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Molybdenum cofactor deficiency
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1 MoCoERFRDBEHEFEHR /N
GTP: guanosine triphosphate, c¢PMP: cyclic pyranopterin monophosphate. MPT: molybdopterin,

AMP: adenosine monophosphate.
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MoCo sulfurase (&, MoCo ~FEEE T % A4
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¢PMP: cyclic pyranopterin monophosphate, MPT: molybdopterin,
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Common dysfunctional variants of ABCG2 decrease

extra-renal urate excretion and cause hyperuricemia

H. Matsuo’, T. Takada?, A. Nakayama', T. Shimizu3, H. Kasuga?, H. Nakashima#*, T. Nakamura®, Y. Takada®,
Y. Kawamura’, Y. Utsumi®, H. Ogata’, M. Nakamura’, Y. Sakurai?, T. Hosoya®, N. Shinomiya’', H. Suzuki? & K. Ichida’#

1) Dept. Integrative Physiol. Bio-Nano Med., National Defense Med. College, Tokorozawa Japan. 2) Dept. Pharm., Univ. Tokyo Hosp., Tokyo Japan. 3)Midorigaoka Hosp., Takatsuki Japan.
4) Dept. Prev. Med. Publ. Health, National Defense Med. College, Tokorozawa Japan. 5) Lab. Math., National Defense Med. College, Tokorozawa Japan. 6) Central Res. Institute, National
Defense Med. College, Tokorozawa Japan. 7) Dept. Pathophysiol., Tokyo Univ. Pharm. Life Sci., Tokyo Japan. 8) Dept. Intern. Med., Jikei Univ. School Med., Tokyo Japan.

ABCG2 is identified as a high-capacity urate exporter and its dysfunction has
an association with serum uric acid (SUA) levels and gout/hyperuricemia risk.
Hyperuricemia causes gout and kidney stones, and accelerates development
of chronic kidney disease. Here we show that decreased extra-renal urate
excretion caused by common dysfunctional variants of ABCG2 is a novel
common mechanism of hyperuricemia.

Background

Extracellular F5065fsX4 " "
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SN 0 {600 603 608
“\%j‘ 2 2

| ““os0on. .. 29000GC

& ¢ 550 © Beso. 655
05 Intracellular  Sogmopennoeuredinsdd “DO0ERIS
& ) Cterminal

Hoeoony,
G300 .~ G268R
motif 2500
FOBSICELL
200 Csignature
L A S e T
N Q126X~ Quatk— 150
100 motif
N i 508
Neterminal

Fig.1. Topological model of ABCG2.

The topological model of ABCG2 and six nonsynonymous mutation sites
(magenta) found in 90 hyperuricemic patients. #, N-linked glycosylation site
(N596); *, cysteine residues for disulfide bonds (C592, C603, and C608).
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Fig.2. Urate transport of mutated ABCG2.

Vesicles prepared from HEK293 cells expressing the wild type or variants of
ABCG2 were incubated with #C-labeled urate with or without ATP. The
amount of “C-labeled urate was measured after 5 min. Boxes show the
differences of transported urate with ATP or without ATP (ie. with AMP).
Results are expressed as means = SD.
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Fig.3. Relation between ABCG2 transport dysfunction and gout.

(n=865)

Genotype combinations of Q126X and Q141K are divided into several
groups based on estimated ABCG2 transport functions. Up to 10.1% of
total gout patients have genotype combinations resulting in <25%
function(n=161), whereas the asymptomatic carriers of these genotype
combinations, who would have possible risk of gout, were only 0.9% of the
normal population (n = 865).
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Fig.4. Proposed model of renal and gut urate excetion in human.

s in 644 male outpatients with hyperuricemia.

clinical p

We determined ABCG2 genotypes of 644 male outpatients and patients’ types of
hyperuricemia according to the current classification (Fig.5) with their urine samples.
The effects of ABCG2 dysfunction on the urate excretion pathways were also
investigated.

Experimental with Abcg2-knockout mice.

We introduced Abcg2-knockout mice and estimated the relative contribution of each
pathway (urinary, intestinal and billiary excretion) to the total urate excretion.
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Fig.5. Current classification of hyperuricemia.

Classification of hyperuricemia is based on urinary urate excretion (UUE) and
fractional excretion of urate (FE ).

Patients were classified as overproduction hyperuricemia when their UUE was
over 25.0 mg/hr/1.73 m? (600 mg/day/1.73 m?).
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Fig. 6. Increase of urinary urate excretion (UUE) and the frequency of
overproduction hyperuricemia by ABCG2 dysfunction.
(a) UUE according to each ABCG2 function among 644 patients with
hyperuricemia. (P = 3.60 x 10-1°). All bars show mean =+ s.e.m.
(b) Frequency of “overproduction” hyperuricemia according to each ABCG2
function.
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Fig. 8. Urate excretion via Abcg2 in a mouse model.

(a) Concentration-dependent urate transport via Abcg2 (n=3).

(b-d,f,g) In vivo study using Abcg2-knockout and wild-type mice.

(b) Serum uric acid (SUA) levels (n=19-20), *** P=8.8x10®

(c) Urinary excretion of urate (n=10-11), *** P=4.1x10*

(d) Time course of intestinal urate excretion (n=4), ***P < 0.001; **P = 0.0066;
*P=0.021.

(e) Transintestinal urate transport (n=3-4).

(f) Urate excretion in intestine and bile (n=3-4), *** P=3.6x10*

(g) Relative contribution of urinary, intestinal and biliary urate excretion pathways.
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Fig.9.P h | model and proposed new classification of

Abbreviations: Cl, confidence intervai; OP, overproduction; RR, risk ratio.
*Patients were classified as OP hyperuricemia (OP type and combined type) when
their UUE was over 25.0 mg h~'/1.73 m2 (600 mg per day/1.73 m2). UUE was
normalized for a body surface area of 1.73 m2. Other patients were classified as
non-OP hyperuricemia.

tUsing Poisson regression analysis, RR, 95% CI, and P value are adjusted with
covariates of body mass index, alcohol intake, and single nucleotide
polymorphisms of urate-related genes (rs506338 in URAT1, rs11722228 in GLUT9

and rs12129861 in PDZKT).
N.s.
DADCG2 (+/+)
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Fig.7.Q itative real-time PCR for urat
Abcg2-knockout mice.

Relative expression levels of Abcg2,Urat1,Glut9,and Pdzk1 in the kidney of the
wild-type and Abcg2-knockout mice were determined by the quantitative real-
time PCR. Expression level of each gene was normalized by that of g-actin.
*P =0.019. N.S., not significant. All bars show means =% s.e.m. P values were
obtained by Student's t-test (n=3).
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hyperuricemia.
Hyperuricemia is currently classified into urate “overproduction type” (A), “renal
underexcretion type™ (B), and combined type. Taking extra-renal urate excretion into
account, we propose a testable model by which “overproduction type” be renamed
“renal overload type” (A), consisting of two subtypes, genuine “overproduction” (A1)
and “extra-renal underexcretion” (A2).
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