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Abstract

Adenine phosphoribosyltransferase (APRT) deficiency is a rare autosomal recessive enzyme 

defect of purine metabolism that usually manifests as 2,8-dihydroxyadenine (2,8-DHA) 

nephrolithiasis and more rarely chronic kidney disease. The disease is most often misdiagnosed 

and can recur in the renal allograft. We analyzed 9 patients with recurrent 2,8-DHA crystalline 

nephropathy, in all of whom the diagnosis had been missed prior to renal transplantation. The 

diagnosis was established for a median of 5 (range, 1.5–312) weeks following the transplant 

procedure. Patients had delayed graft function (n=2), acute-on-chronic (n=5) or acute (n=1) 

allograft dysfunction, whereas one patient had normal graft function at the time of diagnosis. 

Analysis of allograft biopsies showed birefringent 2,8-DHA crystals in renal tubular lumens, 
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within tubular epithelial cells and interstitium. Fourier transformed infrared microscopy confirmed 

the diagnosis in all cases, which was further supported by 2,8-DHA crystalluria, undetectable 

erythrocyte APRT enzyme activity, and genetic testing. With allopurinol therapy, the allograft 

function improved (n=7), remained stable (n=1), or worsened (n=1). At last follow-up, 2 patients 

had experienced allograft loss and 5 had persistent chronic allograft dysfunction. 2,8-DHA 

nephropathy is a rare but underdiagnosed and preventable disorder that can recur in the renal 

allograft and may lead to allograft loss.

INTRODUCTION

Adenine phosphoribosyltransferase (APRT) deficiency is a rare autosomal recessive 

inherited disorder of purine metabolism. In the absence of APRT, adenine is oxidized by 

xanthine dehydrogenase to 2,8-dihydroxyadenine (2,8-DHA), which is excreted in the urine 

(Figure 1). Because 2,8-DHA is poorly soluble at any physiological pH, 2,8-DHA crystals 

form in the urine, resulting in recurrent 2,8-DHA nephrolithiasis, and less commonly, 

crystalline nephropathy (1–4). APRT deficiency is frequently misdiagnosed, owing to the 

absence of specific manifestations and lack of awareness of the disease among physicians. 

When untreated, the disease can result in chronic kidney disease (CKD) that can progress to 

end-stage renal disease (ESRD), and may recur after renal transplantation. To date, only a 

few cases of recurrent 2,8-DHA nephropathy have been reported (5–13). In the present 

retrospective study, we analyzed the presenting clinical features and outcome of 9 patients 

who displayed 2,8-DHA nephropathy following renal transplantation.

METHODS

Study population

Nine patients from 7 different institutions and with documented recurrent 2,8-DHA allograft 

crystalline nephropathy were identified through search of the Necker Hospital database 

(Paris, France), which is a referral center for nephrolithiasis and purine metabolic disorders, 

including 2 previously reported patients (14,15). Patient care and conduct of the study 

complied with good clinical practice and the Declaration of Helsinki and Istanbul guidelines.

Baseline characteristics of patients

Clinical and laboratory data at the time of diagnosis and during follow-up were obtained 

from the medical records. Glomerular filtration rate was estimated according to the four-

variable Modification of Diet in Renal Disease formula (16).

Laboratory methods and genetic testing

Kidney biopsy specimens were processed according to standard techniques, stained with 

hematoxylin and eosin and Masson’s trichrome, and analyzed by light and polarized light 

microscopy. Crystals in the renal tissue were further characterized using Fourier transformed 

infrared microscopy, as described previously (17). The diagnosis of 2,8-DHA crystalline 

nephropathy was established in all patients by the detection of 2,8-DHA crystals in the renal 

allograft and/or urine. APRT enzyme activity assay and/or genetic testing were performed to 

confirm APRT deficiency in most patients. Crystalluria assessment was performed as 
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previously reported (18,19). APRT enzyme activity was measured in erythrocyte lysates 

using radiolabeled 14C-adenine in a chromatographic assay (3). Mutation analysis was 

performed using PCR amplification and sequencing of the APRT gene after obtaining 

written informed consent from the patients (3).

Statistical analysis

Descriptive analyses are provided as median values and range for continuous variables, and 

percentages for categorical variables.

RESULTS

Nine patients with recurrent 2,8-DHA crystalline nephropathy were identified, including 4 

women and 5 men, all of whom were of European ancestry. Patients’ clinical and laboratory 

characteristics are detailed in Table 1. Median age at the onset of ESRD was 43 (range, 25–

65) years, and 49 (range, 28–67) years at the diagnosis of APRT deficiency. All 9 patients 

had a past history of CKD, which had been attributed to obstructive uropathy and 

nephrolithiasis-related chronic tubulointerstitial nephritis in 3 (33%) cases, to hypertensive 

nephrosclerosis in one (11%), and to CKD of unknown cause in 5 (56%) patients. None had 

been diagnosed with APRT deficiency before the recurrence in the renal allograft. The 

diagnosis was made following the second renal transplant in 2 patients. One had lost the first 

allograft because of an acute torsion of the graft vein, shortly after the transplant surgery. 

The other one had allograft loss because of disease recurrence which had been initially 

missed. Five (55.6%) patients had a past history of nephrolithiasis, with the first episode 

occurring before the age of 20 years in 4 cases. However, none had analysis of kidney stone. 

The median delay between the first stone event and diagnosis of APRT deficiency was 30 

(range, 11–52) years.

Age at kidney transplantation was 46 (range, 28–67) years. All patients, except one, received 

a deceased donor kidney. After induction therapy, maintenance immunosuppression 

included prednisone, a calcineurin inhibitor, and mycophenolate mofetil, or azathioprine in 

one case. APRT deficiency was diagnosed with a median delay of 5 (range, 1.5–312) weeks 

posttransplant. The median serum creatinine and estimated glomerular filtration rate (eGFR) 

at diagnosis were 366 μmol/L (range, 109–676) and 14 mL/min per 1.73 m2 (range, 8–45), 

respectively. Two patients experienced delayed graft function and underwent early allograft 

biopsy. One patient with normal graft function had urine microscopy shortly after the 

transplantation because of a past history of nephrolithiasis. Crystalluria showed 2,8-DHA 

crystals. Renal allograft biopsy then confirmed the recurrence of 2,8 DHA nephropathy. 

Four patients had a long diagnostic delay, ranging from 72 to 312 weeks after 

transplantation. Two had experienced delayed graft function, but no early biopsy had been 

performed because of spontaneous and partial improvement of allograft function. All 4 

patients then developed chronic allograft dysfunction. They were initially diagnosed with 

oxalate, urate or undetermined crystalline nephropathy. The diagnosis of 2,8-DHA 

nephropathy was later established in the context of acute deterioration of allograft function.

Examination of the renal allograft biopsy specimens revealed tubulointerstitial injury with 

no obvious glomerular lesions and only mild vascular lesions. No patient had evidence of 
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acute or chronic allograft rejection, nor of drug toxicity. The diagnosis of oxalate 

nephropathy was initially suggested in 4 patients (44.4%), whereas that of 2,8-DHA 

crystalline nephropathy was suspected in only one patient. Examination by light microscopy 

revealed varying degrees of interstitial fibrosis, tubular atrophy, and acute tubular necrosis. 

Interstitial inflammatory infiltrate was a common feature (Figure 2 A). The appearance of 

the crystal deposits for each patient is detailed in Table 2. Yellow-brownish crystals were 

predominantly located within the tubular lumens and in the cytoplasm of tubular epithelial 

cells (Figure 2 B–D). Intraluminal crystals formed spherical aggregates of different sizes, 

plugging tubular lumens (Figure 2 B and D). A foreign-body type reaction surrounding the 

crystal aggregates was observed in the biopsies from 3 patients (Figure 2 B). Polarized light 

microscopy showed the crystals to be strongly birefringent, demonstrating a radial 

orientation with a variable appearance, including needle-, ring- and spherically-shaped 

aggregates (Figure 3 A–D). The so-called Maltese cross pattern was observed within the 

tubular lumens in only 2 cases (Figure 3 A, inset). All renal allograft biopsy specimens were 

analyzed by Fourier transformed infrared spectroscopy, which confirmed the presence of 

2,8-DHA crystals. Native kidney or previous allograft biopsies were available for 6 patients, 

and showed similar findings, particularly crystal deposits.

The diagnosis of APRT deficiency was further supported by the detection of 2,8-DHA 

crystals in urine samples from 4 patients. Crystalluria revealed round and reddish-brown 

crystals when examined by light microscopy, with a characteristic central Maltese cross 

pattern observed by polarized light. Erythrocyte APRT activity was undetectable in 7 tested 

patients. Genetic analysis was carried out in 6 patients (Table 3) and revealed homozygous 

or compound heterozygous APRT mutations in most cases. A single allelic mutation was 

identified in 3 patients despite sequencing of the entire coding region and the intron-exon 

junctions of the APRT gene.

All patients received allopurinol as first-line therapy with an initial dose ranging from 100 to 

300 mg/day. The allopurinol dose was increased in 4 patients, and up to 400 mg/day in one 

case, in order to achieve the complete disappearance of 2,8-DHA crystals from the urine. 

One patient received febuxostat (80 mg/day), a non-purine selective inhibitor of xanthine 

dehydrogenase, as a maintenance therapy. Patients were also advised to increase water 

intake and to avoid purine-rich diet. The treatment and outcome are outlined in Table 4 and 

Figure 4.

The median duration of follow-up was 24 (range, 6–132) months. Renal function remained 

normal and stable in one patient, worsened in one, and initially improved in 7. The 3 patients 

who were hemodialyzed at diagnosis recovered enough allograft function to discontinue 

dialysis. However, one of them finally returned to dialysis despite allopurinol therapy as the 

consequence of disease recurrence. Another patient also progressed towards ESRD because 

of disease recurrence. The remaining patients had normal graft function (n=2) or persistent 

chronic allograft dysfunction (n=5) with a median serum creatinine and eGFR of 168 (range, 

105–220) μmol/L and 31 (range, 26–61) mL/min per 1.73m2, respectively.
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DISCUSSION

We analyzed herein 9 patients with recurrent 2,8-DHA crystalline nephropathy, in all of 

whom the diagnosis had been missed prior to renal transplantation. Only a few similar cases 

have been reported worldwide (Tables 5 and 6) (5–15,20–22). The present study thus 

provides a valuable characterization of this rare disease in the context of renal 

transplantation, underscoring the need for a greater awareness of APRT deficiency among 

physicians.

The prevalence of APRT deficiency is estimated to be of 1/27,000 in the Japanese 

population and between 1/50,000 to 1/100,000 in white persons (23). The age at diagnosis 

varies greatly (1–15,20–22). Rarely, the disease can be diagnosed during childhood in 

patients with nephrolithiasis and obstructive uropathy (9,20). Most often, it remains 

unrecognized for years. Patients usually experience nephrolithiasis and almost one-third 

have slowly progressive CKD (5–9,11). Nearly 10% finally progress towards ESRD before 

the diagnosis (1–3,5–13,24). In case of renal transplantation, and in the absence of 

prophylactic treatment, 2,8-DHA crystalline nephropathy can recur in the renal allograft, 

leading to allograft loss in more than 25% of cases. Recurrence of nephrolithiasis has also 

been reported but is less common than in patients with native kidneys (5,24). 2,8-DHA 

crystals can be detected in the urine within the first few days after renal transplantation, 

leading to delayed graft function and primary graft non-function. 2,8-DHA nephropathy may 

also recur later and despite prophylactic treatment, responsible for chronic, acute-on-

chronic, or acute allograft dysfunction. The diagnosis can be delayed because alternative 

diagnoses are most often considered, including rejection, drug nephrotoxicity, and acute 

tubular necrosis. Moreover, recurrence of the primary renal disease can also be accompanied 

by acute cellular or humoral rejection (5,6,9,11). The histopathological analysis thus 

represents a major challenge. At first evaluation, 2,8-DHA crystals may be missed. They can 

be easily confused with calcium oxalate because of their high birefringence under polarized 

light (15,25). A careful analysis shows 2,8-DHA crystal deposits to be of various shape and 

size, located in the tubular lumens, inside the renal tubular epithelial cells and in the 

interstitium. Various degrees of interstitial fibrosis, tubular atrophy, and interstitial 

inflammatory infiltrates may be observed. Several characteristic features are suggestive, 

including the yellow-brownish color, the presence of irregular crystal aggregates plugging 

tubular lumens, and ring-like formations of radially-oriented crystals (2,3,5–15,20–22,25). 

The Maltese cross pattern, generated by thinner and light permeable 2,8-DHA crystals, is 

exceptionally detected within the tubular lumens. The review of previous native or graft 

biopsies can also confirm the diagnosis. 2,8-DHA crystals, which had been initially missed, 

are most often obvious. The amount, distribution and shape of crystals may vary greatly 

from one patient to another and even in the same biopsy. The magnitude of urinary 2,8-DHA 

excretion, fluid intake, treatment dosage and factors promoting and inhibiting crystallization 

likely account for such variability (10). Alterations in the composition of the cell surface 

may also be necessary for crystal binding to the renal epithelial cells (26). Ischemia-

reperfusion lesions and acute tubular necrosis, nephron mass reduction, infections and 

rejection may thus promote disease recurrence (5,9,10,23).
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Because other causes of crystalline nephropathy tend to be harmful for the graft function 

(25), crystals in the renal allograft should never be dismissed. A panel of diagnostic tools is 

available, including microscopic techniques, enzyme assay and genetic testing (Table 7). In 

our experience, Fourier transformed infrared microscopy is a very sensitive and specific 

technique that should be performed whenever possible to determine the nature of crystal 

deposits in the kidney parenchyma (17,27). Analysis of kidney stones should also be 

performed in case of recurrence (18,19). Urine microscopy of a first-void morning specimen 

is also a very sensitive and reliable diagnostic tool (18,19). Nevertheless, crystals may be 

missed during routine microscopic examination (10), and crystalluria may be inconspicuous 

in oligo-anuric patients. Enzyme assay measuring APRT activity in erythrocyte lysates may 

thus be helpful. Undetectable enzyme activity confirms the diagnosis (1–3,23). Importantly, 

once the diagnosis has been established, the siblings should be screened using crystalluria 

and APRT enzyme assay. Genetic testing can be considered, particularly if enzyme assay is 

not available. Various germline mutations have been reported with no correlation between 

genotype and phenotype (3,28–32). Moreover, 10% of mutations remain undetermined 

despite sequencing of the entire coding region and intron-exon junctions of the APRT gene 

(3), as in 3 of our patients.

The management of APRT deficiency is based on allopurinol (23), or the alternative agent 

febuxostat (33), in order to effectively reduce the generation of 2,8-DHA. High fluid intake 

and avoidance of purine-rich diet can also be advised, whereas urine alkalinization is not 

beneficial (23). The initial dose of allopurinol usually ranges from 100 to 300 mg/day in 

adults. Higher doses, in the range of 300 to 600 mg/day, are generally required to achieve 

complete inhibition of 2,8-DHA formation (10,13). Crystalluria can be used for monitoring 

treatment efficiency. The likelihood of complete regression of crystal deposition and 

recovery of allograft function depends on the extent of kidney damage at treatment 

initiation. In our series and previous reports, almost one third of patients had allograft loss at 

last follow-up, and most of the remaining patients had chronic allograft dysfunction 

(13,14,16,19,21,23). Nevertheless, if allopurinol is initiated early enough, graft function may 

remain stable or improve (7,11).

2,8-DHA crystalline nephropathy is a rare and underrecognized cause of CKD that can recur 

in the renal allograft. The presence of crystals in the renal parenchyma and urine sediment 

should not be overlooked. A high index of suspicion for disease recurrence should be 

maintained, regardless of the course and delay of allograft dysfunction and immunological 

risk. This is particularly important when the underlying cause of the CKD is unknown. 

Accurate diagnosis and prompt pharmacologic inhibition of xanthine dehydrogenase may 

allow the stabilization or even improvement of graft function, reducing the risk of allograft 

loss.
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Figure 1. Metabolic pathways for the disposal of adenine in humans
Adenine phosphoribosyltransferase (APRT) deficiency causes 2,8-dihydroxyadenine (2,8-

DHA) accumulation, leading to nephrolithiasis and crystalline nephropathy. In the absence 

of APRT activity, adenine cannot be converted to adenosine. Adenine is metabolized 

through an alternative pathway where it is oxidized by xanthine dehydrogenase (XDH) to 

2,8-DHA via the generation of an intermediate compound, 8-hydroxyadenine. Because 2,8-

DHA is insoluble at any physiological urine pH, it forms 2,8-DHA crystals eventually 

leading to 2,8-DHA nephrolithiasis and/or crystalline nephropathy.

ADA, adenosine deaminase; AMP, adenosine monophosphate; HGPRT, hypoxanthine-

guanine phosphoribosyltransferase; IMP, inosine monophosphate; PNP, purine nucleoside 

phosphorylase; PRPP, 5-phosphoribosyl-1-pyrophosphate.
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Figure 2. Renal allograft biopsy findings viewed by conventional light microscopy
Low magnification view showing focal deposition of crystals in the allograft parenchyma 

together with diffuse inflammatory interstitial infiltrates and varying degrees of interstitial 

fibrosis and tubular atrophy (A). Deposits of 2,8-DHA crystals within tubular lumens 

forming spherical aggregates, causing tubular obstruction with foreign-body type reaction 

(B). Small needle-shaped and irregular crystals located within the tubular epithelial cells 

(C). Small spherical to large crystal aggregates in the tubular lumen and within tubular 

epithelial cells (D).
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Figure 3. Renal allograft biopsy findings viewed by polarized light microscopy
The crystals are highly birefringent and of variable size and appearance. Crystals 

precipitates within the tubular lumens (A), forming spherical and irregular aggregates. Very 

small needle-shaped crystal deposits located within the tubular epithelial cells (A, arrows). 

Crystals exhibiting a typical birefringent Maltese cross pattern are rarely observed within the 

tubular lumens (A, inset). Spherical (B) and ring-like (C) crystal aggregates composed of 

radially-oriented crystals. Lower magnification showing small birefringent crystals in only 

some foci of the graft parenchyma, and very small crystals diffusely interspersed within the 

renal interstitium yielding a stardust-like appearance (D).
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Figure 4. Evolution of graft function from diagnosis to last follow-up
Each dot (○) represents the value of a measured serum creatinine. ◆ indicates the need for 

hemodialysis.

Zaidan et al. Page 13

Am J Transplant. Author manuscript; available in PMC 2015 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 14

T
ab

le
 1

C
lin

ic
al

 a
nd

 la
bo

ra
to

ry
 c

ha
ra

ct
er

is
tic

s 
at

 d
ia

gn
os

is
.

P
t

D
em

og
ra

ph
ic

 d
at

a
O

rd
er

 
of

 R
en

al
 

T
x

H
is

to
ry

 o
f 

ne
ph

ro
lit

hi
as

is
*

Su
sp

ec
te

d 
ca

us
e 

of
 C

K
D

D
el

ay
 o

f 
di

ag
no

si
s 

af
te

r 
T

x 
(w

ee
ks

)

R
en

al
 m

an
if

es
ta

ti
on

s

A
ge

G
en

de
r

O
ri

gi
n

H
T

N
P

u/
H

u/
L

u
sC

r 
at

 d
ia

gn
os

is
 

(μ
m

ol
/L

)
G

ra
ft

 d
ys

fu
nc

ti
on

1
28

F
Fr

an
ce

1st
+

 (
11

)
C

T
IN

/n
ep

hr
ol

ith
ia

si
s,

 s
ol

ita
ry

 k
id

ne
y

5
+

−
 / 

−
 / 

N
A

15
0

A
G

D

2
41

M
Fr

an
ce

1st
−

U
nd

et
er

m
in

ed
14

4
+

+
 / 

+
 / 

−
24

8
A

/C
G

D

3
48

M
It

al
y

2nd
+

 (
30

)
U

nd
et

er
m

in
ed

72
−

−
 / 

+
 / 

−
28

3
A

/C
G

D

4
48

M
Fr

an
ce

2nd
−

O
xa

la
te

 n
ep

hr
op

at
hy

1.
5

+
+

 / 
+

 / 
+

67
6/

H
em

od
ia

ly
si

s
D

G
F

5
51

M
C

an
ad

a
1st

+
 (

43
)

U
nd

et
er

m
in

ed
31

2
−

−
 / 

−
 / 

N
A

36
6

A
/C

G
D

6
49

F
It

al
y

1st
−

U
nd

et
er

m
in

ed
15

6
−

−
 / 

+
 / 

−
43

0
A

/C
G

D

7
58

F
Fr

an
ce

1st
+

 (
13

)
C

T
IN

/n
ep

hr
ol

ith
ia

si
s

1.
5

+
−

 / 
+

 / 
−

10
9

-

8
64

M
Fr

an
ce

1st
−

U
nd

et
er

m
in

ed
4

+
+

 / 
−

 / 
−

60
0/

H
em

od
ia

ly
si

s
D

G
F

9
67

F
It

al
y

1st
+

 (
52

)
H

yp
er

te
ns

iv
e 

ne
ph

ro
sc

le
ro

si
s

3
+

−
 / 

−
 / 

N
A

44
2/

H
em

od
ia

ly
si

s
A

/C
G

D

Pt
, p

at
ie

nt
; F

, f
em

al
e;

 M
, m

al
e;

 T
x,

 tr
an

sp
la

nt
; C

K
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 C
T

IN
, c

hr
on

ic
 tu

bu
lo

in
te

rs
tit

ia
l n

ep
hr

op
at

hy
; H

T
N

, h
yp

er
te

ns
io

n;
 P

u/
H

u/
L

u,
 p

ro
te

in
ur

ia
, h

em
at

ur
ia

, l
eu

ko
cy

tu
ri

a;
 s

C
r,

 s
er

um
 

cr
ea

tin
in

e;
 N

A
, n

ot
 a

va
ila

bl
e;

 A
G

D
, a

cu
te

 g
ra

ft
 d

ys
fu

nc
tio

n;
 A

/C
G

D
, a

cu
te

-o
n-

ch
ro

ni
c 

gr
af

t d
ys

fu
nc

tio
n;

 D
G

F,
 d

el
ay

ed
 g

ra
ft

 f
un

ct
io

n.

* D
el

ay
 b

et
w

ee
n 

th
e 

fi
rs

t k
id

ne
y 

st
on

e 
ep

is
od

e 
an

d 
di

ag
no

si
s 

(y
ea

rs
).

 C
on

ve
rs

io
n 

fa
ct

or
 f

ro
m

 μ
m

ol
/L

 to
 m

g/
dL

 =
 0

.0
11

3.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 15

T
ab

le
 2

B
io

ps
y 

fi
nd

in
gs

 a
nd

 d
ia

gn
os

tic
 m

et
ho

ds
.

P
t

C
ry

st
al

s 
on

pr
ev

io
us

bi
op

sy

D
ia

gn
os

is
 in

it
ia

lly
 e

vo
ke

d 
on

th
e 

cu
rr

en
t 

bi
op

sy
T

ub
ul

oi
nt

er
st

it
ia

l l
es

io
ns

D
is

tr
ib

ut
io

n 
of

 c
ry

st
al

 d
ep

os
it

s
F

or
ei

gn
bo

dy
re

ac
ti

on

C
ry

st
al

 a
pp

ea
ra

nc
e 

by
re

gu
la

r 
lig

ht
 m

ic
ro

sc
op

y
C

ry
st

al
 a

pp
ea

ra
nc

e 
by

po
la

ri
ze

d 
lig

ht
 m

ic
ro

sc
op

y
D

ia
gn

os
ti

c 
m

et
ho

ds

A
T

N
IF

/T
A

In
te

rs
ti

ti
al

in
fi

lt
ra

te
s

T
ub

ul
ar

lu
m

en
s

T
ub

ul
ar

ce
lls

In
te

rs
ti

ti
um

Ir
re

gu
la

r
ag

gr
eg

at
es

R
in

g
fo

rm
at

io
ns

Sp
he

ri
ca

l
B

ir
ef

ri
ng

en
ce

N
ee

dl
e

sh
ap

e
R

ad
ia

l
or

ie
nt

at
io

n
M

al
te

se
C

ro
ss

F
T

IR
C

ry
st

al
lu

ri
a

A
P

R
T

ac
ti

vi
ty

1
+

/G
B

O
xa

la
te

 C
N

−
−

+
+

+
−

−
+

−
+

+
+

+
−

+
/G

B
N

A
0%

2
+

/G
B

O
xa

la
te

 C
N

−
+

−
+

+
−

−
+

−
−

+
+

−
−

+
/G

B
N

A
0%

3
+

/G
B

U
nd

et
er

m
in

ed
 C

N
+

+
+

+
+

+
−

+
+

+
+

−
+

+
+

/G
B

+
N

A

4
N

A
O

xa
la

te
 C

N
+

+
−

+
+

+
−

+
−

−
+

+
−

−
+

/G
B

N
A

0%

5
+

/N
K

O
xa

la
te

 C
N

+
+

+
+

+
+

+
+

−
+

+
−

−
−

+
/G

B
N

A
0%

6
+

/G
B

U
ra

te
 C

N
−

−
+

+
+

+
+

+
+

+
+

−
+

+
+

/G
B

+
N

A

7
N

A
2,

8-
D

H
A

 C
N

−
−

+
+

+
−

−
+

−
−

+
+

−
−

+
/G

B
+

0%

8
+

/N
K

U
nd

et
er

m
in

ed
 C

N
+

+
−

+
+

+
+

+
+

+
+

+
+

−
+

/G
B

+
0%

9
N

A
U

nd
et

er
m

in
ed

 C
N

−
−

−
+

+
+

−
+

−
−

+
+

+
−

+
/G

B
N

A
0%

Pt
, p

at
ie

nt
; G

B
, g

ra
ft

 b
io

ps
y;

 N
K

, n
at

iv
e 

ki
dn

ey
; C

N
, c

ry
st

al
lin

e 
ne

ph
ro

pa
th

y;
 A

T
N

, a
cu

te
 tu

bu
la

r 
ne

cr
os

is
; I

F/
T

A
, i

nt
er

st
iti

al
 f

ib
ro

si
s 

an
d 

tu
bu

la
r 

at
ro

ph
y;

 N
A

, n
ot

 a
va

ila
bl

e 
(n

ot
 p

er
fo

rm
ed

);
 F

T
IR

, F
ou

ri
er

 tr
an

sf
or

m
ed

 in
fr

ar
ed

 s
pe

ct
ro

sc
op

y.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 16

T
ab

le
 3

R
es

ul
ts

 o
f 

th
e 

ge
ne

tic
 te

st
in

g.

P
t

D
em

og
ra

ph
ic

 d
at

a
1st

 a
lle

le
2nd

 a
lle

le

A
ge

G
en

de
r

O
ri

gi
n

E
xo

n
T

ra
ns

cr
ip

t
P

ro
te

in
E

xo
n

T
ra

ns
cr

ip
t

P
ro

te
in

1
28

F
Fr

an
ce

4
c.

40
0+

2d
up

p.
A

la
10

8G
lu

fs
*3

4
c.

40
0+

2d
up

p.
A

la
10

8G
lu

fs
*3

2
41

M
Fr

an
ce

3
co

m
pl

ex
 r

ea
rr

an
ge

m
en

t
un

de
te

rm
in

ed
3

co
m

pl
ex

 r
ea

rr
an

ge
m

en
t

un
de

te
rm

in
ed

3
48

M
It

al
y

-
N

A
-

N
A

-

4
48

M
Fr

an
ce

1
c.

1A
>

G
p.

M
et

1?
4

c.
35

2G
>

C
p.

G
lu

11
8G

ln

5
51

M
C

an
ad

a
-

N
A

-
-

N
A

-

6
49

F
It

al
y

-
N

A
-

-
N

A
-

7
58

F
Fr

an
ce

5
c.

54
1T

>
C

p.
*1

81
A

rg
ex

t*
12

1
un

de
te

rm
in

ed
N

o 
m

ut
at

io
n 

fo
un

d
un

de
te

rm
in

ed

8
64

M
Fr

an
ce

4
c.

40
0+

2d
up

p.
A

la
10

8G
lu

fs
*3

un
de

te
rm

in
ed

N
o 

m
ut

at
io

n 
fo

un
d

un
de

te
rm

in
ed

9
67

F
It

al
y

4
c.

40
0+

2d
up

p.
A

la
10

8G
lu

fs
*3

un
de

te
rm

in
ed

N
o 

m
ut

at
io

n 
fo

un
d

un
de

te
rm

in
ed

Pt
, p

at
ie

nt
; F

, f
em

al
e;

 M
, m

al
e;

 N
A

, n
ot

 a
va

ila
bl

e 
(b

ec
au

se
 n

ot
 p

er
fo

rm
ed

).

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 17

T
ab

le
 4

T
re

at
m

en
t a

nd
 o

ut
co

m
e.

P
t

A
llo

pu
ri

no
l t

he
ra

py
*  

(m
g/

d)
F

ol
lo

w
-u

p 
af

te
r 

di
ag

no
si

s 
(m

on
th

s)
sC

r 
at

 d
ia

gn
os

is
 (

μm
ol

/L
)

sC
r 

at
 la

st
 f

ol
lo

w
-u

p 
(μ

m
ol

/L
)

R
en

al
 o

ut
co

m
e

in
it

ia
l d

os
ag

e
m

ai
nt

en
an

ce

1
20

0
40

0
13

2
15

0
17

3
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

2
10

0
20

0
6

24
8

22
0

C
hr

on
ic

 g
ra

ft
 d

ys
fu

nc
tio

n

3
30

0
30

0
40

28
3

10
7

N
or

m
al

 g
ra

ft
 f

un
ct

io
n

4
10

0
20

0#
24

67
6/

H
em

od
ia

ly
si

s
18

5
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

5
10

0
10

0
6

36
6

H
em

od
ia

ly
si

s
G

ra
ft

 lo
ss

6
15

0
15

0
30

43
0

16
0

C
hr

on
ic

 g
ra

ft
 d

ys
fu

nc
tio

n

7
30

0
30

0
24

10
9

10
5

N
or

m
al

 g
ra

ft
 f

un
ct

io
n

8
10

0
20

0
8

60
0/

H
em

od
ia

ly
si

s
H

em
od

ia
ly

si
s

G
ra

ft
 lo

ss

9
30

0
30

0
12

44
2/

H
em

od
ia

ly
si

s
16

8
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

Pt
, p

at
ie

nt
; s

C
r,

 s
er

um
 c

re
at

in
in

e.

* A
llo

pu
ri

no
l w

as
 in

iti
at

ed
 s

ho
rt

ly
 a

ft
er

 d
ia

gn
os

is
.

# Fe
bu

xo
st

at
 (

80
 m

g/
d)

 w
as

 th
en

 a
dm

in
is

te
re

d 
as

 m
ai

nt
en

an
ce

 th
er

ap
y.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 18

T
ab

le
 5

L
ite

ra
tu

re
 r

ev
ie

w
 o

f 
ca

se
s 

of
 r

ec
ur

re
nt

 2
,8

-D
H

A
 c

ry
st

al
lin

e 
ne

ph
ro

pa
th

y 
– 

ch
ar

ac
te

ri
st

ic
s 

at
 d

ia
gn

os
is

 a
nd

 d
ia

gn
os

tic
 m

et
ho

ds
.

F
ir

st
 A

ut
ho

r 
(r

ef
.)

Y
ea

r
A

ge
 a

t
di

ag
no

si
s

G
en

de
r

O
rd

er
 o

f
R

en
al

 T
x

H
is

to
ry

 o
f

ne
ph

ro
lit

hi
as

is
**

Su
sp

ec
te

d 
ca

us
e 

of
C

K
D

D
el

ay
 o

f
di

ag
no

si
s 

af
te

r 
T

x
(w

ee
ks

)

sC
r 

at
 d

ia
gn

os
is

(μ
m

ol
/L

)
G

ra
ft

dy
sf

un
ct

io
n

F
T

IR
D

ia
gn

os
ti

c 
m

et
ho

ds

C
ry

st
al

lu
ri

a
A

P
R

T
ac

ti
vi

ty
A

P
R

T
 g

en
e

an
al

ys
is

D
e 

Jo
ng

 (
5)

19
96

56
M

1st
+

 (
40

)
C

T
IN

/U
ra

te
 s

to
ne

s
0,

3
H

em
od

ia
ly

si
s

C
G

D
#

N
A

+
0%

N
A

B
ro

w
n 

(6
)

19
98

49
F

1st
−

U
nd

et
er

m
in

ed
 C

N
4

H
em

od
ia

ly
si

s
PG

N
F

+
/G

B
N

A
N

A
N

A

B
en

ed
et

to
 (

7)
20

01
48

M
1st

−
U

nd
et

er
m

in
ed

 C
N

19
24

8
A

G
D

N
A

N
A

0%
N

A

C
as

si
dy

 (
8)

20
04

23
M

1st
−

U
nd

et
er

m
in

ed
 C

N
2

36
1

C
G

D
+

/N
L

N
A

0%
N

A

E
lle

r 
(9

)
20

07
11

*
M

4th
+

 (
9.

5)
2,

8-
D

H
A

 n
ep

hr
op

at
hy

1
H

em
od

ia
ly

si
s

D
G

F#
#

+
/N

L
+

0%
ho

m
. c

.4
00

+
2d

up

N
as

r 
(1

0)
20

10
42

F
2nd

−
O

xa
la

te
 n

ep
hr

op
at

hy
6

48
6

C
G

D
+

/G
B

N
A

0%
N

A

N
as

r 
(1

0)
20

10
54

M
1st

+
 (

36
)

2,
8-

D
H

A
 n

ep
hr

op
at

hy
1,

3
39

8
A

G
D

#
N

A
N

A
0%

N
A

B
er

tr
am

 (
11

)
20

10
56

M
3rd

+
 (

21
)

C
T

IN
/U

ra
te

 s
to

ne
s

0,
3

H
em

od
ia

ly
si

s
D

G
F

+
/N

L
N

A
N

A
N

A

Sh
ar

m
a 

(1
2)

20
12

80
M

1st
+

 (
30

)
C

T
IN

/n
ep

hr
ol

ith
ia

si
s

1
H

em
od

ia
ly

si
s

D
G

F
N

A
N

A
0%

N
A

K
aa

rt
in

en
 (

13
)

20
14

63
M

2nd
+

 (
fr

om
 c

hi
ld

ho
od

)
C

T
IN

/n
ep

hr
ol

ith
ia

si
s

0,
3

H
em

od
ia

ly
si

s
PG

N
F

N
A

+
ho

m
. c

.1
88

G
>

A

re
f.

, r
ef

er
en

ce
 n

um
be

r;
 F

, f
em

al
e;

 M
, m

al
e;

 T
x,

 tr
an

sp
la

nt
; C

K
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 N
A

, n
ot

 a
va

ila
bl

e;
 N

x,
 n

ep
hr

op
at

hy
; C

N
, c

ry
st

al
lin

e 
ne

ph
ro

pa
th

y;
 C

T
IN

, c
hr

on
ic

 tu
bu

lo
in

te
rs

tit
ia

l n
ep

hr
op

at
hy

; s
C

r,
 s

er
um

 c
re

at
in

in
e;

 C
G

D
, c

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n;

 A
G

D
, a

cu
te

 g
ra

ft
 

dy
sf

un
ct

io
n;

 D
G

F,
 d

el
ay

ed
 g

ra
ft

 f
un

ct
io

n;
 P

G
N

F,
 p

ri
m

ar
y 

gr
af

t n
on

-f
un

ct
io

n;
 G

B
, g

ra
ft

 b
io

ps
y;

 N
L

, n
ep

hr
ol

ith
ia

si
s;

 h
om

., 
ho

m
oz

yg
ou

s 
m

ut
at

io
n.

* be
fo

re
 1

st
 r

en
al

 tr
an

sp
la

nt
at

io
n;

**
de

la
y 

be
tw

ee
n 

fi
rs

t e
pi

so
de

 o
f 

ki
dn

ey
 s

to
ne

 a
nd

 d
ia

gn
os

is
 (

ye
ar

s)
;

# hi
st

or
y 

of
 D

G
F;

##
in

 th
e 

co
nt

ex
t o

f 
ac

ut
e 

re
je

ct
io

n.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 19

T
ab

le
 6

L
ite

ra
tu

re
 r

ev
ie

w
 o

f 
ca

se
s 

of
 r

ec
ur

re
nt

 2
,8

-D
H

A
 c

ry
st

al
lin

e 
ne

ph
ro

pa
th

y 
– 

tr
ea

tm
en

t a
nd

 o
ut

co
m

e.

F
ir

st
 A

ut
ho

r 
(r

ef
.)

A
llo

pu
ri

no
l t

he
ra

py
F

ol
lo

w
-u

p 
(m

on
th

s)
sC

r 
at

 d
ia

gn
os

is
 (

μm
ol

/L
)

sC
r 

at
 la

st
 f

ol
lo

w
-u

p 
(μ

m
ol

/L
)

R
en

al
 o

ut
co

m
e

In
it

ia
l d

os
e

M
ai

nt
en

an
ce

 d
os

e

D
e 

Jo
ng

 (
5)

-
-

6
H

em
od

ia
ly

si
s

H
em

od
ia

ly
si

s
G

ra
ft

 lo
ss

B
ro

w
n 

(6
)

-
-

4
H

em
od

ia
ly

si
s

H
em

od
ia

ly
si

s
G

ra
ft

 lo
ss

B
en

ed
et

to
 (

7)
10

 m
g/

kg
N

A
N

A
24

8
17

7
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

C
as

si
dy

 (
8)

10
0 

m
g/

d
30

0 
m

g/
d

7
36

1
26

2
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

E
lle

r 
(9

)
15

0 
m

g 
x2

/w
k

10
0 

m
g/

d
7

H
em

od
ia

ly
si

s
24

0
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

N
as

r 
(1

0)
20

0 
m

g/
d

20
0 

m
g/

d
12

48
6

H
em

od
ia

ly
si

s
G

ra
ft

 lo
ss

*

N
as

r 
(1

0)
30

0 
m

g/
d 

**
60

0 
m

g/
d

18
39

8
14

1
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

B
er

tr
am

 (
11

)
15

0 
m

g/
d

30
0 

m
g/

d
9

H
em

od
ia

ly
si

s
N

A
C

hr
on

ic
 g

ra
ft

 d
ys

fu
nc

tio
n

Sh
ar

m
a 

(1
2)

N
A

N
A

N
A

H
em

od
ia

ly
si

s
N

A
N

A

K
aa

rt
in

en
 (

13
)

30
0 

m
g/

d
50

0 
m

g/
d

11
H

em
od

ia
ly

si
s

H
em

od
ia

ly
si

s
G

ra
ft

 lo
ss

re
f.

, r
ef

er
en

ce
 n

um
be

r;
 N

A
, n

ot
 a

va
ila

bl
e 

(b
ec

au
se

 n
ot

 p
er

fo
rm

ed
);

 h
om

, h
om

oz
yg

ou
s 

m
ut

at
io

n;
 d

, d
ay

; w
k,

 w
ee

k;
 s

C
r,

 s
er

um
 c

re
at

in
in

e.

* T
he

 p
at

ie
nt

 in
iti

al
ly

 im
pr

ov
ed

 b
ut

 la
te

r 
de

ve
lo

pe
d 

ac
ut

e 
de

te
ri

or
at

io
n 

of
 a

llo
gr

af
t f

un
ct

io
n 

in
 th

e 
se

tti
ng

 o
f 

to
xi

c 
m

eg
ac

ol
on

. A
llo

pu
ri

no
l w

as
 te

m
po

ra
ri

ly
 d

is
co

nt
in

ue
d 

an
d 

re
na

l a
llo

gr
af

t b
io

ps
y 

sh
ow

ed
 

ex
te

ns
iv

e 
cr

ys
ta

l d
ep

os
iti

on
. D

es
pi

te
 r

es
um

pt
io

n 
of

 a
llo

pu
ri

no
l, 

th
e 

pa
tie

nt
 r

em
ai

ne
d 

di
al

ys
is

-d
ep

en
de

nt
;

**
A

llo
pu

ri
no

l w
as

 s
ta

rt
ed

 b
ef

or
e 

re
na

l t
ra

ns
pl

an
ta

tio
n.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zaidan et al. Page 20

T
ab

le
 7

R
ec

om
m

en
de

d 
te

st
s 

fo
r 

th
e 

di
ag

no
si

s 
of

 2
,8

-D
H

A
 c

ry
st

al
lin

e 
ne

ph
ro

pa
th

y 
an

d 
A

PR
T

 d
ef

ic
ie

nc
y.

D
ia

gn
os

ti
c 

T
es

ts
A

dv
an

ta
ge

s
P

it
fa

lls

F
ir

st
 li

ne
 in

ve
st

ig
at

io
ns

•
C

ry
st

al
lu

ri
a

•
se

ns
iti

vi
ty

 a
nd

 s
pe

ci
fi

ci
ty

 c
lo

se
 to

 1
00

%

•
de

te
rm

in
es

 th
e 

na
tu

re
 o

f 
th

e 
cr

ys
ta

ls
 (

i.e
. 2

,8
-D

H
A

, 
ox

al
at

e,
 u

ra
te

, a
nd

 o
th

er
s)

•
re

qu
ir

es
 e

xp
er

ie
nc

ed
 o

pe
ra

to
r

•
no

t p
os

si
bl

e 
in

 a
nu

ri
c 

pa
tie

nt
s

•
FT

IR
/k

id
ne

y 
bi

op
sy

•
ve

ry
 h

ig
h 

se
ns

iti
vi

ty
 a

nd
 s

pe
ci

fi
ci

ty

•
de

te
rm

in
es

 th
e 

na
tu

re
 o

f 
th

e 
cr

ys
ta

ls
 (

i.e
. 2

,8
-D

H
A

, 
ox

al
at

e,
 u

ra
te

, a
nd

 o
th

er
s)

•
re

qu
ir

es
 k

id
ne

y 
or

 g
ra

ft
 b

io
ps

y

•
m

ay
 n

ot
 c

ha
ra

ct
er

iz
e 

ve
ry

 s
m

al
l 

cr
ys

ta
ls

 <
 1

2 
μm

•
FT

IR
/k

id
ne

y 
st

on
e

•
ve

ry
 h

ig
h 

se
ns

iti
vi

ty
 a

nd
 s

pe
ci

fi
ci

ty

•
de

te
rm

in
es

 th
e 

na
tu

re
 o

f 
th

e 
st

on
e

•
re

qu
ir

es
 th

e 
pa

tie
nt

 to
 s

av
e 

an
y 

pa
ss

ed
 

st
on

es
 f

or
 te

st
in

g

Se
co

nd
 li

ne
 in

ve
st

ig
at

io
ns

•
A

PR
T

 a
ct

iv
ity

 in
 e

ry
th

ro
cy

te
 

ly
sa

te
s

•
se

ns
iti

vi
ty

 a
nd

 s
pe

ci
fi

ci
ty

 o
f 

10
0%

•
av

ai
la

bi
lit

y

•
G

en
et

ic
 te

st
in

g
•

id
en

tif
ic

at
io

n 
of

 8
0–

90
%

 o
f 

A
PR

T
 g

en
e 

m
ut

at
io

ns
•

co
st

A
PR

T
, a

de
ni

ne
 p

ho
sp

ho
ri

bo
sy

ltr
an

sf
er

as
e;

 2
,8

-D
H

A
: 2

,8
-d

ih
yd

ro
xy

ad
en

in
e;

 F
T

IR
: F

ou
ri

er
 tr

an
sf

or
m

ed
 in

fr
ar

ed
 m

ic
ro

sc
op

y.

Am J Transplant. Author manuscript; available in PMC 2015 November 01.


