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Abstract

Background: Primary hyperoxaluria type 1 (PH1) is an autosomal recessive inherited disorder of glyoxylate
metabolism in which excessive oxalates are formed by the liver and excreted by the kidneys. Calcium oxalate
crystallizes in the urine, leading to urolithiasis, nephrocalcinosis, and consequent renal failure if treatment is not
initiated promptly. Mutations in the AGXT gene which encodes the hepatic peroxisomal enzyme alanine:glyoxylate
aminotransferase are responsible of PH1. In the present work, we aimed to analyze AGXT gene and in silico
investigations performed in four patients with PH1 among two non consanguineous families.

Methods: Exhaustive gene sequencing was performed after PCR amplification of coding exons and introns
boundaries. Bioinformatic tools were used to predict the impact of AGXT variants on gene expression as well as on

the protein structure and function.

Results: Direct sequencing of all exons of AGXT gene revealed the emergence of multiple mutations in compound
heterozygous state in the two studied families. Two patients were compound heterozygous for the c.731 T > C, c.
32C > T, c.1020A > G and ¢.33_34insC and presented clinically with recurrent urinary tract infection, multiple
urolithiasis and nephrocalcinosis under the age of 1 year and a persistent hyperoxaluria at the age of diagnosis. The
two other patients presenting a less severe phenotypes were heterozygous for ¢.731 T > C and homozygous for
the ¢.32C > T and ¢.1020A > G or compound heterozygous for c.26C > A and c.65A > G variants.

Conclusion: In Summary, we provided relevance regarding the compound heterozygous mutations in non

consanguineous PH1 families with variable severity.
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Background

Primary hyperoxalurias (PH) are a group of three auto-
somal recessive inherited disorders of glyoxylate metab-
olism [1]. PH1 (OMIM # 259900) represents the most
common and severe type of primary hyperoxalurias,
caused by mutations in the AGXT gene encoding the
liver peroxisomal enzyme alanine:glyoxylate aminotrans-
ferase (AGT; EC 2.6.1.44) [2, 3]. The AGT deficiency in
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PH1 is responsible for an increased endogenous produc-
tion and urinary excretion of oxalate that leads to hyper-
oxaluria. Calcium oxalate crystallizes in the urine,
leading to recurrent urolithiasis, nephrocalcinosis and
subsequently to renal failure and systemic oxalosis in the
absence of appropriate early conservative treatment [4].
It is, therefore, necessary to establish a precise diagnosis
early in the course of the disease to lead to an effective
treatment.

An accurate PH1 diagnosis currently requires a meas-
urement of AGT catalytic activity in the liver biopsy. Un-
fortunately, it is only available in a limited number of
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laboratories worldwide and it requires strict conditions
for transport as the sample needs to be shipped frozen.
These strict conditions make it difficult to PH1 patients
to have liver biopsy and enzyme testing [5]. As an alter-
native approach, molecular analysis of AGXT gene allows
a non invasive method to establish the PH1’s diagnosis
in most of suspected patients. The AGXT gene, which
encodes the 392 amino acid protein AGT, has been
mapped to the 2q37.3 chromosome telomeric region. It
is organized in 11 exons that spread across approxi-
mately 10 kb. Over 160 AGXT distinct mutations have
so far been identified in PH1 as the cause of a wide
spectrum of clinical severity (http://www.hgvs.org/) [6].
The most of mutant alleles (75%) are of single nucleotide
substitutions type, particularly missense mutations. The
remaining mutations are due to by either major or
minor deletions and insertions. Functional studies
showed that deficiency of AGT enzyme due to missense
mutations could lead to decrease the AGT ability to fold
correctly into active dimers or in some other cases to
mitochondrial mistargeting of the enzyme instead to the
hepatic peroxisomes.

In this study, we performed the AGXT gene molecular
genetic analysis of in four Tunisian patients with PH1
syndrome. We highlighted the existence and severity of
the compound heterozygous mutations in non consan-
guineous Tunisian families.

Methods

Patients and families

Four patients from two unrelated Tunisian families diag-
nosed with PH1 were studied. Their parents and healthy
siblings were also subject to the same study.

The control group consisted of 50 healthy unrelated
individuals with no family history of renal stones. In-
formed consent was obtained from both patients and
control individuals in accordance with the ethics com-
mittee of Hedi Chaker Hospital (Sfax, Tunisia). The PH1
diagnosis was made based on clinical manifestation, bio-
chemical and radiological data. Mean clinical character-
istics observed in the studied patients were summarized
in Table 1.

Molecular approach

DNA extraction

Blood samples from affected individuals and their family
members were collected. Genomic DNA was extracted
from leukocytes using the standard phenol-chloroform
procedures.

PCR amplification and DNA sequencing

PCR amplification was performed for the 11 exons of
the AGXT gene and their exon-intron boundary regions
using appropriate primers. All exons were amplified in a
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thermal cycler (Applied Biosystem 2720) in a final vol-
ume of 50 ul containing 50 to 100 ng of genomic DNA,
0.2 pM of each primer, 1x PCR buffer (Promega),
1.2 mM MgCl2, 0.2 mM each ANTP, and 1 U Tag DNA
polymerase (Promega, Madison, Wi, USA). PCR reac-
tions were performed under the touchdown conditions
as follows: initial denaturation at 95 °C for 5 min
followed by 35 cycles of denaturation at 95 °C for 30 s,
annealing at 65-58 °C (depending upon the primers sets
used) for 30 s, extension at 72 °C for 45 s and final ex-
tension at 72 °C for 10 min.

The PCR products were then purified by enzyme
reaction (Exonucléase I; 20 units/ pl; Fermentas), and
directly sequenced on both strands using a Big-Dye
vl.1 di-deoxy-terminator cycle sequencing kit on au-
tomated DNA sequencer ABI PRISM 3100-Avant
(Perkin Elmer, Norwalk, CT, USA). The resulting se-
quences were aligned with reference sequences using
the blast homology programs available at the NCBI
(National Center for Biotechnology Information) web-
site (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

The sequence alignment

The sequence alignment of the AGXT gene was performed
using the ClustalW program (http://www.ebi.ac.uk/
Tools/msa/clustalo/).

Secondary structure analysis

The AGT protein secondary structure was obtained by
NPS@ (Network Protein Sequence @nalyse). The sec-
ondary structure calculations were performed using by
STRIDE (http://webclu.bio.wzw.tum.de/stride/). Predic-
tion of the different variants effect on the mRNA sec-
ondary structure was performed using the MFOLD
program.

Prediction of possible impact of an amino acid substitution
The possible impacts of the amino acid substitution on the
three-dimensional protein structure, on the one hand, and
that of the AGXT change in the protein function, on the
other, were assessed using the PolyPhen program (Poly-
morphism Phenotyping) (http://genetics.bwh.harvard.edu/
pph2/index.shtml).

The protein conformation was predicted applying by the
program Deep View/Suiss-PDB viewer 3.7. (http://
spdbv.vital-it.ch/) allowing the comparison of structures of
both wild-type and mutant AGT subunits. Protein crystal
structures were taken from PDB by 3D-JIGSAW. The
models were evaluated on the basis of geometrical and
stereochemical constraints using ProSA-Web (https://
prosa.services.came.sbg.ac.at/prosa.php) and Verify 3D
(http://services.mbi.ucla.edu/Verify_3D/).
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Results

AGXT gene mutational analysis and Bioinformatic
investigations

A mutational analysis of the 11 exons of AGXT gene and
their flanking regions was performed in the studied pa-
tients and their parents in families F1 and F2. The re-
sults show several known variants and a novel one
(Table 2).

AGXT mutation analysis in family F1

In the non consanguineous family F1, more than one
pathogenic known variants was detected: ¢.32C > T,
c¢731 T > C, ¢.33_34insC and c.1020A > G, together
with other variants. In fact, the father (patient P1) was
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heterozygous for the ¢.731 T > C variant and homozy-
gous for the ¢32C > T and c.1020A > G variants
whereas the unaffected mother was only heterozygous
for the c.33_34insC. The two sons (patients P2 and P3)
were compound heterozygous for the variants ¢.32C > T,
¢731 T > C, c.1020A > G transmitted from the father
and for ¢33 34 insC transmitted from the mother
(Figs. 1a and 2a).

The ¢32C > T in exon 1, ¢731 T > C in exon 7 and
c.1020A > G in exon 10 were non synonymous variants
leading to amino acid changes p.Prollleu, p.[le244Thr
and p.lle340Met respectively (Fig. 2a) whereas c¢.33_34insC
is a frameshift mutation occurring in exon 1 causing a pre-
mature termination codon at position 167 (TGA).

Table 2 AGXT point variations detected in the studied patients with PH1

Family Patient Nucleotide change Position State Codon/Effect Ref
Family F1 P1 c32C>T Exon 1 Hom p.Prol1Leu Purdue et al, 1990
Dup 74pb Intron 1 Hom Non coding Purdue et al, 1991
c264C > T Exon 2 Hom p.Alag88Ala Danpure et al, 1994
€358+ 13C>T Intron 2 Hom Non coding Von Schnakenburg, 1998
c524 +91C>T Intron 4 Hom Non coding Monico et al., 2007
c680+ 17C>T Intron 6 Hom Non coding Monico et al, 2007
c731T>C Exon 7 Het p.lle244Thr Von Schnakenburg and Rumsby, 1997
c777-45C > T Intron 7 Hom Non coding Von Schnakenburg, 1998
c777-44A > G Intron 7 Hom Non coding Monico et al, 2007
€846 + 52G > A Intron 8 Hom Non coding Monico et al,, 2007
c.1020A > G Exon 10 Hom p.lle340Met Purdue et al, 1992
c41C> A 3'UTR Het Non coding Von Schnakenburg and Rumsby, 1997
P2 and P3 c32C>T Exon 1 Het p.Prol1Leu Purdue et al, 1990
€.33_34insC Exon 1 Het p.Lys12GInfsX156 Pirilli et al., 1999
Dup 74pb Intron 1 Het Non coding Purdue et al, 1991
c264C > T Exon 2 Het p.Alag88Ala Danpure et al, 1994
€358+ 13C>T Intron 2 Het Non coding Von Schnakenburg, 1998
c524 +91C>T Intron 4 Het Non coding Monico et al,, 2007
c680 +17C>T Intron 6 Het Non coding Monico et al, 2007
c731T>C Exon 7 Het p.lle244Thr Von Schnakenburg and Rumsby, 1997
c777-45C > T Intron 7 Het Non coding Von Schnakenburg, 1998
c.777-44A > G Intron 7 Het Non coding Monico et al., 2007
846 + 52G > A Intron 8 Het Non coding Monico et al, 2007
c1020A > G Exon 10 Het p.lle340Met Purdue et al, 1992
c41C> A 3UTR Het Non coding Von Schnakenburg and Rumsby, 1997
Family F2 Patient P4 c26C > A Exon 1 Het p.Thr9Asn Monico et al, 2005
C65A > G Exon 1 Het p.Asn22Ser Williams et al.,, 2009
c524 +91C>T Intron 4 Het Non coding Monico et al,, 2007
c.777-44A > G Intron 7 Hom Non coding Monico et al., 2007
c.777-77A > G Intron 7 het Non coding This paper
c41C> A 3UTR Het Non coding Von Schnakenburg and Rumsby, 1997
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P1
¢.32C>T THT cic ¢26C>A  CHA clle
¢.33_34insC  wt_Lwt wt.llins
¢731T>C  CHT T c65A>G  ALA GlA
¢.1020A>G GH-G AlLA
P2 P3 P4
ca2e>T1  THe Txe c26c>A  clla
¢.33_34insC  Wtlins wtir-ins
¢731T>C  CHT g c65A-G  GHA
c1020A-G  G{lA Gi-A
Family F1 Family F2
Fig. 1 a Pedigree of the Family F1 showing the inheritance of the ¢32C > T, c.731 T > C and ¢.33_34insC mutations in the affected members P1,
P2 and P3. b Pedigree of the Family F2 showing the inheritance of the c.26C > A and c.65A > G variations in the affected members P4

Bioinformatic investigations of the detected variants

The bioinformatic tools were used to investigate the ef-
fect of the variants ¢.32C > T (p.ProllLeu), ¢.731 T > C
(p.1e244Thr) and c.1020A > G (p.lle340Met) and
¢.33_34insC on the generated AGT proteins.

The alignment of the AGT proteins in several species
showed that a frameshift mutation ¢.33_34insC
(p.Lys12GInfsX156) occurred in the highly stable N-
terminal extension of the AGT protein. It also revealed,
that proline substituted by leucine in codon 11 and the
isoleucine substituted by threonine in codon 244 affect a
highly conserved nucleotide of the N-terminal extension
of the AGT protein (residues 1-21) with a CI of 100%
(Fig. 2b) and the large N-terminal domain (residues 22—
282) respectively. However, the substitution of isoleucine
340 by a methionine is found in helix 331-344 in the
small C-terminal domain (Fig. 2c and d).

The structural effect of these variants was analyzed
using the NPS program. A secondary structure analysis
of the modeled protein revealed that the wild type con-
tained 27.81% alpha helix, 18.11% extended strand and
54.08% random coil. However, the mutant protein con-
tained 32.91% alpha helix, 13.78% extended strand and
53.32% random coil. Our findings show that the main ef-
fect of these missense mutations was the introduction of
new alpha helix into the amino acid chain. Furthermore,
the secondary structure calculated by STRIDE shows
that p.Prollleu, p.Jle244Thr and p.lle340Met altered
the backbone angles, respectively, at these positions
(wild type: Phi % ~ -5831, Psi % ~ 127,91; Phi
% ~ -5941, Psi %4 ~ -26,70; Phi %4 ~ -73,23, Psi
Y% ~ -37,23; AGT-LTM: Phi %4 ~ -57,52, Psi % ~ 120,40;

Phi % ~ -58,03, Psi %4 ~ -37,39; Phi %4 ~ -66,97, Psi
% ~ -50,53), suggesting that these substitutions could
destabilize the helical conformation of the peptide.

AGXT mutation analysis in family F2 revealed two
nucleotide changes in the AGT protein N-terminal region
The AGXT gene screening results in Patient 4 (P4) re-
vealed the presence of known variants, summarized in
Table 2. Two nucleotide changes in exon 1, c.26C > A
and c.65A > G were found in heterozygous state and
were inherited from each parent (Fig. 1b). The screening
of these variants in 100 alleles from healthy unrelated in-
dividuals from the same region revealed their absence.
The c.26C > A and c.65A > G result in two missense
substitutions of threonine to asparagine at codon 9
(p.Thr9Asn) and asparagine to serine at codon 22
(p-Asn22Ser), respectively, in the N-terminal tail of AGT
protein that grabs the other subunit within the dimer.

Bioinformatic evaluation of the effect of c.26C > A and
c.65A > G variants on RNA secondary structure and
protein conformation

The alignment of the AGT protein aminoacid sequences
from different species revealed that the residues threo-
nine and asparagine at codon position 9 and 22 respect-
ively, are slightly conserved across the analyzed species
(Fig. 3A, B). Besides, the evaluation of the effect of
p.Thr9Asn and p.Asn22Ser on protein conformation
showed some difference in the overall architecture of the
mutant proteins compared to the human AGT wild-type.
In fact, the r.m..deviation (root mean square deviation)
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Fig. 2 a Sequence chromatograms showing the presence of ¢32C > T, ¢.731 T > C and c.1020A > G variants in Family F1. b Multiple sequence
alignment of alanine:glyoxylate aminotransferase (AGT) with different species showing the aminoacids at position 11, 244 and 340. The
concerned amino acids are boxed. ¢ Model of AGT-LTM variant obtained by Deep View/Suiss-PDB viewer 3.7 software showing the aminoacids at
position 11, 244 and 340. d A schematic drawing of the AGT domains showing the aminoacids at position 11, 244 and 340

p.lle340Met

392 aA

10 11 Exons

C-terminal domain

for backbone atoms between the two structures was 0.2 A
for p.Thr9Asn and 0.44 A for p.Asn22Ser.

The effect of c26C > A and c.65A > G variants was
then assessed using the MFOLD program. The results
showed that the first would require virtually no alter-
ation in the RNA secondary structure. However, the ad-
enine substitution by guanine at position c.65
introduced several changes in the overall RNA second-
ary structure. In fact, the mutated sequence contained
three hairpin loops between C°C*°G"°G"8, A*G*°C*°U>®
and G>°C*® respectively. This new structure seemed to
be widely different from the wild type structure in the
number, composition and orientation of the hairpin
loops. The wild type structure was formed essentially by
two hairpin loops between A'C®°G”® and U"U’A*°A*°

interrupted by three small ones between G**C*?, C**G*®
and C"°G” (Fig. 3C).

Clinical severity evaluation of the compound
heterozygous studied patients

The comparison of the clinical severity in the four PH1
studied patients was based on the patient’s age of onset,
the clinical presentation and the disease outcome.

The two patients (Patient P2 and P3), sharing the same
haplotype: compound heterozygous for the ¢.731 T > C,
¢.32C > T, ¢.1020A > G and c.33_34insC showed the dis-
ease symptoms early with recurrent urinary tract infec-
tion, multiple urolithiasis and nephrocalcinosis within
the first year after birth. These two cases presented a
persistent hyperoxaluria at the time of diagnosis. The
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Fig. 3 A) Sequence chromatograms showing the presence of c.26C > A and c65A > G variants in Family F2. B) Multiple sequence alignment of
alanine:glyoxylate aminotransferase (AGT) with different species showing the aminoacids at position 9 and 22. The concerned amino acids are
boxed. C) Prediction of the effect of c.26C > A and c.65A > G variants on mRNA secondary structure; a) the wild-type AGT secondary structure; b)
c26C > A sowed no alteration on the RNA secondary structure; €) c.65 introduced several changes in the overall RNA secondary structure

performed crystalluria in these two patients showed
monohydrated calcium oxalate crystal, or whewellite, in
the urine with a crystalline volume exceeding 200/mm?®,
Interestingly, P2 and P3 respond to pyridoxine treatment
and thus their oxaluria values declined noticeably after
three months of treatment. The Patients heterozygous
for ¢.731 T > C and homozygous for the ¢.32C > T and
c.1020A > G (Patient P1) and compound heterozygous
for ¢.26C > A and c.65A > G (Patient P4) presented the
first symptoms in childhood and in adulthood respect-
ively. Patient P1 progressed to end stage renal disease at
the age of 41 year old, whereas the renal function of the
other patients is currently normal. The clinical presenta-
tion of Patient P4 seemed to be less severe with later age
of onset and maintained renal function. The vitamin B6
palliative treatment with did not show any response for
P1 and P4. A clinical severity evaluation of the studied
patients is proposed in Fig. 4.

Discussion

The present study reported clinical and molecular ana-
lysis of AGXT gene performed in four patients with PH1
among two non consanguineous families from Southern
of Tunisia. Direct sequencing of all AGXT gene exons
revealed the emergence of multiple mutations in com-
pound heterozygous state in the two studied families.

In Tunisia, a country characterized by a high consan-
guinity rate, most of the reported cases belong to con-
sanguineous families and were described with a single
homozygous mutation [7-9]. In this report, more than
one mutation was detected in the non consanguineous
Family F1. The ¢.731 T > C mutation (p.[le244Thr) in
exon 7, ¢.32C > T mutation (p.ProllLeu) in exon 1 and
¢.1020A > G (p. [le340Met) in exon 10 were detected in
patient P1 (the father) in the heterozygous state and in
the homozygous state respectively. Patients 2 and 3 were
compound heterozygous for the ¢.731 T > C, ¢.32C > T



Kanoun et al. BMC Nephrology (2017) 18:303

Clinical
severity
’ Haplotype
A
c.26C>A
c.65A>G
c.32C>T
|c.32C>T;c.731T>C;c.1020A>G |
¢.33_34insC|

[ €.32C>T;¢.731T>C;c.1020A>G|

Fig. 4 A schematic drawing of clinical severity evaluation of the
studied patients with different haplotypes

and ¢.1020A > G which they inherited from their father
and for ¢.33 34insC in exon 1 inherited from their
mother. In addition, patient 4 (P4), belonging to the non
consanguineous Family F2, presented only two known
nucleotide changes in exon 1, ¢.26C > A and c.65A > G
in heterozygous state which he inherited from his father
and the mother, respectively.

We have previously provided evidence regarding the po-
tential involvement of ¢.32C > T, originally described as a
common polymorphism, on PH1 phenotype [10]. The
¢.731 T > C mutation (p.Ile244Thr) and ¢.33_34insC mu-
tation (p.Lys12GInfsX156) have been reported as the two
common causative mutations of PH1 in Tunisian patients
with predominance of the ¢.731 T > C (p.Ile244Thr).
Interestingly, in the present study, two patients were com-
pound heterozygous for ¢33_34insC  mutation
(p.Lys12GInfsX156), c.32C > T (p.Prollleu), c.731 T > C
(p.lle244Thr) and ¢.1020A > G (p.lle340Met) correspond-
ing to AGT-LTM associated to p.Lys12GInfsX156.

The functional studies confirmed that Ile244Thr
mutation alone did not affect the AGT enzymatic ac-
tivity [11, 12]. However, the coexistence of this muta-
tion with ¢.32C > T (p.ProllLeu) substitution causes
a stable interaction between the AGT protein and
molecular chaperones and thus leads to the aggrega-
tion and a rapid degradation of this enzyme [12]. The
AGT activity was decreased to less than 5% in the
presence of these two variants [12]. In addition, the
¢.33_34insC mutation leads to a frameshift and pre-
mature termination. Thus, a truncated protein of 167
instead of 392 amino acids for the wild one was
generated. The homozygous ¢.33_34insC mutation
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biochemical phenotype was analyzed by previous
studies [13]. The results showed that the liver biop-
sies of individuals presenting this mutation had no immu-
noreactive protein and no catalytic activity compared to
other mutations due to peroxisome to mitochondrial mis-
targeting [13]. Several previous studies reported the pres-
ence of ¢.33_34insC in homozygous or compound
heterozygous state with ¢.508G > A (p.Glyl70Arg),
c.698G > T (p.Arg233Leu), c454 T > A (p.Phel52lle),
¢907C > T (p.GIn303X) and IVS8 + 1G > T splicing mu-
tation [13-16].

The mutational analysis in patient 4 (P4) of the Family
F2 showed the presence of reported variations ¢.26C > A
(p.Thr9Asn) and c.65A > G (p.Asn22Ser) in a compound
heterozygous state. The two variants c26C > A
(p.-Thr9Asn) and c.65A > G (p.Asn22Ser) detected in the
patient P4 at the heterozygous state, occurred in the N-
terminal tail of AGT protein. The AGT homodimer
folded into a large N-terminal domain, a smaller C-
terminal domain and a 22 amino acid long unstructured
N-terminal tail that grabs the other subunit within the
dimer. This last region represents a highly conserved
AGT subunit domain which has an important role in the
dimerization and stabilization of the two subunits [17].
Indeed, Montioli and Cellini proved that artificial amino
acid replacements in this extension create changes in
the AGT functional properties in mammalian cells in-
cluding redirection of the AGT enzyme from peroxi-
somes to mitochondria and that the N-terminal
extension plays an essential role in allowing the AGT to
reach its correct conformation and functional activity
[18]. So the coexistence of these missense changes
Thr9Asn and Asn22Ser in an important AGT protein
region may explain the patient P4 phenotype and we
may therefore hypothesize that these changes are of
functional significance and may cause alterations in the
protein structure.

The ¢.26C > A variation was reported for the very first
time by Monico et al, in 2005 [19] and soon after,
Monico et al,, (2007) relying screened blood samples in
a cohort of 55 unrelated probands with a conclusive
diagnosis of PH1 [15]. In Monico’s et al. (2007) study,
one patient was found to be in a homozygous state for
¢.26C > A. In fact, the ¢.26C > A variant was reported as
a polymorphism [20] and also as a mutation [15] which
is in accordance with our finding that revealed its ab-
sence in 100 normal alleles. The ¢.26C > A variant role
as a common polymorphism was discussed relying only
on sequence alignment data indicating that Thr at pos-
ition 9 does not affect a highly conserved amino acid
[17]. The evaluation of the effect of p.Thr9Asn on pro-
tein conformation of the mutant protein compared to
the human AGT wild-type performed in this study,
showed a difference in the overall architecture with an
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r.m.s.deviation (root mean square deviation) 0.2 A for
p.-Thr9Asn for backbone atoms compared to the wild
type.

The second variant c.65A > G (p.Asn22Ser) had also
been described as a common polymorphism with low
frequency at 0.05 despite the lack of a molecular proof
of its pathogenic effect [15]. In our research work, the
evaluation of the effect of p.Asn22Ser on protein con-
formation showed some difference in the overall archi-
tecture of the mutant proteins compared to wild-type
human AGT (rmsd = 0.44 A). The effect of c.65A > G
variant was also assessed using the MFOLD program.
Our results show that the substitution of the adenine by
guanine at position c¢.65 introduced important changes
in the overall RNA secondary structure. The mRNA
folding was evidenced to influence a diverse range of
transcription events such as pre mRNA splicing, pro-
cessing, translational control and regulation [21]. These
observations emphasize the possibility that c.65A > G
variant can destabilize the generated transcript.

Several studies reported compound heterozygous cases
in PH1 with severe symptoms [14, 22]. In our work, we
reported three compound heterozygous patients belong-
ing to two unrelated non consanguineous Tunisian fam-
ilies. The comparison of clinical severity in the PHI1
studied compound heterozygous patients was based on
the age of onset, the clinical presentation and the disease
outcome and revealed the more severe phenotype in the
patients sharing the same haplotype: compound hetero-
zygous for the ¢.731 T > C, ¢.32C > T, ¢.1020A > G and
c.33_34insC. The disease appeared the first year after
birth with recurrent urinary tract infection, multiple
urolithiasis and nephrocalcinosis with persistent hyper-
oxaluria at the age of diagnosis. This severity is corre-
lated to the presence of two mutated alleles in
compound heterozygous state leading to the production
of two deficient proteins.

Patients P1 and P4 with less severe phenotypes, were
heterozygous for ¢.731 T > C and homozygous for the
¢.32C > T and c.1020A > G or compound heterozygous
for ¢.26C > A and c.65A > G. In comparison with other
previous reports, Benhaj mbarek et al., reported on 57
Tunisian patients with PH1. In their cohort, genetic test-
ing revealed 17 patients with 1le244Thr mutation and 8
carrying the ¢.33_34insC mutation. The median age at
presentation for patients carrying the c.33_34insC muta-
tion was 3 years (range 5 months-61 years), while those
carrying the Ile244Thr mutation were older, with a me-
dian age of 13 years (range 3 months- 38 years) [8] . In
the literature, several attempts have been made to estab-
lish a genotype-phenotype relationship for PH1 based on
the disease age of onset. This disease onset age for
homozygous of the three common mutations,
¢.33_34insC, ¢.508G > A and c.731 T > C was compared
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and showed that individuals homozygous for
¢.33_34insC were affected very early [13, 23, 24]. How-
ever, the late presentation of some patients was reported
in several studies [10, 13, 16, 24]. In this study, the end
stage renal disease was only observed in Patient 1 at the
age of 41, whereas the renal function of the other pa-
tients has been normal so far. In the other reports, the
clinical features of index cases vary from early-onset
ESRD in the first year of life to recurrent or only occa-
sional stone formation in adulthood. At the time of diag-
nosis, 20 to 50% of patients had advanced chronic
kidney disease or even ESRD [3, 25]. An early diagnosis
and an appropriate conservative management of this dis-
ease can delay kidney damage as log as possible.

Conclusion

Primary hyperoxaluria is a rare metabolic disease charac-
terized by allelic and clinical heterogeneity. In this study,
we provided relevance regarding the compound heterozy-
gous mutations in non consanguineous PH1 Tunisian
families with a variable severity. The most severe pheno-
type was in patient in compound heterozygous state in-
cluding ¢731 T > C, ¢32C > T, c1020A > G and
¢.33_34insC mutation. In addition, two variations in exon
1 (c.26C > A (p.Thr9Asn) and c.65A > G (p.Asn22Ser))
were detected in a heterozygous state and described for
the first time as the cause of PH1. The identification of
the mutational spectrum of PH1 provides a rapid diagno-
sis and an appropriate management for affected patients.

Abbreviations
AGT: Alanine:glyoxylate aminotransferase; PCR: Polymerase chain reaction;
PH1: Primary hyperoxaluria type 1; rmsd: root mean square deviation

Acknowledgements

We are indebted to the patients and their families for their invaluable
cooperation and for providing the blood samples. This research was funded
by the Tunisian Ministry of Higher Education and Scientific Research.

We wish to thank Mr. Abdelmajid damak, founder and former Head of the English
Unit at Sfax National school of engineer, Tunisia, for proofreading this paper.

Funding
No funding was received for writing this study.

Availability of data and materials
All data supporting the study is presented in the manuscript or available
upon request from the corresponding author of this manuscript, Kanoun H.

Authors’ contributions

HK carried out the molecular genetic studies, the sequence alignment,
bioinformatic investigations and drafted the manuscript. FJ and FF involved
in study concept and design and revised the article for important intellectual
content. BM ensured a regular clinical follow up of the first family. AL carried
out the biochemical analyses. HM, FM and JH conceived of the study, and
participated in its design and coordination. All authors read and approved
the final manuscript.

Ethics approval and consent to participate

The ethical committee of Hedi Chaker Hospital approved in principle the
study protocol for this research. Informed consent was obtained from
patients and control individuals in accordance with the ethics committee of
Hedi Chaker Hospital (Sfax, Tunisia).



Kanoun et al. BMC Nephrology (2017) 18:303

Consent for publication
Written informed consent was obtained from the participants of the article.
For patients P2 and P3, informed consent was given by their parents.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Laboratoire de Génétique Moléculaire Humaine, Faculté de Médecine de
Sfax, Université de Sfax, Sfax, Tunisie. 2Unité de Recherche Pathologie rénale
UR1T2ES14 et Service de Néphrologie, Hopital Hédi Chaker Sfax, Sfax, Tunisia.
3Service de Pédiatrie, Hopital Hédi Chaker Sfax, Sfax, Tunisia. “Laboratoire de
Biochimie, Hopital Habib Bourguiba Sfax, Sfax, Tunisia. *Département des
Sciences de la vie, Faculté des Sciences de Sfax, Université des Sfax, Sfax,
Tunisia.

Received: 5 May 2016 Accepted: 20 September 2017
Published online: 02 October 2017

References
1. Cochat P, Rumsby G. Primary Hyperoxaluria. N Engl J Med. 2013; doi:10.
1056/NEJMc1311606.

2. Danpure CJ. Primary hyperoxaluria. In: Scriver CR, Beaudet A, Sly WS, et al,,
editors. Metab Mol Bases Inherit Dis 2001; 3323-3367.

3. Harambat J, Fargue S, Bacchetta J, et al. Primary hyperoxaluria. Int J Nephrol.
2011; doi:10.4061/2011/864580.

4. Hoppe B, Beck BB, Milliner DS. The primary hyperoxalurias. Kidney Int. 2009;
doi:10.1038/ki.2009.32.

5. Hoppe B, Langman C. A United States survey on diagnosis, treatment, and
outcome of primary hyperoxaluria. Pediatr Nephrol. 2003; doi:10.1007/
500467-003-1234-x.

6. Williams EL, Acquaviva C, Amoroso A, et al. Primary hyperoxaluria type 1:
Update and additional mutation analysis of the AGXT gene. Hum Mutat.
2009; doi:10.1002/humu.21021.

7. Belhaj R, Hayder N, Gargueh T, et al. Biochemical and molecular diagnosis of
primary hyperoxaluria type 1: Tunisian study about 15 cases. Pathol Biol. doi:
10.1016/}.patbio.2009.05.009.

8. Benhaj mbarek |, Abroug S, Omezzine A, et al. Selected AGXT gene
mutations analysis provides a genetic diagnosis in 28% of Tunisian patients
with primary hyperoxaluria. BMC Nephrol. 2011; doi:10.1186/1471-2369-12-25.

9. Chemli J, Adennabi H, Zorgati M, et al. Primary hyperoxaluria in children in
central Tunisia. Tunis Med. 2007;85:513-8.

10. Kanoun H, Jarraya F, Hadj Salem |, et al. A double mutation in AGXT gene in
families with primary hyperoxaluria type 1. Gene. 2013; doi:10.1016/j.gene.
2013.08.083.

11, Lumb MJ, Danpure CJ. Functional Synergism between the Most Common
Polymorphism in Human Alanine:Glyoxylate Aminotransferase and Four of
the Most Common Disease-causing Mutations. J Biol Chem. 2000; doi:10.
1074/jbc.M006693200.

12. Santana A, Salido E, Torres A, et al. Primary hyperoxaluria type 1 in the
Canary Islands: a conformational disease due to 1244T mutation in the P11L-
containing alanine:glyoxylate aminotransferase. Proc Natl Acad Sci U S A.
2003; doi:10.1073/pnas.1131968100.

13. Rumsby G, Williams E, Coulter-Mackie MB. Evaluation of mutation screening
as a first line test for the diagnosis of the primary hyperoxalurias. Kidney Int.
2004; doi:10.1111/.1523-1755.2004.00842.x.

14.  Williams EL, Kemper MJ, Rumsby G. A de novo mutation in the AGXT gene
causing primary hyperoxaluria type 1. Am J Kidney Dis. 2006; doi:10.1053/j.
ajkd.2006.05.022.

15. Monico CG, Rossetti S, Schwanz HA, et al. Comprehensive mutation
screening in 55 probands with type 1 primary hyperoxaluria shows
feasibility of a gene-based diagnosis. J Am Soc Nephrol. 2007; doi:10.1681/
ASN.2006111230.

16.  Spasovski G, Beck BB, Blau N, et al. Late diagnosis of primary hyperoxaluria
after failed kidney transplantation. Int Urol Nephrol. 2010; doi:10.1007/
$11255-009-9690-2.

20.

22.

23.

24.

25.

Page 10 of 10

Zhang X, Roe M, Hou Y, et al. Crystal structure of alanine:glyoxylate
aminotransferase and the relationship between genotype and enzymatic
phenotype in primary hyperoxaluria type 1. J Mol Biol. 2003;331:643-52.
Montioli R, Fargue S, Lewin J, et al. The N-terminal extension is essential for
the formation of the active dimeric structure of liver peroxisomal alanine:
glyoxylate aminotransferase. Int J Biochem Cell Biol. 2012; doi:10.1016/j.
biocel.2011.12.007.

Monico CG, Rossetti S, Olson JB, et al. Pyridoxine effect in type | primary
hyperoxaluria is associated with the most common mutant allele. Kidney
Int. 2005; doi:10.1111/}.1523-1755.2005.00267 x.

Williams E, Rumsby G. Selected Exonic Sequencing of the AGXT Gene
Provides a Genetic Diagnosis in 50% of Patients with Primary Hyperoxaluria
Type 1. Clin Chem. 2007; doi:10.1373/clinchem.2006.084434.

Addess KJ, Basilion JP, Klausner RD, et al. Structure and dynamics of the iron
responsive element RNA: implications for binding of the RNA by iron
regulatory binding proteins J Mol Biol. 1997; doi:10.1006/jmbi.1997.1377.

Li G, Xu H, Shen Q, et al. Mutational analysis of AGXT in two Chinese
families with primary hyperoxaluria type 1. BMC Nephrol. 2014; doi:10.1186/
1471-2369-15-92.

Amoroso A, Pirulli D, Florian F, et al. AGXT gene mutations and their
influence on clinical heterogeneity of type 1 primary hyperoxaluria. J Am
Soc Nephrol. 2001;12:2072-9.

Frishberg Y, Rinat C, Shalata A, et al. Intra-familial clinical heterogeneity:
absence of genotype-phenotype correlation in primary hyperoxaluria type 1
in Israel. Am J Nephrol. 2005; doi:10.1159/000086357.

Harambat J, van Stralen KJ, Espinosa L, et al. Characteristics and outcomes
of children with primary oxalosis requiring renal replacement therapy. Clin J
Am Soc Nephrol. 2012; doi:10.2215/CIN.07430711.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1056/NEJMc1311606
http://dx.doi.org/10.1056/NEJMc1311606
http://dx.doi.org/10.4061/2011/864580
http://dx.doi.org/10.1038/ki.2009.32
http://dx.doi.org/10.1007/s00467-003-1234-x
http://dx.doi.org/10.1007/s00467-003-1234-x
http://dx.doi.org/10.1002/humu.21021
http://dx.doi.org/10.1016/j.patbio.2009.05.009
http://dx.doi.org/10.1186/1471�2369�12-25
http://dx.doi.org/10.1016/j.gene.2013.08.083
http://dx.doi.org/10.1016/j.gene.2013.08.083
http://dx.doi.org/10.1074/jbc.M006693200
http://dx.doi.org/10.1074/jbc.M006693200
http://dx.doi.org/10.1073/pnas.1131968100
http://dx.doi.org/10.1111/j.1523-1755.2004.00842.x
http://dx.doi.org/10.1053/j.ajkd.2006.05.022
http://dx.doi.org/10.1053/j.ajkd.2006.05.022
http://dx.doi.org/10.1681/ASN.2006111230
http://dx.doi.org/10.1681/ASN.2006111230
http://dx.doi.org/10.1007/s11255-009-9690-2
http://dx.doi.org/10.1007/s11255-009-9690-2
http://dx.doi.org/10.1016/j.biocel.2011.12.007
http://dx.doi.org/10.1016/j.biocel.2011.12.007
http://dx.doi.org/10.1111/j.1523-1755.2005.00267.x
http://dx.doi.org/10.1373/clinchem.2006.084434
http://dx.doi.org/10.1006/jmbi.1997.1377
http://dx.doi.org/10.1186/1471-2369-15-92
http://dx.doi.org/10.1186/1471-2369-15-92
http://dx.doi.org/10.1159/000086357
http://dx.doi.org/10.2215/CJN.07430711

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and families
	Molecular approach
	DNA extraction
	PCR amplification and DNA sequencing
	The sequence alignment
	Secondary structure analysis
	Prediction of possible impact of an amino acid substitution


	Results
	AGXT gene mutational analysis and Bioinformatic investigations
	AGXT mutation analysis in family F1
	Bioinformatic investigations of the detected variants
	AGXT mutation analysis in family F2 revealed two nucleotide changes in the AGT protein N-terminal region
	Bioinformatic evaluation of the effect of c.26C > A and c.65A > G variants on RNA secondary structure and protein conformation

	Clinical severity evaluation of the compound heterozygous studied patients
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

