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TO THE EDITOR

Hypouricemia is defined as serum uric acid 
(UA) <2.0 mg/dL. It is an uncommon 
condition with a prevalence ranging from 
0.19% to 0.58%.[1] The mechanisms of  
hypouricemia include decreased production 
of  UA and increased UA excretion via the 
kidneys. Hereditary renal hypouricemia 
(RHUC) is a rare autosomal hereditary 
disorder caused by recessive mutations 
in genes encoding UA transporters in the 
proximal renal tubule. Patients with RHUC 
are often asymptomatic, but some patients 
can develop exercise-induced acute renal 
failure (EIAKI). We present a young Chinese 
man who presented with EIAKI associated 
with RHUC and report a novel mutation.

A 28-year-old Chinese man was admitted 
to our hospital with muscular soreness, 
weakness, and decreased urine output for 2 
days, which were experienced after intense 
exercise. Four months before admission, he 
was diagnosed with hypertension, obesity, 
and proteinuria (0.47 g/d), and he had been 
on valsartan with well-controlled blood 
pressure and normal serum creatinine for 
the past 3 months. On physical examination, 
his body mass index was 28 kg/m2 and 

blood pressure was 150/90 mmHg without 
other abnormal signs. The laboratory tests 
showed serum creatinine at 2.0 mg/dL, 
serum UA at 0.35 mg/dL, and creatine 
kinase at 117 U/L. Urinalysis showed 
no hematuria, epithelial cells, or casts. 

Urine protein excretion was 0.26 g/d and 
urine protein electrophoresis suggested 
glomerular proteinuria. Diabetes mellitus, 
infection, systemic autoimmune diseases, 
malignancy, and postrenal obstruction 
were excluded by extensive studies. A 
family history investigation revealed that 
the patient’s parents had a consanguineous 
marriage. 

Hydration and alkalization with normal 
saline were initiated, and valsartan was 
discontinued. The patient’s kidney function 
completely recovered after 2 weeks, with a 
serum creatinine level of  1.1 mg/dL. Repeated 
laboratory tests before discharge showed a 
very low serum UA level (0.17 mg/dL).  
Renal hypouricemia was suspected and 
subsequent examinations revealed high 
(143.5%) renal fractional excretion of  
UA (FEUA) and impaired responses 
to benzbromarone and pyrazinamide 
inhibition tests. The patient’s parents and 
two siblings had normal blood pressure and 
normal serum creatinine measurements. 
The patient’s sister had a low UA level (1.8 
mg/dL) but no symptoms. The UA levels 
of  his parents and brother were normal.

Genomic DNA was isolated from the 
peripheral blood of  the patient. All of  
the exons and intron flanking regions of  
the SLC22A12 gene (NM_144585.2) and 
of  both SLC2A9 isoforms (GLUT9L, 
NM_020041; GLUT9S, NM_001001290) 
were analyzed via direct sequencing. 
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In SLC2A9, a novel homozygous nonsense mutation 
(NM_020041: c.944G > A [p. W315X]/NM_001001290: 
c.857G > A [p. W286X]) was identified (Figure 1), 
affecting both SLC2A9 isoforms. According to the ACMG 
classification criterion, the mutation was pathogenic. The 
genetic data of  his family members were not available.

Ten months after the first admission, he was rehospitalized 
because of  increased urine protein excretion (0.7–1.7 g/d) 
with no hematuria. His serum creatinine and blood pressure 

were normal, and his UA was still low (0.17 mg/dL). A 
renal biopsy was performed and light microscopy revealed 
glomerular hypertrophy. Globally, sclerotic glomeruli 
(9.7%) were observed with focal tubular atrophy and 
interstitial fibrosis (Figure 1). 

RHUC is clinically characterized by hypouricemia and 
high FEUA (>10%). According to the mutated genes, 
RHUC is classified into two types: (1) RHUC1 caused by 
mutations in the SLC22A12 gene and (2) RHUC2 caused 

Figure 1: Molecular characterization and renal histology of the patient. A. Homozygous nonsense mutation c.944G > A (NM_020041, GLUT9L)/c.857G > A 
(NM_001001290, GLUT9S), illustrated by black arrow, led to truncated protein p. W315X (NP_064425.2, GLUT9L)/p. W286X (NP_001001290.1, GLUT9S). B. 
Marked glomerular hypertrophy with a mean diameter of 240 µm. C. Global sclerosis (9.7%) with focal tubular atrophy and interstitial fibrosis (PASM, ×100).
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by mutations in the SLC2A9 gene. The SLC22A12 gene 
encodes UA transporter 1, which is specifically expressed 
on the apical membrane of  the proximal tubules. Dozens 
of  mutations in SLC22A12 have been described.[2] The 
human SLC2A9 gene encodes two isoforms of  facilitative 
glucose transporter 9 (GLUT9), GLUT9L (540 bp) 
and GLUT9S (512 bp), through the use of  alternative 
promoters (Figure 1A), which are expressed on the 
basolateral and apical membrane, respectively. Before 
this report, only a total of  18 mutations in SLC2A9 have 
been identified.[3,4] 

Patients with homozygous or compound heterozygous 
loss-of-function mutations in the SLC2A9 gene had 
more severe manifestations than those with heterozygous 
mutations, presenting with markedly low serum UA 
levels and notably high FEUA (>150% most times).[5] 

We identified a novel homozygous nonsense mutation p. 
W315X (GLUT9L)/p. W286X (GLUT9S) in the SLC2A9 
gene, thus confirming the diagnosis of  RHUC2. Our 
patient’s extremely low serum UA level and markedly high 
FEUA were consistent with previously reported cases. The 
mutation results in a truncated protein, and we assume that 
it leads to the loss of  function of  GLUT9. 

Patients with RHUC are often asymptomatic, but 
some patients can develop EIAKI and nephrolithiasis. 
Our patient experienced an AKI onset after exercise, 
which was considered as EIAKI associated with 
renal hypouricemia. The exact mechanism of  EIAKI 
associated with RHUC remains unclear. Two hypotheses 
have been previously proposed. The first hypothesis is 
acute UA nephropathy, which is caused by an elevation 
in UA production during severe exercise, thus leading 
to increased urinary UA excretion and renal UA 
precipitation.[6] However, in many patients with EIAKI, 
renal biopsies did not show tubular UA crystallization.[7] 
The second hypothesis is ischemic kidney injury due to 
renal vasoconstriction which is mediated by oxygen free 
radicals accumulation during exercise. UA is a powerful 
antioxidant in humans, and thus, it is speculated that 
exercise-induced oxygen free radicals accumulation and 
ischemic renal injury are potentiated by a shortage of  
UA in patients with RHUC. This hypothesis is supported 
by biopsy findings of  acute tubular necrosis in many 
patients with EIAKI.[7] However, EIAKI has rarely 
been described in patients with hypouricemia due to 
xanthinuria (hypouricemia due to decreased production 
of  UA), suggesting that the antioxidant activity of  UA 
may not be the main factor for EIAKI in patients with 
RHUC. The present case refused a renal biopsy during 
the EIAKI episode; therefore, we were unable to identify 
the pathological features during EIAKI. Obesity-related 
glomerulopathy was considered the main cause of  his 

isolated nonnephrotic proteinuria.

In summary, this report described a young man with 
EIAKI associated with RHUC, and we identified a novel 
homozygous nonsense mutation (p. W315X [GLUT9L]/p. 
W286X [GLUT9S]) in the SLC2A9 gene. Our report 
may provide new insights into the clinical and molecular 
findings of  RHUC and provide therapeutic targets for 
hyperuricemia and gout.
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