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A Significance of Selective Inhibition of Urate Transporter
1 and Non-Inhibition of Adenosine Triphosphate-Binding
Cassette Transporter in Renal Function in a Patient
With Advanced Stage Chronic Kidney Disease
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To the Editor

Recently, we proposed our interesting hypothesis on a pos-
sible exquisite crosstalk of urate transporter 1 (URAT1) with
other uric acid (UA) transporters for chronic kidney disease
(CKD) induced by dotinurad [1]. Here, we will report a case
that proved our hypothesis. In humans, reabsorption of UA
into blood plays a crucial role in regulating serum UA. Renal
UA reabsorption is mainly mediated by URAT1 and glucose
transporter 9 (GLUT9) [2] (Fig. 1). The adenosine triphos-
phate (ATP)-binding cassette transporter G2 (ABCG2) has
been identified as a high-capacity UA exporter that mediates
renal and extra-renal (intestinal) UA excretion [3] (Fig. 1). In-
doxyl sulfate (IS) is an important uremic toxin that accumu-
lates under renal impairment and is involved in the progression
of CKD, by inducing inflammation and free radical production
[4]. Serum IS levels increase gradually with the decrease of
renal function and reached the highest level in CKD stage 5
[5]. IS excretion is mediated by renal and intestinal ABCG2
[6] (Fig. 1). Therefore, as the CKD stage progresses, the func-
tion of ABCG2 becomes more important in maintaining renal
function.

We previously reported that the use of dotinurad, a novel
selective URAT1 inhibitor which does not inhibit ABCG2,
improved renal function in a 72-year-old male obese diabetic
patient with CKD stage G4 [7]. After that, we added a xanthin
oxidase (XO) inhibitor, topiroxostat, because the UA-lowering
effect of maximal dose of dotinurad was not sufficient. Before
the start of topiroxostat, systolic and diastolic blood pressures
were 132 and 73 mm Hg, respectively. Serum UA and creati-
nine levels were 6.3 and 2.59 mg/dL, respectively. Two months
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after the start of topiroxostat, systolic and diastolic blood pres-
sures were 134 and 72 mm Hg, which did not significantly
change as compared with those before the start of topiroxostat.
Although serum UA level remarkably decreased from 6.3 to
4.8 mg/dL, serum creatinine level increased from 2.59 to 2.94
mg/dL (Fig. 2). We discontinued the use of topiroxostat due to
worsening of renal function.

Four days after the discontinuation of topiroxostat, serum
UA level promptly increased to 6.6 mg/dL, however, serum
creatinine level promptly decreased to 2.81 mg/dL. Thirteen
days after the discontinuation of topiroxostat, serum UA in-
creased to 6.7 mg/dL; however, serum creatinine continued to
decrease to 2.28 mg/dL. During the period after the discontinu-
ation of topiroxostat, a significant change in blood pressure
was not observed.

Topiroxostat was reported to inhibit ABCG2 [8], which
may lead to increase in serum creatinine due to reduced excre-
tion of IS. We previously reported a significant increase in esti-
mated glomerular filtration rate (¢GFR), in spite of an increase
in serum UA, by the switching from fenofibrate which inhibits
ABCG?2 to pemafibrate in type 2 diabetic patients [8, 9], sup-
porting an importance of ABCG2 for renal function. Hyper-
uricemia was associated with a greater incidence of end-stage
renal disease [10]. Adjusted hazard ratios for hyperuricemia
were 2.004 (95% confidence interval (CI): 0.904 - 4.444) in
men and 5.770 (95% CI: 2.309 - 14.421) in women. UA it-
self is toxic for kidney; however, in patients with severe renal
impairment, IS is also involved in the progression of CKD.
Therefore, the function of intestinal ABCG2 which excretes
IS into urine may be more critical for renal function in patients
with advanced CKD. An oral spherical carbonaceous adsor-
bent (AST-120, Kremezin; Kureha Chemical, Tokyo, Japan)
adsorbs indole, the precursor of IS, in the intestine and pre-
vents IS production. Since AST-120 decreases serum IS in a
dose-dependent manner, multicenter prospective trials have
been conducted in Japan in the 1980s; these trials were mostly
in favor of the efficacy of AST-120 in delaying the initiation of
dialysis in patients with advanced stage CKD [11]. This sup-
ports the significance of intestinal ABCG2 which excretes IS
for the maintenance of renal function in patients with severe
renal dysfunction. A very recent study reported that dotinu-
rad did not significantly change eGFR in patients with 30 <
eGFR < 45 and eGFR > 45; however, dotinurad significantly
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Figure 1. Renal and intestinal excretion of UA and indoxyl sulfate. ABCG2: ATP-binding cassette transporter G2; GLUT9: glu-
cose transporter 9; IS: indoxyl sulfate; OAT: organic anion transporter; UA: uric acid; URAT 1: urate transporter 1; ATP: adenosine

triphosphate.

improved eGFR in patients with eGFR < 30 [12], supporting
our hypothesis.

We have to mention the limitations of our case report. We
did not measure serum IS which might have strengthened our
hypothesis. We summarized our hypothesis. Dotinurad inhibits
the reabsorption of UA, which reduced UA accumulation in
the kidney. Since ABCG2 is an exporter of both UA and IS,
it is thought that when UA in the kidney decreases, more IS
is excreted into urine by ABCG2 because IS has less competi-
tion with UA for ABCG2 (Fig. 3a). Topiroxostat inhibits renal
ABCG2, and IS is not excreted into the urine and accumulates
in the kidney, which may deteriorate renal function (Fig. 3b).
Topiroxostat also inhibits intestinal ABCG2, which decreas-
es IS excretion into the feces and increases blood IS, further
worsening renal function by increasing renal IS accumulation
(Fig. 3b).

In conclusion, our case suggests that dotinurad which se-
lectively inhibits URAT1 and does not inhibit ABCG2 may
have the potential to improve renal function in patients with
severe renal dysfunction because IS excretion by ABCG2 may
be very critical for renal function in such patients.
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Figure 2. Change in serum creatinine levels before and after the start of topiroxostat in a diabetic patient who developed CKD

stage G4. CKD: chronic kidney disease.
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Figure 3. Effects of dotinurad (a) and topiroxostat (b) on renal and intestinal transport of UA and indoxyl! sulfate, and renal func-
tion. ABCG2: ATP-binding cassette transporter G2; IS: indoxyl sulfate; UA: uric acid; URAT1: urate transporter 1. ATP: adenosine

triphosphate.
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