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Abstract

Background Primary hyperoxaluria type 3 (PH3) is a recently described cause of childhood renal calculi. It results from
mutations in the HOGAI gene and most cases have been diagnosed after clinical ascertainment, exclusion of other genetic
hyperoxalurias and mutation testing. Metabolite testing has not been widely applied but holds promise for the rapid screening and
diagnosis of patients who are not specifically suspected to have PH3.

Case-Diagnosis/Treatment Two cases presented with renal calculi. Urine metabolite testing by tandem mass spectrometry was
performed as part of the routine diagnostic work-up for this condition. Both had significantly increased levels of the PH3 urine
marker 4-hydroxyglutamate and related metabolites. The diagnosis of PH3 was confirmed by the finding of bi-allelic damaging
HOGA 1 mutations.

Conclusions Urine screening by tandem mass spectrometry is a rapid, high-throughput test that can detect PH3 cases that may

otherwise not be diagnosed.
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Introduction

Primary hyperoxaluria (PH3, OMIM 613616) is caused by
loss-of-function mutations HOGAI, resulting in deficiency
of the mitochondrial enzyme 4-hydroxy-2-oxoglutarate aldol-
ase which is active in the hydroxyproline catabolic pathway
[1, 2]. This enzyme deficiency results in the accumulation of
4-hydroxy-2-oxoglutarate (HOG) within mitochondria. It is
proposed that HOG is then transported to the cytosol where
it is converted to oxalate by the concerted actions of an aldol-
ase and lactate dehydrogenase [3]. An alternatively proposed
mechanism for the production of oxalate is the inhibition of
glyoxylate reductase by accumulating HOG [4]. Patients with
PH3 typically present in the first few years of life with
nephrolithiasis [5]. Renal function in PH3 appears to be rela-
tively intact compared to primary hyperoxaluria type 1
(OMIM 259900) and asymptomatic PH3 individuals have
been described [1, 5]. Only a few patients have been reported
with compromised renal function [6, 7]. An in silico incidence
of 1:136,900 has been estimated for PH3 from the mutant
allele frequency [6]. However, exome sequencing (Exac data-
base) detected many additional rare potentially damaging mu-
tations which were not detected in homozygous or compound
heterozygous conditions, potentially increasing twice the mu-
tant allele frequency.
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Most cases of PH3 have been diagnosed via Sanger se-
quencing of HOGAI when there is high index of suspicion,
e.g. significant oxaluria or oxalate stones, exclusion of other
causes of hyperoxaluria or multiple affected siblings.
Mutation testing is harder to justify in patients who may not
fulfil the above criteria and is not suited to testing large num-
bers of such patients. Lately, next-generation sequencing
(NGS) has been suggested as a scalable test for all three types
of PH. However, this method is still rather expensive and time
consuming [8]. Given the relatively large numbers of patients
with a low index of suspicion of a genetic oxaluria (e.g.
nephrolithiasis or mildly increased oxalate excretion) but
who nevertheless require these conditions to be excluded,
it would be helpful if there was a cheaper screening tech-
nique. We recently showed that 4-hydroxyglutamate
(40HGlu), the immediate precursor of HOG, is a useful
PH3 diagnostic biomarker and developed a high-
throughput screening method for this metabolite [9]. The
current report describes the prospective application of this
screening technique which led to the prompt diagnosis of
two new cases of PH3 with low indices of suspicion.

Patients and methods
Patients
Patient 1

This male initially presented during infancy in the UK with
hyperoxaluria and renal stones requiring lithotripsy. No
diagnosis was made at the time but primary hyperoxaluria
types 1 and 2 were excluded on the basis of normal excre-
tion of glycolic and glyceric acids. He migrated to
Australia and was referred for investigation of long-
standing recurrent bilateral renal calculi at the age of
15 years. The calculi were observed on ultrasound and
appeared larger than on a previous scan 9 months carlier.
A new calculus was also identified in the lower pole of the
left kidney. The calculi were noted to be more significant
during infancy. The boy was otherwise well with no dys-
uria, haematuria or urinary tract infections. Between the
age of 12 and 15 years, he was noted to have a mild
oxaluria (Table 1). There was also an intermittent mild to
moderate hypercalcuria of 0.38 to 1.77 mmol/mmol creat-
inine (reference range 0.04-0.70).

Patient 2
Patient 2 presented at 7 months of age with initial symp-
toms of dysuria. He was initially thought to have a urinary

tract infection but urine culture was negative. A renal ul-
trasound was performed which showed bilateral renal

@ Springer

calculi including a large left calculus obstructing the
pelvic-ureteric junction. Urine oxalate was increased in
two samples collected at 6 and 6.5 months of age
(Table 1). Given the rarity of renal calculi in infancy and
the likelihood of this being secondary to a metabolic disor-
der, patient 2 proceeded to have a full investigation includ-
ing a urine metabolic screen. He required a left percutane-
ous nephrolithotomy to remove the left calculus. There was
insufficient material for analysis due to the friable and
fragmented nature of the stone.

Methods

Urine 4OHGlu was measured by flow injection tandem mass
spectrometry in the same laboratory as previously described
[9]. Standard urine organic acid screening by gas
chromatography-mass spectrometry was also used to measure
HOG and 2,4-dihydroxyglutaric in the same laboratory as a
confirmatory test. HOGA sequencing was performed as pre-
viously described [1]. Urine oxalate was measured using an
enzymatic method (Trinity Biotech’s Oxalate Kit) in two lab-
oratories. Values were expressed as micromoles per milli-
moles creatinine and mmol/1.73 m%day due to reporting dif-
ferences between the two laboratories used.

Results

Results are summarised in Table 1. Urine oxalate was in-
creased in multiple samples from both patients although it
was only slightly increased in patient 2. Urine screening
showed large increases in 4OHGlu, consistent with PH3 in
both patients. Follow-up urine organic acid analysis also dem-
onstrated significant increases in the PH3 metabolites 2,4-
dihydroxyglutaric and HOG. Urine biomarkers for other ge-
netic nephrolithiasis disorders (cystine, glycolic, glyceric,
orotic and xanthine) were normal.

Sequencing of the HOGA I showed that patient | was com-
pound heterozygous for the most frequent PH3 splicing mu-
tation IVS700+5G>T [1, 6] and a novel ¢.251T>C
(Leu84Pro) missense mutation predicted to be damaging by
Mutation Taster and PolyPhen-2.

Patient 2 is a compound heterozygote for the p.Glu315del
mutation frequently described in PH3 [1, 6] and a novel
¢.860G>A, p. Gly287Glu missense mutation predicted to be
damaging by Mutation Taster and PolyPhen-2. Interestingly,
the large family which was the first to be identified as having
HOGA mutations causing PH3 (family 1 in [1]) had com-
pound heterozygous mutations in the same positions but with
another substitution at position 287 (p.Gly287Val).
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Table 1 Characteristics of the
two hyperoxaluria type 3 patients

Patient 1 Patient 2

Age at diagnosis
Oxalate

4-Hydroxyglutamate

pumol/mmol creatinine
4-Hydroxy-2-oxoglutarate®
2,4-Dihydroxyglutarate®
HOGAI genotype

15 years 8 months

83-105 [n=4] (< 56)" umol/mmol  0.87, 1.09 (< 0.7) m1n0]/1.73m2/day
creatinine

40 (<2) 172 (<9)

++ +++

+ +

[c.251T>C; Leu84Pro] + [c.946 del AGG; p.Glu315del] +
[IVS700+5G>T] [c.860G>A; p. Gly287Glu]

*Reference ranges in brackets

b Qualitative assessment (metabolites normally undetected)

Discussion

In addition to oxalate, three additional metabolites accumulate
in PH3 and appear to be specific for this condition. HOG, the
immediate substrate of the deficient enzyme accumulates in
urine as well as 2 .4-dihydroxyglutaric (the reduced form of
HOG) and 40HGlu, the precursor to HOG in the hydroxypro-
line catabolic pathway. For the biochemical diagnosis of PH3,
measurement of urine HOG by ion chromatography-mass spec-
trometry [4, 9] and the simultaneous measurement of HOG and
2,4-dihydroxyglutaric acid by gas chromatography-mass spec-
trometry [10] have been shown to be useful. However, these are
specialised, low-throughput tests that are only likely to be ap-
plied to the differential diagnosis of patients with significant
documented hyperoxaluria. Furthermore, HOG is unstable in
urine which may explain the partial overlap of HOG levels
between PH3 patients and controls [9]. Also, reliable measure-
ment of urine oxalate is fraught with technical difficulties and
which may result in equivocal results. Moreover, patients with
PH3 can occasionally have normal or only slightly increased
oxalate excretion [11], as exemplified by patient 2, with the
potential that PH3 may be overlooked.

We recently showed that urine 4OHGlu is a reliable and
stable marker for PH3 that can simply be added to an
existing metabolite screening panel for inborn errors of
metabolism [3, 9]. It can therefore be applied as a general
screening test to diagnose PH3 in situations where oxaluria
may subtle or not apparent for the reasons outlined above.
Our initial studies indicated 100% specificity and sensitiv-
ity when age-appropriate reference ranges are applied [9].
Further studies are needed to determine if this performance
will apply for larger-scale, prospective screening and mu-
tation testing of HOGA! is recommended to confirm all
screen positive patients. Metabolite screening also offers
the advantage of faster turn-around time and lower cost
compared to genetic testing as well as providing a more
definitive diagnosis when the patient carries HOGAI vari-
ants of unknown significance. Another advantage of this
approach is that this single test can diagnose most genetic

causes of renal calculi including PH1, PH2, PH3, cystin-
uria, xanthinuria and hereditary orotic aciduria as the rele-
vant individual biomarkers can be readily included in the
same tandem mass spectrometry analysis [12]. This ap-
proach allowed us to rapidly diagnose PH3 in these two
cases. The tandem mass spectrometry technology used to
measure 4OHGlu is now widely available in many meta-
bolic screening laboratories and we advocate the inclusion
of 40HGlu in metabolite panels used to screen all patients
with nephrolithiasis of uncertain aetiology.
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