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Abstract
Background: Renal hypouricemia (RHUC) is an inherited heterogenous disorder caused by faulty urate reabsorption
transporters in the renal proximal tubular cells. Anaerobic exercise may induce acute kidney injury in individuals
with RHUC that is not caused by exertional rhabdomyolysis; it is called acute renal failure with severe loin pain and
patchy renal ischemia after anaerobic exercise (ALPE).
RHUC is the most important risk factor for ALPE. However, the mechanism of onset of ALPE in patients with RHUC
has not been elucidated. The currently known genes responsible for RHUC are SLC22A12 and SLC2A9.
Case presentation: A 37-year-old man presented with loin pain after exercising. Despite having a healthy
constitution from birth, biochemical examination revealed hypouricemia, with a uric acid (UA) level of < 1 mg/dL
consistently at every health check. We detected acute kidney injury, with a creatinine (Cr) level of 4.1 mg/dL, and
elevated bilirubin; hence, the patient was hospitalized. Computed tomography revealed no renal calculi, but
bilateral renal swelling was noted. Magnetic resonance imaging detected cuneiform lesions, indicating bilateral
renal ischemia. Fractional excretion values of sodium and UA were 0.61 and 50.5%, respectively. Urinary microscopy
showed lack of tubular injury. The patient’s older sister had hypouricemia. The patient was diagnosed with ALPE.
Treatment with bed rest, fluid replacement, and nutrition therapy improved renal function and bilirubin levels, and
the patient was discharged on day 5. Approximately 1 month after onset of ALPE, his Cr, UA, and TB levels were
0.98, 0.8, and 0.9 mg/dL, respectively. We suspected familial RHUC due to the hypouricemia and family history and
performed genetic testing but did not find the typical genes responsible for RHUC. A full genetic analysis was
opposed by the family.
Conclusions: To the best of our knowledge, this is the first report of ALPE with hyperbilirubinemia. Bilirubin levels
may become elevated as a result of heme oxygenase-1 activation, occurring in exercise-induced acute kidney injury
in patients with RHUC; this phenomenon suggests renal ischemia-reperfusion injury. A new causative gene coding
for a urate transporter may exist, and its identification would be useful to clarify the urate transport mechanism.
Keywords: Renal hypouricemia, Acute renal failure with severe loin pain and patchy renal ischemia after anaerobic
exercise, Hyperbilirubinemia, Acute kidney injury
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Background
Renal hypouricemia (RHUC) is a common inherited
heterogenous disorder, caused by faulty urate reabsorption transporters in the renal proximal tubular cells. Furthermore, RHUC does not originate from congenital
purine metabolism abnormalities or secondary hypouricemia [1, 2]. After anaerobic exercise, such as sprinting,
an acute kidney injury not related to myoglobin may develop. This acute kidney injury is called acute renal failure with severe loin pain and patchy renal ischemia after
anaerobic exercise (ALPE), and it is not caused by exertional rhabdomyolysis.
ALPE is also known as exercise-induced acute kidney injury (EIAKI) and is one of the complications of RHUC [1].
Moreover, RHUC is an important risk factor for ALPE. The
mechanism of ALPE with RHUC is not sufficiently known,
but various hypotheses include active oxygen scavenging insufficiency/renal ischemia and acute uric acid nephropathy.
RHUC is a condition that reduces reabsorption in the proximal tubule or promotes secretion, resulting in accelerated
uric acid (UA) clearance in the kidneys and markedly decreases serum UA levels. Genetic mutations have been reported to play a role in RHUC; most cases of RHUC are
associated with mutation of the genes SLC22A12 [encoding
urate transporter 1 (URAT1)] [3] and SLC2A9 [encoding
glucose transporter member 9 (GLUT9)] [4–9], but there
are exceptions as well. We report the case of a patient with
ALPE with hyperbilirubinemia and RHUC who did not
have the characteristic genetic mutations.
Case presentation
A 37-year-old man presented with the chief complaint
of loin pain. He had no abnormalities in growth and development and had a healthy constitution; however, he
once had an approximately 1-week episode of convalescence for loin pain after exercising in junior high/high
school. Hypouricemia was noted on every biochemical
examination in health check with a UA level of < 1 mg/
dL. However, until now, his renal function and urine
findings had been normal, and there was no history of
examination at a medical institution. Bilateral loin pain
developed during walking. The patient expected an improvement in the pain from walking; hence, he engaged
in intensive exercise, including swimming for 1 h, fast
walking / jogging for 2 km, and active muscle training
for approximately 2 h. However, the pain worsened and
persisted. He was then examined at the Department of
Urology at our hospital. Renal calculi were ruled out via
computed tomography (CT), but with a creatinine (Cr)
level of 3.7 mg/dL, acute kidney injury with hyperbilirubinemia was diagnosed. The patient was then examined
at the Department of Nephrology at our hospital. The
following day, renal function further worsened with a Cr
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level of 4.1 mg/dL, and the patient was hospitalized on
an emergency basis for detailed testing and treatment.
He had no notable medical history and no constitutional jaundice. The patient’s older sister was reported
to have hypouricemia, but the UA level was unknown.
He also had no history of allergy and was a non-smoker
and an occasional drinker. His physical characteristics
were as follows: height, 166 cm; weight, 66.8 kg; body
mass index, 24.2 kg/m2; blood pressure, 135/53 mmHg;
heart rate, 53 beats/min; body temperature, 37.0 °C;
lucid; no anemia of the palpebral conjunctiva; no jaundice of the bulbar conjunctiva; no oral cavity findings;
no swelling of the cervical lymph nodes; bilateral costovertebral angel tenderness; no pedal edema; no arthralgia; no cutaneous findings; and no neurological findings.
The blood and urine test results of the patient are
shown in Table 1. The blood test results revealed renal
function damage, hyperbilirubinemia in indirect bilirubin
dominance, slight increase in C-reactive protein level, elevated fibrinogen levels, slight increases in creatine kinase (CK) and myoglobin levels, and hypouricemia.
However, no data could be found suggestive of a collagen disease or vascular disease, and there were no findings indicative of hemolysis without anemia and elevated
LDH.
The urine test results did not reveal any abnormal
urinary findings. There were no urinary microscopic evidence, tubular epithelial cells, granular cast, epithelial
cell cast, uric acid crystals, microscopic hematuria, and
eosinophiluria. However, there were aciduria and mild
elevation in myoglobin, whereas tubular injury markers
were almost normal. Prerenal failure was suggested by a
fractional excretion of sodium (FENA) level of 0.61, and
fractional excretion of UA (FEUA) was markedly elevated at a level of 50.5%. CT examination revealed bilateral renal swelling, but there were no hepatobiliary
structural abnormalities and no other abnormal findings.
Contrast-enhanced CT was not performed because of
the renal dysfunction. Instead, renal magnetic resonance
imaging (MRI) was performed, and the T2-weighted
image showed a cuneiform low-signal area suggestive of
heterogeneous ischemia (Fig. 1a, b).
For the differential diagnosis, medical history was
gathered, and laboratory investigations were conducted. There had been no issues during growth and
development; the patient had never experienced any
liver injury, and bilirubin levels had been within the
normal range at every yearly health check. There was
no past history of fatty liver, viral hepatitis, or congenital liver disease. Furthermore, hepatitis B virus
surface antigen, hepatitis B virus core antibody, and
hepatitis C virus antibody are all negative. No chronic
liver injury, neurological injury, or urinary abnormalities were detected. Based on these findings, Fanconi
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Table 1 Laboratory data at admission (Day 2)
Urinalysis
Protein (−)

Biochemistry/Immunological test/Coagulation test
±

TP (6.4~8.1 g/dL)

7.1 g/dL

HbA1c (4.6~6.2%)

5.2%
1.447 μIU/mL

Occult blood (−)

–

Alb (3.9~4.9 g/dL)

4.0 g/dL

TSH (0.35~4.94 μIU/mL)

Glucose (−)

–

UA (3.7~7.0 mg/dL)

2.7 mg/dL

FT4 (0.7~1.48 ng/dL)

0.83 ng/dL

Bilirubin (−)

–

BUN (7.2~20.0 mg/dL)

38.1 mg/dL

IgG (870~1700 mg/dL)

1433 mg/dL

Red blood cell (< 1/HPF)

< 1/HPF

Cr (0.5~1.1 mg/dL)

IgA (110~410 mg/dL)

163 mg/dL

4.14 mg/dL
2

2

Protein content (< 150 mg/gCr)

98 mg/gCr

eGFR (≧60 mL/min/1.73m )

15 mL/min/1.73 m

IgM (33~190 mg/dL)

129 mg/dL

PH (4.8–7.5)

5.5

TB (0.2~1.0 mg/dL)

2.5 mg/dL

C3 (86~160 mg/dL)

103 mg/dL

Myoglobin (≦10 ng/mL)

12.1 ng/mL

DB (0~0.4 mg/dL)

0.6 mg/dL

C4 (17~45 md/dL)

24.5 mg/dL

α1MG (≦8.0 mg/L)

11.91 mg/L

AST (10~40 IU/L)

23 IU/L

CH50 (30~45 U/mL)

49 U/mL

NAG (≦11.5 U/L)

3.8 U/L

ALT (5~45 IU/L)

21 IU/L

Antinuclear Ab (≦40)

1:40

β2MG (≦250 μg/L)

415 μg/L

ALP (104~338 IU/L)

149 IU/L

Anti-dsDNA-Ab (−)

(−)

FENA (< 1.0%)

0.61%

γ-GT (16~73 IU/L)

24 IU/L

Anti-Sm-Ab (−)

(−)

FEUA (5.5~11.1%)

50.5%

LDH (120~245 IU/L)

218 IU/L

Anti-MPO-ANCA (−)

(−)

CK (50–230 IU/L)

300 IU/L

White blood cell (3100~9500/μL)

9100/μL

Na (136~145 mEq/L)

138 mEq/L

Anti-PR3-ANCA (−)

(−)

Neutrophil (43.7~76.4%)

76.0%

K (3.6~4.8 mEq/L)

4.5 mEq/L

Serum-Myoglobin (≦60.0 μg/mL)

67.1 ng/mL

Lymphocyte (16.2~47.6%)

14.5%

Cl (99~109 mEq/L)

102 mEq/L

Lactate (4.0~16.0 mg/dL)

8.9 mg/dL

Complete blood cell count

Monocyte (2.9~7.9%)

8.5%

cCa (8.4~10.4 mg/dL)

9.2 mg/dL

PT (70~130%)

110%

Eosinophil (0.6~9.0%)

0.8%

IP (2.2~4.6 mg/dL)

3.2 mg/dL

PT-INR (1.0 ± 0.15)

0.96

Red blood cell (401~540 × 104/μL)

445 × 104/μL

Glu (70~109 mg/dL)

88 mg/dL

APTT (24.0~38.0 s)

25.1 s

Hemoglobin (13.5–16.9 g/dL)

13.8 g/dL

TC (130~219 mg/dL)

193 mg/dL

Fibrinogen (170~360 mg/dL)

389 mg/dL

Hematocrit (39.0~51.2%)

40.2%

TG (30~149 mg/dL)

69 mg/dL

FDP (< 10.0 μg/mL)

2.1 μg/mL

Platelet (15.1~34.9 × 104/μL)

21.1 × 104/μL

CRP (≦0.3 mg/dL)

1.6 mg/dL

D-dimer (< 1.0 μg/mL)

0.6 μg/mL

The reference values for each variable are presented in parentheses to the right or under it
α1MG α1-microglobulin, NAG N-Acetyl-β-D-glucosaminidase, β2MG β2-microglobulin, FENA Fractional excretion of sodium, FEUA Fractional excretion of uric acid,
TP Total protein, Alb Albumin, UA Uric acid, BUN Blood urea nitrogen, Cr Creatinine, eGFR Estimated glomerular filtration rate, TB Total bilirubin, DB Direct bilirubin,
AST Aspartic aminotransferase, ALT Alanine aminotransferase, ALP Alkaline phosphatase, γ-GT γ-glutamyl transferase, LDH Lactate dehydrogenase, CK Creatine
kinase, Na Sodium, K Potassium, Cl Chlorine, cCa Corrected calcium, IP Inorganic phosphorus, Glu Glucose, TC Total cholesterol, TG Total glyceride, CRP C-reactive
protein, HbA1c Hemoglobin A1c, TSH Thyroid stimulating hormone, FT4 Free thyroxine, IgG Immunoglobulin G, IgA Immunoglobulin A, IgM Immunoglobulin M, Ab
Antibody, dsDNA Double- stranded DNA, Sm Smith, MPO-ANCA Myeloperoxidase-anti-neutrophil cytoplasmic antibody, PR3-ANCA Proteinase-3-anti-neutrophil
cytoplasmic antibody, PT Prothrombin time, PT-INR Prothrombin time-international normalized ratio, APTT Activated partial thromboplastin time, FDP Fibrinogen
degradation products

syndrome and Wilson’s disease were excluded. No inappropriate secretion of antidiuretic hormone, malignant tumors, diabetes, or diarrhea was detected. The
patient did not receive NSAIDs, antihyperuricemics,
herbal supplements, nephrotoxic drugs, or contrast
agents. There were no hypotension, infection, or sepsis. Urinary microscopic evidence showed a lack of
tubular injury, and tubular injury markers were almost normal; these findings were negative for ATN.
Low FENA suggested prerenal acute failure. However,
the patient blood pressure was normotensive, and the
oral mucous membrane and skin turgor were normal.
There was no body weight loss compared to his usual
weight, and dehydration was absent. Moreover, the
state of the patient fulfilled the diagnostic criteria for
ALPE [10]. Based on the findings of renal failure and
loin pain after exercise, minor elevation in CK and
myoglobin, hypouricemia, and increase in FEUA as
well as the MRI findings of bilateral renal swelling
and cuneiform low-signal areas, we made a diagnosis

of RHUC and ALPE. At that time, the cause of
hyperbilirubinemia was unknown.
The patient’s progress was favorable, and he was kept
under observation while undergoing bed rest, fluid replacement, and nutrition therapy. On day 4, the Cr level
had improved to 3.4 mg/dL, and the patient was discharged on day 5. One month later, his renal function
had recovered, with a Cr level of 0.98 mg/dL, and bilirubin levels also normalized to 0.9 mg/dL. However, the
UA level was 0.8 mg/dL, indicating severe RHUC. This
progress is shown in Table 2. Considering the patient’s
familial history of RHUC, we performed genetic testing
using next-generation sequencing at the Tokyo Medical
and Dental University. We performed comprehensive
genetic analysis, including that for SLC22A12 encoding
URAT1 and SLC2A9 encoding GLUT9, which are genes
causing RHUC, and SLC34A1, EHHADH, HNF4A, and
SLC2A2, which are genes causing Fanconi syndrome;
however, the results could not identify the responsible
mutation. Based on the patient’s family history, we
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Fig. 1 Renal MRI image. Cuneiform low-signal region found in the T2-weighted renal MRI image, indicating heterogeneous ischemia. a Coronal,
b Axial. MRI, magnetic resonance imaging

considered the possibility of a new genetic mutation
causing RHUC and considered exome sequencing (full
genetic analysis). However, the patient’s family did not
provide consent for genetic testing, and thus we were
not able to identify the gene in question. To prevent
ALPE, we advised the patient to avoid intense exercise;
since then, ALPE has not recurred.

Discussion and conclusions
We report on a case of ALPE accompanied by hyperbilirubinemia with familial RHUC unrelated to mutations
in SLC22A12 encoding URAT1 and SLC2A9 encoding
GLUT9. The clinical course of this case was characterized by recovery from renal failure with improvement of
the hyperbilirubinemia. In addition, although we suspected a conventionally known, typical genetic mutation,
we did not find such a mutation in next-generation sequencing [11], suggesting familial RHUC via a new genetic mutation that has not previously been identified.
According to the clinical practice guidelines for renal

hypouricemia (1st edition) [1], the diagnostic guidelines
for RHUC require that (1) and (2) listed below be continuously found and (3) be satisfied.
1. Hypouricemia with a serum UA level < 2.0 mg/dL.
However, mild RHUC may be present even with a
serum UA level of 2.1–3.0 mg/dL [12, 13].
2. Elevated FEUA or UA clearance (CUA). The
normal values for FEUA and CUA are 8.3% (range,
5.5–11.1%) and 11.0 (range, 7.3–14.7) mL/min,
respectively.
3. Other causes of hypouricemia are ruled out. As
other reference items, identifying a genetic
mutation responsible for RHUC, having a history of
ALPE, and finding a family history of RHUC are
satisfied.
The prevalence of RHUC in Japan is reportedly 0.21%
in men and 0.39% in women [14], whereas its overall
prevalence in Korea is 0.53% [15]; however, the

Table 2 Laboratory data from Day 1 to Day 156
Parameters

Day 1

Day 2

Day 4

Day 8

Day 44

UA (3.7~7.0 mg/dL)

3.0

2.7

2.1

2.2

0.8

0.6

Cr (0.5~1.1 mg/dL)

3.66

4.14

3.36

1.56

0.98

0.84

eGFR (≧60 mL/min/1.73 m2)

17

15

18

42

70

83

TB (0.2~1.0 mg/dL)

2.4

2.5

1.7

0.9

0.9

0.9

CRP (≦0.3 mg/dL)

Day 156

1.6

0.5

0.3

Proteinuria (< 150 mg/gCr)

164

98

116

40

35

33

Urine Occult Blood (−)

(−)

(−)

(−)

(−)

(−)

(−)

Urinalysis Bilirubin (−)

(−)

(−)

(−)

(−)

(−)

(−)

6.0

7.5

46.41

58.33

Urinalysis pH (4.8~7.5)

5.0

5.5

6.0

7.0

FENA (< 1.0%)

0.33

0.45

0.61

0.71

FEUA (5.5~11.1%)

48.32

50.5

51.95

47.91

0.3

The reference values for each variable are presented in parentheses to the right or under it
UA Uric acid, Cr Creatinine, eGFR Estimated glomerular filtration rate, TB Total bilirubin, CRP C-reactive protein, FEUA Fractional excretion of uric acid
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prevalence of hypouricemia in other geographical areas
during the same time period has not been extensively
studied [16]. The inheritance pattern of RHUC is considered to be autosomal recessive [17]. Its complications
include ALPE and urinary calculi. Although the prevalence of ALPE has not been completely elucidated, ALPE
accompanied by RHUC occurs approximately 50 times
more frequently than ALPE without RHUC [10]; furthermore, 51% of ALPE cases involve patients with RHUC
[18], and 6.5–10% of RHUC patients have a history of
ALPE [10, 18–20]. Hypotheses for why RHUC patients
are prone to ALPE include active oxygen scavenging insufficiency/renal ischemia and acute UA nephropathy.
The hypothesis regarding active oxygen scavenging insufficiency/renal ischemia is that because RHUC patients
have low levels of UA, which performs scavenging of active oxygen, the increase in active oxygen due to exercise
induces renovascular hypertension, and the sustained reduction in renal blood flow causes renal tubule necrosis,
leading to ALPE [21–23]. Renal histological findings revealed a high level of renal tubule necrosis [24]. In the
hypothesis regarding acute UA nephropathy, exercise by
RHUC patients with high FEUA increases UA production, which causes further crystallization of UA in the
renal tubules, closing them, and leading to ALPE. However, there are few reports on the pathological findings
of UA nephropathy [10, 25–27]. In our patient, since we
did not find uric acid crystals or tubular injury in urine
microscopy supporting the former hypothesis, we think
that ALPE in RHUC may not be due to uric acid direct
injury and tubular obstruction. Prerenal renal failure in
this case was suggested by < 1% fractional excretion of
Na, and a T2-weighted image in MRI showed a cuneiform low-signal area suggestive of heterogeneous ischemia, which supports the hypothesis that renal ischemia
may be an onset factor for ALPE. Although the imaging
findings were non-specific, a T2-weighted image in MRI
demonstrated a cuneiform low-signal area suggestive of
heterogeneous ischemia. We hypothesize that this finding may relate to renal vasoconstriction.
There are reports of similar findings [10, 28, 29], a report suggesting renal angina [10], and another indicating
reversible renal vasoconstriction [30]. They support the
active oxygen scavenging insufficiency/renal ischemia
hypothesis.
In imaging tests of ALPE, contrast-enhanced CT similarly resulted in cuneiform residual contrast; however,
the use of contrast-enhanced CT requires caution, when
there is an acute kidney injury.
Furthermore, during ALPE, we found hyperbilirubinemia in indirect bilirubin dominance without structural
abnormalities, but bilirubin levels normalized together
with the improvement in renal function. The patient had
no prior history of constitutional jaundice, and no

Page 5 of 8

findings suggestive of hemolysis. Bilirubin has been suggested to protect cells from oxidative stress induced by
reactive oxygen species and free radicals [31]. For example, the physiological significance of neonatal jaundice is believed to be the antioxidant effect of bilirubin
that prevents the increased active oxygen from the dramatic increase in the partial pressure of oxygen after
birth to reduce tissue damage [32].
The cause of hyperbilirubinemia accompanied by
ALPE is not clear in this case. However, from past evidence of a protective mechanism in reactive oxygen species
(ROS)
generation,
we
suspect
that
hyperbilirubinemia in this case may have a relationship
with ischemia-reperfusion of the kidney. The evidence
on the association between hyperbilirubinemia and ROS
is as follows. Heme oxygenase-1 (HO-1) is induced as an
adaptive and protective response to tissue injury by
ROS. HO-1 degrades heme into carbon monoxide (CO)
and biliverdin; the latter is converted to bilirubin [33,
34]. Bilirubin is a potent antioxidant substance [35, 36],
which removes ROS produced by inflammation, lipopolysaccharide (LPS), and ischemia-reperfusion damage,
prevents tissue injury [37–39], and it has a protective effect on the kidneys [40–42].The benefits of elevated
serum bilirubin levels for the prognosis in kidney disease
have been reported in several clinical studies [43–47].
Moreover, moderate hyperbilirubinemia improves renal
hemodynamics [34, 42, 48].
In renal ischemia-reperfusion injury, production of
HO-1 is activated, which promotes bilirubin synthesis
[49–52]. This phenomenon is also important to protect
kidneys from ROS induction caused by a renal ischemiareperfusion injury in rats [53–55]. However, in humans,
ischemic kidney and acute kidney injury do not usually
cause hyperbilirubinemia.
Although acute kidney injury results in the formation
of large quantities of active oxygen [56], in RHUC, active
oxygen is not sufficiently scavenged [22–24]. HO-1 expression has been found in the renal tubule in ALPE
with RHUC, suggesting increase of ROS and ischemic
kidney injury [57]. In infants with RHUC, relative antioxidant inadequacy is observed for exercise load in comparison with the control group [23]. Uric acid is a potent
antioxidant substance [35], and RHUC may cause antioxidant inadequacy on exercise. The relations of uric
acid and bilirubin are not clear, but a negative correlation has been recently demonstrated in the relation between serum bilirubin and serum uric acid levels in
patients with ulcerative colitis [58]. From the above, an
association may exist between bilirubin and ALPE with
RHUC.
Based on these reports, it may be possible that when
acute kidney injury occurs under the specific circumstances of active oxygen scavenging insufficiency due to
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RHUC, an even greater amount of active oxygen is generated, provoking elevated bilirubin as a bioprotective
response to the stress induced by renal ischemiareperfusion injury. In fact, the hyperbilirubinemia in this
case was accounted for almost entirely by indirect bilirubin. Moreover, urinary bilirubin never increased, further
supporting the significance of indirect bilirubin, which is
not water-soluble, throughout the course of the disorder.
The elevation of indirect bilirubin, a precursor to bilirubin diglucuronide, implies an activated state of HO-1 to
produce bilirubin from heme. Therefore, we hypothesize
that elevation of indirect bilirubin may be induced by
HO-1, supporting the described hypothesis. Although
we did not evaluate it, urinary biopyrrin is a marker of
ROS [59], and its evaluation in ALPE and/or RHUC
would be more significant to prove the hypothesis.
We presume that in RHUC bilirubin instead of uric
acid may increase upon exercise, based on the evidence
mentioned above [23, 57, 58]; however, clear evidence is
absent.
Our case may be the first report that discusses ALPE
as a complication of hyperbilirubinemia, and inferences
about this phenomenon suggest a renal ischemiareperfusion injury, supporting an active oxygen scavenging insufficiency/renal ischemia hypothesis. In future,
studies must be conducted that use the accumulation of
cases of ALPE with RHUC, in which bilirubin dynamics
are of note, and studying this specific pathology will lead
to a clarification of the causes of ALPE.
The prognosis for ALPE is favorable, and it resolves
with common treatments for acute kidney injury. There
are cases where dialysis was performed on a temporary
basis, but there are probably no reports of cases requiring maintenance dialysis. In addition, a case of posterior
reversible encephalopathy syndrome (PRES) occurring
with ALPE has been reported [60, 61]. The pathology of
ALPE with RHUC is unknown, and there is no consensus on its prevention or management, but it has been reported that allopurinol reduces urinary urate excretion
during exercise in RHUC patients and suppresses UA
crystal formation in renal tubule lumens, successfully
preventing ALPE. Thus, the xanthine oxidase reductase
promoters of allopurinol, febuxostat, or topiroxostat are
recommended for use [25, 62]. Most cases of RHUC
complicated with ALPE have a usual serum UA level of
< 1.0 mg/dL, with almost no cases exceeding 2.0 mg/dL
[12, 13, 20, 63–65], suggesting that a serum UA level
below a certain value is a risk factor for ALPE. ALPE recurs frequently; thus, guidance on exercise intensity is
needed [24], but it is not clear what degree of exercising
can be tolerated by RHUC patients. The reason RHUC
is prone to complications by urinary calculi is believed
to be an increase in urinary urate excretion, and it is
found in 7–10% of RHUC cases [63]. RHUC complicated
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by aciduria has also been reported [66]. Furthermore,
RHUC reduces vascular endothelial function and so can
be a risk factor for arteriosclerosis [67]. It is associated
with a decrease in the amount of glomerular filtration,
suggesting that RHUC could be related to renal failure
[17, 68].
A relationship has been found between RHUC and the
genes SLC22A12 (encoding URAT1) [3] and SLC2A9
(encoding GLUT9) [4–9]. URAT1 and GLUT9 are transporters acting in UA reuptake in the proximal tubule.
Currently, RHUC caused by a URAT1 genetic mutation
is called type 1, and this mutation accounts for 80–90%
of RHUC cases in Japanese individuals [63]. RHUC
caused by a GLUT9 genetic mutation is classified as type
2. A relatively recent report has identified GLUT9 as a
causative factor for RHUC. The frequency of type 2 is
low worldwide; particularly in Japan [6].
In type 1, the UA level is approximately 1.0 mg/dL,
and FEUA is 40–90%. In type 2, the UA level is < 1.0
mg/dL and close to 0, whereas FEUA is elevated to 100–
150%, suggesting that the effect of UA reuptake by
GLUT9 could be greater than that by URAT1 [5–7].
However, cases of RHUC not belonging to either type 1
or type 2 have also been reported [4, 20, 63, 69–71], and
our case was also a rare one, falling under this type. Our
patient had a UA level of < 1 mg/dL and FEUA of
around 50%, which was similar to type 1, but we did not
find a URAT1 mutation.
Limitations of the study are that a renal biopsy to confirm renal tubule necrosis as characteristics of ALPE and
head MRI to confirm PRES as complication of ALPE
were not performed on our patient.
There may still be new causative genes that code for
UA transporters. Identifying these genes is important,
because they will be useful in clarifying the mechanism
of UA transport. To elucidate the molecular mechanism
of familial RHUC without mutations in SLC22A12 encoding URAT1 or SLC2A9 encoding GLUT9 and to develop methods of prevention and treatment based on the
findings, it will be necessary to accumulate more cases
and perform genetic analysis in the future.
Abbreviations
ALPE: Acute renal failure with severe loin pain and patchy renal ischemia
after anaerobic exercise; CK: Creatine kinase; Cr: Creatinine; CRP: C-reactive
protein; CT: Computed tomography; CUA: Uric acid clearance;
FENA: Fractional excretion of sodium; FEUA: Fractional excretion of Uric acid;
GLUT9: Glucose transporter member 9; LDH: Lactate dehydrogenase;
MRI: Magnetic resonance imaging; PRES: Posterior reversible encephalopathy
syndrome; RHUC: Renal hypouricemia; TB: Total bilirubin; UA: Uric acid;
URAT1: Urate transporter 1
Acknowledgements
We thank Editage (www.editage.jp) for English language editing.
Authors’ contributions
YF, MK, AN, HT, and YS performed medical treatment of the patient. YF
conceived and designed the study. YF acquired data. YF, TM, and ES

Furuto et al. BMC Nephrology

(2019) 20:433

analyzed and interpreted the data. TM and ES performed genetic analysis. YF
drafted the manuscript. YF critically revised the manuscript for important
intellectual content. All authors have read and approved the final
manuscript.
Funding
The authors did not receive any funding for this study.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Written informed consent was obtained from the patient for the publication
of this case report.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Hypertension and Nephrology, NTT Medical Centre, Tokyo,
5-9-22, Higasi-Gotanda, Shinagawa-ku, Tokyo 141-8625, Japan. 2Department
of Nephrology, Tokyo Medical and Dental University, 1-5-45, Yushima,
Bunkyo-ku, Tokyo 113-8519, Japan.
Received: 7 April 2019 Accepted: 8 November 2019

References
1. Nakayama A, Matsuo H, Ohtahara A, Ogino K, Hakoda M, Hamada T, et al.
Clinical practice guideline for renal hypouricemia (1st edition). Hum Cell.
2019;32:83–7.
2. Greene ML, Marcus R, Aurbach GD, Kazam ES, Seegmiller JE. Hypouricemia
due to isolated renal tubular defect: Dalmation dog mutation in man. Am J
Med. 1972;53:361–7.
3. Enomoto A, Kimura H, Chairoungdua A, Shigeta Y, Jutabha P, Cha SH, et al.
Molecular identification of a renal urate anion exchanger that regulates
blood urate levels. Nature. 2002;417:447–52.
4. Bahat H, Dinour D, Ganon L, Feldman L, Holtzman EJ, Goldman M. Nonurate transporter 1-related renal hypouricemia and acute renal failure in an
Israeli-Arab family. Pediatr Nephrol. 2009;24:999–1003.
5. Dinour D, Gray NK, Campbell S, Gray NK, Campbell S, Shu X, et al.
Homozygous SLC2A9 mutations cause severe renal hypouricemia. J Am Soc
Nephrol. 2010;21:64–72.
6. Matsuo H, Chiba T, Nagamori S, Nakayama A, Domoto H, Phetdee K, et al.
Mutations in glucose transporter 9 gene SLC2A9 cause renal hypouricemia.
Am J Hum Genet. 2008;83:744–51.
7. Anzai N, Ichida K, Jutabha P, Kimura T, Babu E, Jin CJ, et al. Plasma urate
level is directly regulated by a voltage-driven urate efflux transporter
URATv1(SLC2A9) in humans. J Biol Chem. 2008;283:26834–8.
8. Li S, Sanna S, Maschio A, Busonero F, Usala G, Mulas A, et al. The GLUT9
gene is associated with serum uric acid levels in Sardina and Chianti
cohorts. PLoS Genet. 2007;3:e194.
9. Stiburkova B, Ichida K, Sebesta I. Novel homozygous insertion in SLC2A9
gene caused renal hypouricemia. Mol Genet Metab. 2011;102:430–5.
10. Ishikawa I. Exercise-induced acute renal failure with severe loin pain and
patchy renal ischemia after anaerobic exercise. Tokyo: Springer Japan; 2007.
p. 1–108.
11. Mori T, Hosomichi K, Chiga M, Mandai S, Nakaoka H, Sohara E, et al.
Comprehensive genetic testing approach for major inherited kidney
disease, using next-generation sequencing with a custom panel. Clin Exp
Nephrol. 2016;21:63–75.
12. Ohtsuka Y, Zaitsu M, Ichida K, Isomura N, Tsuji K, Sato T, et al. Human uric
acid transporter 1 gene analysis in familial renal hypo-uricemia associated
with exercise-induced acute renal failure. Pediatr Int. 2007;49:235–7.
13. Kaito H, Ishimori S, Nozu K, Shima Y, Nakanishi K, Yoshikawa N, et al.
Molecular background of urate transporter genes in patients with exerciseinduced acute kidney injury. Am J Nephrol. 2013;38:316–20.

Page 7 of 8

14. Wakasugi M, Kazama JJ, Narita I, Konta T, Fujimoto S, Iseki K, et al.
Association between hypouricemia and reduced kidney function: a crosssectional population-based study in Japan. Am J Nephrol. 2015;41:138–46.
15. Son CN, Kim JM, Kim SH, Cho SK, Choi CB, Sung YK, et al. Prevalence and
possible causes of hypouricemia at a tertiary care hospital. Korean J Intern
Med. 2016;31(5):971–6.
16. Kuwabara M, Niwa K, Ohtahara A, Hamada T, Miyazaki S, Mizuta E, et al.
Prevalence and complications of hypouricemia in a general population: a
large-scale cross-sectional study in Japan. PLoS One. 2017;12(4):e0176055.
17. Sperling O. Renal hypouricemia: classification, tubular defect and clinical
consequences. Contrib Nephrol. 1992;100:1–14.
18. Ishikawa I. Acute renal failure with severe loin pain and patchy renal
ischemia after anaerobic exercise in patients with or without renal
hypouricemia. Nephron. 2002;91:559–70.
19. Ishikawa I, Sakurai Y, Masuzaki S, Sugishita N, Shinoda A, Shikura N. Exerciseinduced acute renal failure in 3 patients with renal hypouricemia. Nippon
Jinzo Gakkai Shi. 1990;32:923–8.
20. Ichida K, Hosoyamada M, Kamatani N, Kamitsuji S, Hisatome I, Shibasaki T,
et al. Age and origin of the G774A mutation in SLC22A12 causing renal
hypouricemia in Japanese. Clin Genet. 2008;74:243–51.
21. Ishikawa I, Saito Y, Shinoda A, Onouchi Z. Evidence for patchy renal
vasoconstriction in man:observation by CT scan. Nephron. 1981;27:31–4.
22. Murakami T, Kawakami H, Fukuda M, Furukawa S. Patients with renal
hypouricemia are prone to develop acute renal failure-why? Clin Nephrol.
1995;43:207–8.
23. Kaneko K, Taniguchi N, Tanabe Y, Nakano T, Hasui M, Nozu K. Oxidative
imbalance in idiopathic renal hypouricemia. Pediatr Nephrol. 2009;24:869–71.
24. Ohta T, Sakano T, Igarashi T, Itami N, Ogawa T, ARF Associated with Renal
Hypouricemia Research Group. Exercise-induced acute renal failure
associated with renal hypouricaemia: results of a questionnaire-based survey
in Japan. Nephrol Dial Transplant. 2004;19:1447–53.
25. Yeun JY, Hasbargen JA. Renal hypouricemia: prevention of exercise-induced
acute renal failure and a review of the literature. Am J Kidney Dis. 1995;25:
937–46.
26. Erley CM, Hirschberg RR, Hoefer W, Schaefer K. Acute renal failure due to
uric acid nephropathy in a patient with renal hypouricemia. Klin
Wochenschr. 1989;67:308–12.
27. Jeannin G, Chiarelli N, Gaggiotti M, Ritelli M, Maiorca P, Quinzani S, et al.
Recurrent exercise-induced acute renal failure in a young Pakistani man
with severe renal hypouricemia and SLC2A9 compound heterozygosity.
BMC Med Genet. 2014;15:3.
28. Kim SH, Han MC, Han JS, Kim S, Lee JS. Exercise-induced acute renal failure
and patchy renal vasoconstriction: CT and MR findings. J Comput Assist
Tomogr. 1991;15:985–8.
29. Ohta K, Yokoyama T, Shimizu M, Mizuno K, Sakazume S, Fujiki T, et al.
Diffusion-weighted MRI of exercise-induced acute renal failure (ALPE).
Pediatr Nephrol. 2011;26:1321–4.
30. Oh KJ, Lee HH, Lee JS, Chung W, Lee JH, Kim SH, Lee JS. Reversible renal
vasoconstriction in a patient with acute renal failure after exercise. Clin
Nephrol. 2006;66:297–301.
31. Baranano DE, Rao M, Ferris CD, Snyder SH. Biliverdin reductase: a major
physiologic cytoprotectant. Proc Natl Acad Sci U S A. 2002;99:16093–8.
32. Itoh S, Okada H, Kuboi T, Kusaka T. Phototherapy for neonatal
hyperbilirubinemia. Pediatr Int. 2017;59:959–66.
33. Adin CA, Croker BP, Agarwal A. Protective effects of exogenous bilirubin on
ischemia-reperfusion injury in the isolated, perfused rat kidney. Am J Physiol
Renal Physiol. 2005;284:778–84.
34. Stec DE, Storm MV, Pruett BE, Gousset MU. Antihypertensive actions of
moderate hyperbilirubinemia: role of superoxide inhibition. Am J Hypertens.
2013;26:918–23.
35. Yamaguchi T, Terakado M, Horio F, Aoki K, Tanaka M, Nakajima H. Role of
bilirubin as an antioxidant in an ischemia-reperfusion of rat liver and
induction of heme oxygenase. Biochem Biophys Res Commun. 1996;223:
129–35.
36. Basiglio CL, Arriaga SM, Pelusa F, Almará AM, Kapitulnik J, Mottino AD.
Complement activation and disease: protective effects of
hyperbilirubinemia. Clin Sci. 2010;118:99–113.
37. Maines MD. Heme oxygenase: function, multiplicity, regulatory mechanisms,
and clinical application. FASEB J. 1988;2:2557–68.
38. Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN. Bilirubin is an
antioxidant of possible physiological importance. Science. 1987;235:1043–6.

Furuto et al. BMC Nephrology

(2019) 20:433

39. Sundararaghavan VL, Binepal S, Stec DE, Sindhwani P, Hinds TD Jr. Bililubin,
a new therapeutic for kidney transplant? Transplant Rev (Orlando). 2018;32:
232–40.
40. Boon AC, Bulmer AC, Coombes JS, Fassett RG. Circulating bilirubin and
defense against kidney disease and cardiovascular mortality: mechanisms
contributing to protection in clinical investigations. Am J Physiol Renal
Physiol. 2014;307:F123–36.
41. Oh SW, Lee ES, Kim S, Na KY, Chae DW, Kim S, et al. Bilirubin attenuates the
renal tubular injury by inhibition of oxidative stress and apoptosis. BMC
Nephrol. 2013;14:105.
42. LeBlanc RM, Navar LG, Botros FT. Bilirubin exerts renoprotective effects in
angiotensin II-hypertension. Am J Med Sci. 2010;340:144–6.
43. Lee JP, Kim DH, Yang SH, Hwang JH, An JN, Min SI, et al. Serum bilirubin
affects graft outcomes through UDP-glucuronosyltransferase sequence
variation in kidney transplantation. PLoS One. 2014;9:e93633.
44. Riphagen IJ, Deetman PE, Bakker SJ, Navis G, Cooper ME, Lewis JB, et al.
Bilirubin and progression of nephropathy in type 2 diabetes: a post hoc
analysis of RENAAL with independent replication in IDNT. Diabetes. 2014;63:
2845–53.
45. Chin HJ, Cho HJ, Lee TW, Na KY, Oh KH, Joo KW, et al. The mildly elevated
serum bilirubin level is negatively associated with the incidence of end
stage renal disease in patients with IgA nephropathy. J Korean Med Sci.
2009;24:S22–9.
46. Park S, Kim DH, Hwang JH, Kim Y-C, Kim JH, Lim CS, et al. Elevated bilirubin
levels are associated with a better renal prognosis and ameliorate kidney
fibrosis. PLoS One. 2017;12:e0172434.
47. Tanaka M, Fukui M, Okada H, Senmaru T, Asano M, Akabame S, et al. Low
serum bilirubin concentration is a predictor of chronic kidney disease.
Atherosclerosis. 2014;234:421–5.
48. Vera T, Stec DE. Moderate hyperbilirubinemia improves renal
hemodynamics in ANG II-dependent hypertension. Am J Physiol Regul
Integr Comp Physiol. 2010;299:1044–9.
49. Maines MD, Mayer RD, Ewing JF, McCoubrey WK Jr. Induction of kidney
Heme Oxygenase-1 (HSP-32) mRNA and protein by ischemia/ reperfusion:
possible role of heme as both promotor of tissue damage and regulator of
HSP32. J Pharmacol Exp Ther. 1993;264:457–62.
50. Raju VS, Maines MD. Renal ischemia/ reperfusion up/regulates heme
oxygenase-1 (HSP-32) expression and increases cGMP in rat heart. J
Pharmacol Exp Ther. 1996;277:1814–22.
51. Kluth DC, Hughes J. Hemeoxygenase-1 and renal ischaemia-reperfusion
injury. Nephron Exp Nephrol. 2010;115:e33–7.
52. Keyse SM, Tyrrell RM. Heme Oxygenase is the major 32-kDa stress protein
induced in human skin fibroblasts by UVA radiation, hydrogen peroxide,
and sodium arsenate. Proc Natl Acad Sci U S A. 1989;86:99–103.
53. Takahashi T, Morita K, Akagi R, Sassa S. Protective role of heme oxygenase-1
in renal ischemia. Antioxid Redox Signal. 2004;6:867–77.
54. Shimizu H, Takahashi T, Suzuki T, Yamasaki A, Fujiwara T, Odaka Y, et al.
Protective effect of heme oxygenase induction in ischemic acute renal
failure. Crit Care Med. 2000;28:809–17.
55. Toda N, Takahashi T, Mizobuchi S, Fujii H, Nakahira K, Takahashi S, et al. Tin
chloride pretreatment prevents renal injury in rats with ischemic acute renal
failure. Crit Care Med. 2002;30:1512–22.
56. Nezu M, Souma T, Yu L, Suzuki T, Saigusa D, Ito S, et al. Transcription factor
Nrf2 hyperactivation in early-phase renal ischemia-reperfusion injury
prevents tubular damage progression. Kidney Int. 2017;91:387–401.
57. Tamura Y, Kubo E, Shima T, Ueda S, Yano H, Arai S, Kato H, Fujimori S,
Uchda S, Hosoyamada M, Kaneko K, Ichida K. A case of renal hypouricemia
pointed out by acute renal failure with severe loin pain and patchy renal
ischemia after anaerobic exercise. Gout Nucleic Acid Metab. 2013;37:48–9.
58. Tian S, Li J, Li R, Liu Z, Dong W. Decreased serum bilirubin levels and
increased uric acid levels are associated with ulcerative colitis. Med Sci
Monit. 2018;24:6298–304.
59. Yamaguchi T, Shioji I, Sugimoto A, Komoda Y, Nakajima H. Chemical
structure of a new family of bile pigments from human urine. J Biochem.
1994;116:298–303.
60. Shima Y, Yokoyama T, Shimizu M, Mizuno K, Sakazume S, Fujiki T, et al.
Recurrent EIARF and PRES with severe renal hypouricemia by compound
heterozygous SLC2A9 mutation. Pediatrics. 2011;127:e1621–5.
61. Kimura T, Iio K, Imai E, Rakugi H, Isaka Y, Hayashi T. Exercise induced acute
kidney injury with reversible posterior leukoencephalopathy syndrome. Clin
Exp Nephrol. 2010;14:173–5.

Page 8 of 8

62. Bhasin B, Stiburkova B, De Castro-Pretelt M, Beck N, Bodurtha JN, Atta MG.
Hereditary renal hypouricemia: a new role for allopurinol? Am J Med. 2014;
127:e3–4.
63. Ichida K, Hosoyamada M, Hisatome I, Enomoto A, Hikita M, Endou H, et al.
Clinical and molecular analysis of patients with renal hypouricemia in
Japan-influence of URAT1 gene on urinary urate excretion. J Am Soc
Nephrol. 2004;15:164–73.
64. Hamajima N, Naito M, Hishida A, Okada R, Asai Y, Wakai K, et al. Serum uric
acid distribution according to SLC22A12 W258X genotype in a crosssectional study of a general Japanese population. BMC Med Genet. 2011;12:
33.
65. Dinour D, Bahn A, Ganon L, Ron R, Geifman-Holtzman O, Knecht A, et al.
URAT1 mutations cause renal hypouricemia type 1 in Iraqi Jews. Nephrol
Dial Transplant. 2011;26:2175–81.
66. Hisatome I, Tanaka Y, Kotake H, Kosaka H, Hirata N, Fujimoto Y, et al. Renal
hypouricemia due to enhanced tubular secretion of urate associated with
urolithiasis:successful treatment of urolithiasis by alkalization of urine K+,
Na+-citrate. Nephron. 1993;65:578–82.
67. Sugihara S, Hisatome I, Kuwabara M, Niwa K, Maharani N, Kato M, et al.
Depletion of uric acid due to SLC22A12 (URAT1) loss-of-function mutation
causes endothelial dysfunction in hypouricemia. Circ J. 2015;79:1125–32.
68. Tabara Y, Kohara K, Kawamoto R, Hiura Y, Nishimura K, Morisaki T, et al.
Association of four genetic loci with uric acid levels and reduced renal
function: the J-SHIPP Suita study. Am J Nephrol. 2010;32:279–86.
69. Wakida N, Tuyen DG, Adachi M, Tuyen DG, Adachi M, Miyoshi T, et al.
Mutations in human urate transporter 1 gene in presecretory reabsorption
defect type of familial renal hypouricemia. J Clin Endocrinol Metab. 2005;90:
2169–74.
70. Ouellet G, Lin SH, Nolin L, Bonnardeaux A. Hereditary renal hypouricemia in
a Caucasian patient: a case report and review of the literature. Nephrol Ther.
2009;5:568–71.
71. Tzovaras V, Chatzikyriakidou A, Bairaktari E, Liberopoulos EN, Georgiou I,
Elisaf M. Absence of SLC22A12 gene mutations in Greek Caucasian patients
with primary renal hypouricaemia. Scand J Clin Lab Invest. 2007;67:589–95.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

