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Abstract The aim of this paper is to give an overview of
our current state of knowledge with respect to geno-
typing for the primary hyperoxalurias and the role of
molecular genetics alongside the more traditional bio-
chemical and enzymatic tests for the diagnosis and
prognosis of these disorders. The published literature
was reviewed to establish the frequency of different
mutations and thus the value of testing for a limited
number of these mutations in patients with clinical
suspicion of primary hyperoxaluria (PH). This approach
was compared with whole gene sequencing of the AGXT
and GRHPR genes. A limited genetic screen can provide
a first line test for PH1 and PH2 in symptomatic patients
and can provide a full diagnosis in approximately a third
of cases. Molecular genetic analysis is essential for car-
rier testing and prenatal diagnosis. The value of molec-
ular genetics in prognosis requires a wider evidence base.
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Introduction

The primary hyperoxalurias are inherited disorders of
endogenous oxalate overproduction from glyoxylate.
Two enzymes, alanine:glyoxylate aminotransferase
(AGT) and glyoxylate reductase (GRHPR), which are
both present in the hepatocyte are able to metabolise
glyoxylate to the less toxic intermediates glycine and
glycolate, respectively. However, deficiency of these en-
zymes leads to the inherited disorders primary hyper-
oxaluria type 1 (PH1) and type 2 (PH2), respectively
(reviewed by [1]).

Diagnosis of these diseases requires a combination of
complex biochemical tests including measurement of
urine oxalate and related metabolites glycolate and L-
glycerate, and measurement of the AGT and GRHPR
catalytic activity in a liver biopsy [2]. Urine metabolites
do not have a sufficiently high specificity to be regarded
as diagnostic but direct the clinician toward the confir-
matory test of specific enzyme analyses. With the iden-
tification of the genes encoding the enzymes, molecular
genetics has been suggested as a less invasive alternative
strategy.

The AGXT and GRHPR genes encoding the AGT
and GRHPR enzymes have been cloned and mapped to
the long arm of chromosomes 2 and the centromeric
region of chromosome 9, respectively, and a number of
mutations have been described in both genes (see [3] for
references). Some of these mutations are relatively
common with three, c.33_34insC, c.508A and c.731C,
accounting for approximately 45% mutant alleles in
PH1 [4] and c.103delG accounting for a similar fre-
quency of mutant alleles in PH2 [5].

This paper reviews the strategies available for the
diagnosis of PH and the interaction of biochemical and
genetic analyses.

Methods

PubMed was searched with the following terms: primary
hyperoxaluria type 1, primary hyperoxaluria type 2,
AGXT, GRHPR, alanine:glyoxylate aminotransferase,
glyoxylate reductase, hyperoxaluria and mutations.

Results and discussion

The strategy used by our laboratory before 2004 was to
measure AGT and GRHPR catalytic and immunoreac-
tivity in liver biopsies from patients with documented
hyperoxaluria or end stage renal failure with suspicion of
primary hyperoxaluria. This technique has a sensitivity
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of greater than 95%, but some problems have been
encountered in the interpretation of results. First, some
patients with PH2 were found to have reduced AGT
activity. This is not a problem if GRHPR activity is
measured concomitantly but may lead to misdiagnosis as
PH1 if AGT alone is measured. Heterozygotes for PH1
may also have reduced AGT activity. Ordinarily this
should not cause a diagnostic dilemma as they should be
asymptomatic but may be a problem if siblings of pa-
tients with PH1, particularly those with equivocal urine
oxalate measurements, are tested. We have recently also
noticed that AGT activity in the normal range has been
found in three cases of PH1 who are homozygous for the
missense mutation, Gly170Arg (c.508G>A) which cau-
ses mistargeting of AGT to the mitochondrion. This
observation may arise from differences in mitochondrial
content of a particular biopsy which can not be con-
trolled. It has, however, introduced a requirement to test
for this mutation in any symptomatic patient apparently
normal for AGT and GRHPR enzyme activity.

Turning our original strategy on its head, molecular
genetics was used as the primary test for the diagnosis of
primary hyperoxaluria after confirmation of hyperoxal-
uria. Two approaches were assessed, namely selective
mutation testing and sequencing of the entire gene. The
results of the first strategy have been recently published
[4] and show that by testing for the c.33_34insC, c.508A
and c.731C mutations in PH1 and the c.103delG muta-
tion in PH2, a diagnosis (i.e. two mutations) could be
made in 34% of cases. In a further third, one mutation
only was detected and in the final third, no mutation was
identified. The last two groups would therefore require a
liver biopsy to confirm the diagnosis but overall, the
limited mutation detection approach has a test sensi-
tivity of 62% for PH1 and 40% for PH2. Although the
above mutations in the AGXT gene have been seen in all
ethnic groups, the c.731C mutation is particularly
common in those of Spanish and North African descent
[6]. The c.103delG mutation in GRHPR has to date only
been identified in Caucasians [5, 7].

Sequencing of the whole gene did not identify all
mutations as shown by three studies [8, 9, 10]. It is
possible that this is due to mis-calling of heterozygous
mutations by automated sequencing software. Restrict-
ing sequence analysis to exons may also miss significant
changes in promoter or intronic sequences or major
deletions. Even when a potential sequence variant is
identified, its significance in disease pathology cannot be
automatically assumed. For example, there are several
known sequence variants (polymorphisms) in AGXT,
some of which have no functional effect e.g.Val326Ile
[11]. Ideally, the functionality of mutations should al-
ways be demonstrated by expression studies, but this is
not always possible and the pathological effect may be
assumed by family studies only. A database has recently
been assembled documenting all published mutations
and how their functionality has been demonstrated,
whether by expression or family studies (available from
the author).

Molecular genetics is undoubtedly the method of
choice for prenatal diagnosis and carrier testing. Pre-
natal diagnosis can use mutation analysis or linkage
analysis with intragenic and extragenic polymorphisms
[12]. The great advantage of DNA analysis is the ability
to perform the diagnosis in the first trimester of preg-
nancy. We have now performed over 50 prenatals using
these techniques. Similar techniques can be used to make
the diagnosis of other affected siblings within a family.
This technique has the advantage of avoiding a liver
biopsy in a patient at high risk of disease or in a sibling
with equivocal oxalate results (Fig. 1). However, it
makes the assumption that the parents are both carriers
of the disease and are not themselves affected. This
assumption may be false and there may be three disease
alleles tracking within a family such as we described
some years ago [13]. It therefore pays to take a careful
history from all family members including parents.

The role of genotyping in prognosis is a more con-
tentious area, mainly because there is insufficient evi-
dence as yet available. We recently demonstrated that
there was little difference in age of onset of disease with
any of the common mutations in PH1 [4]. The peak age
of onset occurred before the age of 10 years, but some
patients, with mutations causing complete ablation of
AGT activity, e.g. c.33_34insC, presented as late as
40 years of age, suggesting that other genes or envi-
ronmental influences were also playing a part in the
presentation of disease. Other aspects of prognosis such
as genotype relationship to pyridoxine sensitivity are
under investigation but studies must be designed care-
fully to avoid bias.

In conclusion, a limited genetic screen can provide a
first line test for PH1 and PH2 and provides a diagnosis
in approximately a third of cases. This strategy can limit
the requirement for liver biopsy but is dependent on a
full work-up being performed on the patient prior to
genetic analysis. Molecular genetics continues to be the
method of choice for prenatal diagnosis and carrier
testing for both PH1 and PH2. The value of genotyping

Fig. 1 Genetic studies on a family with a history of primary
hyperoxaluria type 2. N denotes normal allele, M mutant allele
(c.403_405+2delAAGT). II3 was initially identified by urine
oxalate analysis as affected, but mutation analysis clearly shows
that she is heterozygous for the mutation. Subsequent urine oxalate
measurements were found to be normal
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in prognosis needs a wider evidence base and will best be
achieved by collaboration of interested clinicians and
laboratories.
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