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1 | INTRODUCTION

Renal hypouricemia (RHUC) is a rare inherited disor-
der characterized by impaired urate reabsorption in the
proximal tubule resulting in low urate levels. RHUC is
caused by genetic abnormalities in URAT1 and GLUT?9,
the transporters responsible for uric acid reabsorption in
the proximal tubules.' Uric acid kidney stone or acute kid-
ney injury may develop, especially after exercise.” We have
recently encountered a patient with RHUC caused by a

Key Clinical Message

A T217M heterozygous mutation in the SLC22A12 gene caused renal hypourice-
mia; this patient with IgA nephropathy had no findings other than IgA nephropa-
thy on renal biopsy. Hypouricemia was susceptible to oxidative stress, but IgA
nephropathy in the patient with hypouricemia could be treated with steroid pulse
therapy without adverse events.

IgA nephropathy, renal hypouricemia, steroid pulse therapy, urate transporter

heterozygous mutation in T217M in the gene SLC22A12
encoding URAT1.

IgA nephropathy is the most common form of glomeru-
lonephritis worldwide and is prevalent in Japan and other
Asia-Pacific countries.’ The pathology is characterized by
granular deposition of mainly IgA and complement C3 in
the glomerular mesangium. To date, there have been few
reports of hypouricemia associated with IgA nephropathy.
Steroid treatment causing increased oxidative stress was
considered to have the potential to increase the incidence
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of adverse events in hypouricemic patients with reduced
tolerance to oxidative stress. We present here a rare case of
RHUC incidentally affected by IgA nephropathy, to show
characteristic clinical course and histological findings.

2 | CASE HISTORY/
EXAMINATION

A 48-year-old man presented for evaluation of hyperten-
sion. Examination revealed his systolic blood pressure
160mm Hg or above, and he was already prescribed anti-
hypertensive medication. At the same time, he was found
to have proteinuria of more than 2.0g/gCr. He was started
additionally on taking losartan for elevated blood pres-
sure and persistent proteinuria. As his blood pressure de-
creased, his urinary protein slightly improved, however,
his proteinuria remained positive, hence, he was referred
to a nephrologist at another hospital. Since the urinalysis
showed protein 2+ (1.05g/gCr) and urinary occult blood
2+, he was referred to our university hospital for renal
biopsy to determine an accurate diagnosis. Furthermore,
laboratory tests showed uric acid 1.0mg/dL and fractional
excretion of uric acid 48.7% (standard value 5.5%-11.1%),
indicating hypouricemia and increased uric acid excretion
in urine. According to the medical interview, he has been
disliking physical activities and avoiding strenuous exer-
cises since childhood. He had no episodes of acute renal
failure. On kidney US stones were found in the bladder.
Therefore, he was suspected of having RHUC.

3 | METHODS (DIFFERENTIAL
DIAGNOSIS, INVESTIGATIONS,
AND TREATMENT)

In addition to renal biopsy, he was scheduled for ge-
netic testing to identify an inherited disorder associated
with RHUC. In a clinical setting, he was diagnosed with
RHUC on admission because of persistent hypouricemia
and a markedly elevated uric acid excretion rate (Table 1).
Genetic testing revealed T217M heterozygous and R172L
heterozygous mutations. Since the R172L heterozygous
mutation has never been reported as a pathogenic muta-
tion, T217M heterozygous mutation in URAT1 could be
the cause of RHUC. In the meantime, his renal biopsy
showed IgA nephropathy with an Oxford classification
of MOS1EOTO (Figure 1A-F). Given these results, he was
diagnosed with RHUC associated with IgA nephropathy.
His renal biopsy revealed active glomerular changes, in-
cluding crescent formations. Because of persistent uri-
nary protein, tonsillectomy and steroid pulse therapy
were scheduled. He underwent tonsillectomy 4 months

after the renal biopsy. He was then started steroid pulse
therapy. Methylprednisolone 500mg was intravenously
administered for 3days, followed by oral administration
of 30mg of glucocorticoid for 4days, and the total three
courses were repeated. In this patient, steroid pulse ther-
apy might cause fatigue and worsen renal function due
to its strong adverse reactions. Therefore, we evaluated
changes in Chalder's fatigue scale score, changes in serum
creatinine concentration and changes in uric acid excre-
tion rate between before and after intravenous methyl-
prednisolone administration. The results demonstrated
that Chalder's fatigue scale scores did not change between
before and after steroid pulse therapy. In addition, serum
creatinine level did not worsen by steroid pulse therapy.
Only uric acid excretion rate showed an increasing ten-
dency after steroid pulse therapy (Table 2).

4 | CONCLUSION AND RESULTS
(OUTCOME AND FOLLOW-UP)

He was discharged on the 17th day of hospitalization
without any adverse events or renal dysfunction during
treatment. The glucocorticoid was tapered off in the out-
patient clinic. Currently, this patient is doing well with no
acute renal failure due to hypouricemia, no worsening of
renal function after remission, moreover, no recurrence of
urinary protein.

5 | DISCUSSION

Approximately 90% of uric acid filtered by the glomeru-
lus is reabsorbed in the renal tubules. Loss of function
of the transporters that reabsorb uric acid in the tubules
due to genetic abnormalities results in RHUC. Two ge-
netic abnormalities, URAT1 and GLUT9, are very well
known as causes of RHUC, and the disease is classified
into two forms based on these abnormalities. Its preva-
lence has been reported to be as low as 0.12%-0.72%">
Complications have been reported as postexercise acute
renal failure and kidney stones®’ Multiple genetic muta-
tions of URAT1/SLC22A12 have been reported, indicating
a high rate of W258X and R90H mutations among them.®
Indeed, in another of our patient, W258X mutation was
found (Table 3). In the present case, T217M mutation and
R172L mutation were identified. The T217M mutation
was previously reported as possible pathogenic variant but
only found with a compound heterozygous mutation of
W258X and T217M.® The R172L mutation has never been
reported to be pathogenic. Therefore, in our patient, RHUC
could be caused by a heterozygous mutation in T217M
alone. However, when the R172L mutation is confirmed
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(A) (8)

(F)

FIGURE 1 Kidney biopsy findings. (A) shows prominent mesangial IgA deposits for immunofluorescent stain of IgA. (B) shows
prominent mesangial C3 deposits for immunofluorescent stain of C3. (C) shows a fibrocelluar crescent in the upper half of glomerulus for
periodic acid-schiff stain. (D) shows a hyaline like changes in arterioles for periodic acid-methenamine silver stain. (E) shows the limited
fibrosis around sclerosing glomeruli in Masson Trichrome stain. (F) shows that electron dense deposits are present in the mesangial region

of electron micrographs.

TABLE 2 Changes of parameters before and after steroid pulse therapy.

Pre-1st pulse Post-1st pulse

FEUA (%) 55.8 58.6 48.5
Cr (mg/dL) 1.05 0.92 1.08
Chalder's fatigue 17 17 15

scale score

Abbreviations: Cr, creatinine; EUA, fractional excretion of uric acid.

as a pathogenic mutation in the future, it remains possible
that this case was a compound heterozygous mutation of
T217M and R172L (Table 3). The accumulation of further
cases will be required.

Few cases of IgA nephropathy complicated by RHUC
have been reported.’ It is known that RHUC is compli-
cated by acute renal failure after exercise. There have been
reports of findings consistent with acute tubular necro-
sis, such as thickening of the basement membrane of the
proximal tubules, fibrosis of the interstitium, and atrophy
of the brush border, as well as evidence of uricemia in the
tubular lumen.”*° On the other hand, in a case of RHUC
without acute renal failure, it was reported that the micro-
vasculature and glomeruli did not show any changes." In
the present case, the patient had no history of acute renal
failure, and based on previous reports, we hypothesized
that there would be little tissue changes in the microvascu-
lature other than glomerular changes due to IgA nephrop-
athy. Actually, renal biopsy demonstrated little changes by

Pre-2nd pulse

Post-2nd pulse  Pre-3rd pulse Post-3rd pulse

53.4 50.7 51.1
0.93 1.11 0.91
14 14 15

RHUC other than glomerular changes and fibrosis around
sclerotic glomeruli presumably due to IgA nephropathy,
such as mesangial cell proliferation and fibrous crescent.
The patient had always averted a higher intensity exer-
cise such as anaerobic exercises. Perhaps because of the
fatigue caused by exercise, he had not been engaged in
strenuous exercise that could have caused acute renal fail-
ure. This may reflect the tissue changes in our case. It has
been known that uric acid has a role of antioxidant sub-
stance as well as oxidative stress.'? In this point, it might
be expected that there would be histological changes in-
fluenced by oxidative stress in the renal tissues. As for
the microvessels, there were few abnormal lesions in the
microvessels, although arteriolar hyalinosis was observed
in only a small portion of the arterioles. In the present
case, we couldn't find the distinctive features of arterioles
due to hypouricemia in the kidney tissues. Several studies
have shown a J-shaped relationship between uric acid and
arisk of cardiovascular events. The risk increased in those
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TABLE 3 Clinical data and SLC22A12 mutations of the patients with Renalhypouricemia.

Gender

Z
e

History Complication

ARS, NS IgAN
CRF

CRF

O 0 N O AW =

HSPN

—
o

IgAN

— = e
W N =

ARF

—
~

—
N o

Proteinuria

= =
Nelee]

Urolithiasis

[\S]
S

Urolithiasis

N NN NN
A nn A W N =

ARF Urolithiasis

w N NN
S O ®©® 3

Urolithiasis

w
—

8 &
I g T g g g R R R R R RERTEER TR RRER

[98)
w

34

=

IgAN, urolithiasis

SLC22A12 Mutations (Amino Acid) UA (mg/dL)
W258X 0.7
W258X 0.6
W258X 0.7
W258X 0.8
W258X 0.5
W258X 1.0
W258X 1.8
W258X 2.0
W258X 0.5
W258X 0.7
W258X 0.5
W258X/T217M 0.9
W258X/Q297X 0.7
W258X/Frameshift 0.8
‘W258X/R90H 0.7
W258X/R90H 0.6
W258X/R90H 0.7
‘W258X/R90H 1.1
W258X/R90H 0.4
W258X/V138M 0.6
W258X/V138 0.5
W258X/G164S 0.8
W258X/Frameshift 0.6
W258X/Q382L 0.8
W258X 0.9
W258X 1.7
W258X 0.6
W258X 2.0
W258X 0.6
M430T 1.5
2.0
1.5
W258X 2.0
T217M 1.2

Abbreviations: ARF, acute renal failure; CRF, chronic renal failure; HSPN, Henoch-Schoenlein purpura; IgAN, IgA nephropathy; NS, nephrotic syndrome; UA,

uric acid.

studies even in the group with lower uric acid levels, with
a J-shaped curve."” Further studies for influences of hy-
pouricemia on intra-renal vasculature are needed.
Tonsillectomy alone or with steroid pulse therapy is
frequently performed in Japan because multiple studies
have reported improved kidney survival and remission of
proteinuria and hematuria.'*'* Hence, one of the highly
effective treatments for IgA nephropathy is tonsillectomy
plus steroid pulse therapy.'® Since the high doses of gluco-
corticoid are administered in a single dose in this steroid

pulse therapy, various adverse reactions such as elevated
blood pressure, elevated blood sugar and so on, can eas-
ily occur. We have previously reported that steroid pulse
therapy for IgA nephropathy causes increased oxidative
stress, which impairs vascular endothelial function.’
Since patients with RHUC are vulnerable to strong oxi-
dative stress, steroid pulse therapy in this patient might
have the potential to cause fatigue and worsen renal func-
tion due to severe adverse effects. To confirm the effect
of steroid pulse therapy on the patient, we evaluated the
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changes of fatigue level between before and after steroid
pulse therapy using the Chalder's fatigue scale,'® which
quantifies subjective fatigue, and found that, contrary to
our expectations, little changes were observed. Although
there are several possible causes of post-exercise acute
renal failure, including renal ischemia due to renal vaso-
spasm,19 soluble UA and monosodium UA crystals elicit
an immune response through activation of NLRP3, and
tubular Na-K-ATPase is reported to cause tubular mito-
chondrial damage due to ATP consumption, contributing
to the cause of exercise-induced acute kidney injury.*® In
the current case, the uric acid excretion rate showed an
increasing trend between before and after steroid pulse
therapy. On the other hand, no obvious increase in Cr was
observed. Thus, the increase in uric acid excretion due
to short-term steroid pulse therapy did not cause deteri-
oration of renal function. These results demonstrate that
steroid pulse therapy for IgA nephropathy complicated by
RHUC did not demonstrate any burdensome enough to
cause adverse events. The patient is currently on an out-
patient steroid tapering regimen and is doing well, with
no signs of renal dysfunction or recurrence of protein-
uria. However, the effects of long-term steroid use are un-
known, and since this is the only case with hypouricemia
who received steroid pulse therapy, further studies will be
warranted to determine the impacts of steroids on IgA ne-
phropathy patients with RHUC.
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