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Introduction

Adenine phosphoribosyl-transferase (APRT) is the key en-
zyme that transforms adenine into adenylate monophos-
phate (AMP). In case of APRT deficiency, xanthine ox-
idase rapidly oxidizes adenine into 2,8-dihydroxyadenine
(2,8-DHA), which is then eliminated by the kidneys through
tubular secretion. 2,8-DHA is insoluble at a physiologic
range of pH; therefore, it can easily precipitate in the urine.
Although subjects with APRT deficiency may have re-
peated kidney stones, some of these patients may remain
asymptomatic throughout life [1,2]. Nevertheless, a hand-
ful of reports propose that APRT deficiency can also lead
to 2,8-DHA crystal-induced acute or chronic renal failure
[3,4].

In this paper, we report a case of a middle-aged man
with APRT deficiency that led to 2,8-DHA crystal-induced
chronic active tubulointerstitial nephritis.

Case

A 59-year-old man was referred for the evaluation of pro-
gressive chronic kidney disease with a serum creatinine
level of 5.5 mg/dL (487 µmol/L). He was on aspirin,
furosemide and diltiazem for mild coronary artery dis-
ease and hypertension. He had a history of only one kid-
ney stone 10 years before, at which time the creatinine
level was normal. He denied any family history of kidney
stones and any physical complaints. His blood pressure was
140/75 mmHg and his physical examination was otherwise
unremarkable. His records showed that the creatinine levels
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had increased steadily over the past 3 years from 1.6 mg/dL
(141 µmol/L) to 3.3 mg/dL (290 µmol/L). At the time of
referral 3 months later, the creatinine level had further in-
creased to 5.5 mg/dL (487 µmol/L). Complete blood count
was normal except a haemoglobin level of 9.4 g/dL (94 g/L).
Serum electrolyte levels were within the normal range. A
renal ultrasound and CT-scan revealed kidneys of normal
size without any kidney stones. Urinalysis revealed a spe-
cific gravity of 1015 and a protein concentration of 0.3 g/L.
Microscopic examination revealed multiple spherical
brownish crystals that had a pseudo-Maltese cross appear-
ance under polarized light. These crystals raised suspicion
for the diagnosis of 2,8-DHA crystalluria (Figure 1). Renal
biopsy revealed that 76% of the glomeruli were obsoles-
cent while the remaining glomeruli were unremarkable. An
H&E stain on a frozen section of the kidney sample re-
vealed a moderate interstitial fibrosis and tubular atrophy
with severe inflammation composed principally of lympho-
cytes, eosinophils and macrophages that surrounded mul-
tiple intra-tubular birefringent crystals (Figure 2). Using
HPLC, the urine concentration of 2,8-DHA was shown to
be very high (111 µmoL/mmoL of creatinine) whereas it is
not detectable in healthy controls, providing further support
for the diagnosis of 2,8-DHA crystal-induced interstitial
nephritis.

Meanwhile, the creatinine concentration peaked to as
high as 7.5 mg/dL (665 µmol/L). The patient was treated
with allopurinol 300 mg/day and put on a low-purine diet
and a high-fluid regimen. The serum creatinine level de-
creased gradually over the next 2 months to reach a nadir of
2.5 mg/dL (225 µmol/L). However, due to side effects, the
allopurinol dose had to be reduced to 100 mg/day. During
the following 2 years, the serum creatinine levels remained
stable at 2.2 mg/dL (200 µmol/L) and a urine examination
remained free of 2,8-DHA crystals.

Discussion

In the present case report of 2,8-DHA crystal-induced renal
failure, the patient had but one episode of kidney stone, at
which point his creatinine level was normal. In this partic-
ular case, the lack of familiarity with APRT deficiency and
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Fig. 1. Urine microscopy. Urinary sediment showing spherical brownish
crystals (top panel) that have a birefringent and pseudo-Maltese cross
appearance under polarized light (lower panel). Original magnification
×400.

the tardy recognition of these unusual but pathognomonic
crystals were, at least partly, responsible for the progres-
sion of renal failure and delayed diagnosis. Even in Iceland,
where the prevalence is the highest and there is a greater
awareness of the disease by the medical community, it is
still not uncommon to encounter delayed diagnosis of this
condition [1]. Fortunately, timely administration of high
fluid intake, a low-purine diet and use of allopurinol led to
a significant improvement of renal function of our patient
over the following months.

APRT deficiency is classified as a rare inherited stone-
forming disease that is transmitted in an autosomal reces-
sive fashion. Type I APRT deficiency is seen in Caucasians
and is characterized by a complete deficiency of APRT
activity, whereas Type II APRT deficiency is primarily
seen in the Japanese population and is characterized by
a reduction of APRT activity in lysed erythrocytes, rang-
ing from 10 to 25% of normal [1,5]. While the het-
erozygotic forms of the APRT deficiency do not gener-
ally lead to symptoms, the homozygote patients invariably
present 2,8-dihydroxyadeninuria and often experience mul-

Fig. 2. Renal biopsy. Haematoxylin and eosin staining of a frozen section
reveals interstitial inflammation surrounding multiple intra-tubular round
brownish crystals that are birefringent under polarized light. Original mag-
nification ×600.

tiple episodes of kidney stones. Nevertheless, up to 15%
of the patients may remain asymptomatic throughout life.
Even though the enzyme deficiency is present at birth, the
symptoms related to APRT deficiency may occur from early
childhood to the seventh decade of life.

Stone analysis using biochemical methods, including
colorimetric reaction and thermogravimetric analysis, can
misidentify the 2,8-DHA stones as uric acid nephrolithia-
sis. Although differentiation of the two disorders can eas-
ily be made with infrared and UV spectrophotometry or
x-ray crystallography of crystals or stones, recognition of
the characteristic 2,8-DHA crystals on urinalysis is invalu-
able for the proper diagnosis.

More recently, there have been reports of acute renal fail-
ure associated with APRT deficiency and 2,8-DHA crys-
talluria [3,6]. In addition, there have also been reports of
progressive renal failure in patients with previous history of
repeated kidney stones [1]. However, the absence of previ-
ous multiple kidney stones does not preclude the diagnosis
of 2,8-DHA-induced renal failure. Indeed, in our patient
there was but one episode of previous kidney stone. This is
in keeping with a reported case of 2,8-DHA-induced graft



2,8-Dihydroxyadeninuria-induced progressive renal failure 439

failure in a renal transplant recipient without any prior re-
peated history of kidney stones [4,7]. In these patients, it has
been proposed that significant intra-tubular precipitation of
2,8-DHA crystals may lead to chronic tubulointerstitial in-
jury and hence, progressive renal failure [8].

APRT deficiency is a rare disorder and only few cases of
renal failure have been reported in the literature. Because of
the lack of familiarity with this condition, it is possible that
2,8-DHA crystal-induced renal failure may be an under-
diagnosed aetiology of chronic kidney disease [9]. In this
regard, we believe that the nephrology community should
become familiar with this condition and consider such diag-
nosis in unusual cases of renal failure, as it is easily treatable
if diagnosed in a timely manner. Since the urinary 2,8-DHA
crystals are usually abundant in untreated patients with 2,8-
dihydroxyadeninuria, a urine microscopy as performed by a
skilful observer is the single most important diagnostic pro-
cedure [5]. The presence of 2,8-DHA in urinary sediment
can be confirmed by infrared and UV spectrophotometry.
The diagnosis may also be confirmed by determination of
purine derivative profile showing increased amounts of ade-
nine in both serum and plasma (HPLC) or by measurement
of the level of enzymatic activity.

Teaching points

1. 2,8-Dihydroxyadeninuria is a rare inherited stone-
forming disease caused by APRT deficiency.

2. APRT deficiency could lead to acute renal failure or pro-
gressive kidney disease in adulthood without previous
significant history of kidney stones.

3. Recognition of 2,8-DHA crystals in the urine is of ut-
most importance in diagnosis and treatment of 2,8-DHA
crystal-induced renal injury.

4. A simple treatment based on allopurinol administration,
high fluid intake and a low-purine diet can reverse or
halt renal damage and avoid premature dialysis.
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