

Our experience in the detection of gene-
tic defects of purine metabolism shows that the
finding of hypouricemia needs further investi-
gation in specialized laboratories in order to
exclude other secondary causes of hypourice-
mia. These include conditions such as Fancony
syndrome, Wilson disease, cystinosis, heavy
metal poisoning, liver diseases, medication with
uricosuric agents, etc. A third type of xanthi-

combined xanthine dehydrogenase/aldehyde oxi-
dase/sulphite oxidase deficiencies is associated
with neurological symptoms such as dysmor-
phic features, seizures (often refractory to anti-
convulsants), mental retardation and elevated
concentrations of sulfocysteine in urine [22]. The
diagnosis required multidisciplinary approach.
Currently there are few laboratories in Europe
providing the necessary diagnostic service. We
were able to find our first patients with heredi-
tary xanthinuria in our Czech population. Two
biochemical markers (hypouricemia less than
120 pmol/L and elevation of urinary xanthine
more than 25 pmol/mol creatinine) were evi-
dent in all patients and were sufficient for the
establishment of diagnosis. In addition, measu-
rement of xanthine dehydrogenase activity in
plasma confirmed diagnosis. Our experience
shows that even grossly elevated urinary xan-
thine (327 pmol/L) in case No. 3 did not con-
tribute to the formation of xanthine stones.

All our patients with primary renal hypo-
uricemia had profound hypouricemia and this
finding was the first reason for referral of these
suspected patients to our department [15, 16, 20].

In conclusion, hereditary xanthinuria and
hereditary renal hypouricemia are still unreco-
gnized conditions. Patients with unexplained
hypouricemia need detailed purine metabolic
investigation.
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Pesume

IIYPUHCKHN HAPYIIIYBAIBA
CO XUIIOYPUKEMUJA

WBanu IleGecra"’, Bianka CTu6ypkosa’

' MHCTHTYT 32 MeIUIMHCKA GHOXEMHja

u Jlaboparopucka aujarnoctuka, [lps dakynrer

3a MexuuuHa, Kapnos yHusepsurer Bo Ilpara,
Peny6nuka Yemka

* MHCTHUTYT 32 HACJIE/IHU GONECTH

Ha MeTabonu3MoT, [IpB dakynTer 3a MeaUIINHA,
Kapnos yuuBepsutet Bo [Ipara, Peny6nuka Uenka

XunoypukeMuja ce neuHHpa Kako Bpen-
HOCTH Ha cepyMcKH ypat nomamu ox 2 mg/dL (119
pmol/L). IlpumapHaTta XHIOypHKEMHja € TIPEIH3-
BUKaHa of 3a00JyBamara Ha IypUHCKHOT MeTabo-
n3aM | TpaHcropt. OBOj 1abOpaTOPUCKH HAOJ KOj
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HEKOTall ce MPEeBHyBa U BO OJHOC HA JIBaTa I'eH-
cku aedexra 6u Tpebano na ce pasriena Bo nude-
peHIMjaHa JjarHo3a Ha HeoOjacHeTa XUTIOypPHKe-
Muja. XepeauTapHa KCaHTHHYpHja € aBTO30MHO
perecuBHa OOJNECT W Ce JOIKM Ha MYTaldd BO
KCaHTHH OKCHJIa3aTa, IITO BOIU A0 XHUIEPIPOAYK-
[Hja HAa KCAaHTHMH U MHUHHUMAaJHA MPOAYKIHja HA
ypat. [lanueHTHTe UMaaT MHOTY HUCKH BPETHOCTH
Ha CEPyMCKH ypaT U CTpagaaT OJl 3TOJEMEHH Bpe-
HOCTH Ha KCAHTHH BO ypUHATA, IITO BOJIH JIO [10jaBa
Ha KCAaHTHHCKU KaMema, XeMaTypHja M MOHEKOIalll
OKyJITHa XpOHWYHA OyOpexHa ciaboct. Xurnoypu-
KeMHjaTa € KIy4 KOH JWjarHo3aTa. XepeauTapHa
peHalIHa XUIIOypUKEMH]ja € HOB TeHETCKU Ae(eKT BO
OyOpeXHUOT TPAHCIOPT Ha ypHHEYHATa KHUCEIHHA.
Ce pa3iMKyBaar JjBa THIIA: a) PEHAIHA XHUIIOypHKe-
muja tun 1 npenn3Bukana on nedexror Bo SLC22A12
TeHOT, KOj TO KOJUpPa XyMaHUOT ypaTeH TPAHCIIOP-
tep 1 (hURATI) u 6) peHaniHa XUTIOYPUKEMH]ja TUTT
2 mpenusBukana ox nedekror Bo SLC2A9 reHor,

koj To xomupa GLUT9 tpancmoprepor. [lanuentn
CO OBME HapyllyBama ce MPEeIUCIIOHUPAHU Aa pas-
BUjaT aKyTHa OyOpekHa ciabocT 1mo (GU3MYKU HATIOp
u/unu Heponurtujaza. JujarHozata ce 6azupa Ha 2
Mapkepa: xunoypukemyja (< 119 pumol/L) u 3romue-
MeHa (ppaklMOHAa eKCKpellMja Ha ypUHEYHaTa KH-
ceimmHa (> 10%). IToBeke ox 100 cimyuaum ce omm-
IIaHd BO JaloHMja W BO CBETCKHM pa3MepH OBa €
yHHMKaTHa Opojka. Hekonky manueHTH, UCTO Taka,
ce onumanu B0 Makenonuja. Hue ycrieaBme aa ne-
TekTupame 4 uemku ¢(aMUIMH CO XepeluTapHa
KCaHTHHYpHja M OCYM CIlydall Ha pEHaJHa XHIIO-
ypukemuja. Bo 3axiydok, xepeaurapHaTa KCaHTH-
HypHja W XepeauTapHaTa peHalHa XHIIOYpUKeMHja
c¢ ymre ce Hemperno3HacHW KoHauiuu. [lanmeHTn
co HeoOjacHeTa XWIIOyYpHKeMHja OapaaT JeTaiiHa
MpoIleHa Ha IIyPUHCKUOT MeTaboIHI3aM.

Kayunu 360poBH: XHIIOypUKEMHU]ja, yPUHCKA METabo-
jmszaM, hURATI1, GLUTO9.



