Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

UCL-Institute of Neurology

MSc program in clinical Neurology

Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis, a report submitted as partial

fulfillment criteria for MSc.

Ali Alsanousi

MSc Student Clinical Neurology

Supervised by: Dr. Simon Heales

Neurometabolic Unit

National Hospital of Neurology and Neurosurgery
QueemrSquare

July/2008

UCL-Institute of Neurology
National Hospital for Neurology and Neurosurg;
Neurometabolic Unit

MSc Clinical Neurology
FOR 2007/08

REFERENCE ONLY



UMI Number: U593697

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Dissertation Publishing

UMI U593697
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ROCKEFELLER.
MEDICAL LIBRARY,

T



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

Dedication

To the soul and spirit of my father Elfatih Alsanousi,

To my mother Rabab Alsanousi,

To all children and families suffering from seizures and mental retardation.

UCL-Institute of Neurology
National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

ACKNOWLEDGMENTS

I would like to express my sincere gratitude to:

Dr. Simon Heales, my scientific supervisor who has been a source of
knowledge, advice, support, and inspiration. My gratitude also for
introducing me to the fascinating field of neurometabolic disorders. His
immense knowledge in the field of Neurometabolics and his positive
criticisms throughout this study has been extremely valuable. His friendly
attitude has surrounded him with pleasant and qualified people that helped
him to create an excellent working atmosphere.

Professor Simon Shorvon, the director of the MSc program of clinical
Neurology, for introducing and guiding me through the exciting field of
Neurology with the best clinical training and practice, and allowing me and
my colleagues to work at this excellent research institute. His advices and
help were extremely valuable during the MSc program.

Dr. John Land for the kind advice and morale support and encouragement
during my stay in the Neurometabolic unit.

Dr.Mary Reilly the most dedicated consultant I have met in my life; she has
been always offering me the best clinical Neurology training during my stay
in Peripheral Nerve Department; I spent the most valuable time in her clinic; I
should acknowledge her and Dr.Mike Lunn in any work that I will do in the
future in this field.

Dr. Caroline the one who has been always helpful by being our main
guidance in research training through out this course.

Dr. Keith Hyland (Horizon Molecular Medicine, Atlanta, GA, USA) who
gifted us two samples of CSF from his Lab.

The Education unit and the Library staff: Ms. Daniela Warr, Ms.Jaen Reynolds
Ms. Barbara Harder and Ms. Kate Burnskill for their help and for the friendly
academic atmosphere, they should be acknowledged because they are doing
their best always to conduct an excellent service.

The Neurometabolic unit staff Dr.Jan Hargreeves and Mr. Marcus
Oppenheim for the stimulating discussions and nice company.

Professor Imad Fadal Mula my kind supervisor in Sudan at Al Neelain
University for his great help and support along my post graduate life. For the
financial support I wish to thank the Faculty of postgraduate studies at Al
Neelain University and the training department at the Ministry of High
Education and Scientific Research.

UCL-Institute of Neurology
National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

ACKNOWLEDGMENTS 3
LIST OF TABLES 6
L1ST OF FIGURES 7
ABSTRACT 8
INTRODUCTION 10
1.1 ADSL Enzyme structural and genetic features 15
1.2. ADSL thermal Stability and catalytic activity 20
1.3 ADSL and antiretroviral activity 20
1.4 ADSL deficiency and disease pathogenicity 21
1.5. Clinical Features 23
1.5.1 Mental retardation 24
1.5.2 Autistic features 25
1.5.3 Dysmorphic features 25
1.5.4 Seizures and Epileptic encephalopathy 26
1.5.5 Developmental delay and Growth retardation 26
1.5.6 Muscular problems 26

1.6 ADSL deficiency diagnosis 27
1.6.1 Biochemical diagnosis 27
1.6.2 Radiological features 28

1.7 Treatment 35
1.8 Prognosis 36
2. RATIONALE AND OBJECTIVES 37
2.1 Rationale of the Study 37
2.2 Objectives 37
3. MATERIALS AND METHODS 39
3.1 Sample selection 39
3.2 Methods 39
3.2.1 High performance liquid chromatography (HPLC) 39
3.2.1.2 The Current HPLC method development 40

UCL-Institute of Neurology
National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

3.2.1.2.1 Apparatus and instrumentation

3.2.1.2.2 Summary of HPLC testing condition
3.2.1.2.2.1 Testing condition
3.2.1.2.2.2 Anion exchange SAX Column specification...........ccevrene..
3.2.1.2.2.3 HPLC mobile phase preparation for detection of S-Ado....

3.3 Calibration

3.4 Recovery

3.5 Application of high performance liquid chromatography .................

3.5.1 Disadvantage
3.5.2 Mobile phase
3.5.3 The Column

3.5.4 Sample injection system

3.5.5 Solvent delivery systems
3.5.6 The Detector

4. RESULTS

5. DISCUSSION
6. REFERENCE LIST
7. ABBREVIATION List
8. APPENDICES.

UCL-Institute of Neurology

National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

LIST OF TABLES
Table 1.1, ..e ittt e et e e e e e e n e ra e e aaan 24
Table 1.2.. ..t et e e e e e e e e e e aanan 31
B 1) 2 U 44
Table 3.2.. . e 46
Table 4.1 et aenas 54
Table 4.2. ..o e ane 55
Table 4.3..... et 55
Table d4..... ... 61
6
UCL-Institute of Neurology

National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

LIST OF FIGURES

Figure 1......oooiiiii e 12
FIgure 2......coouiiiiiii e, 13
Figure 3. 17
Figure 4. 23
FIgure 5......oouiiiiii e 29
FiGUIe 6....coeiiii e 30
FIGUIE 7. e 44
FIGUre 8....ooeenii e 45
FIgUre 9. e, 54
Figure 10........oooiii e 55
Figure 11 ... 35
Figure 12. ... e, 57
Figure 13. ... e 59
Figure 1. ..o e 60
UCL-Institute of Neurology

National Hospital for Neurology and Neurosurgery
Neurometabolic Unit



Adenylosuccinate Lyase Deficiency- A cause of seizures in children
Development of an assay for its diagnosis

ABSTRACT

Background

Adenylosuccinate Lyase (ADSL) Deficiency is one of the rare causes of
neonatal and infantile seizures. This condition results from autosomal
recessive mutations in the gene coding for the enzyme ADSL, mapped to
human chromosome 22q13.1-13.2. The ADSL enzyme plays an important role
in the de novo pathways of purine metabolism and thus deficiency, and/ or
decreased catalytic activity of this enzyme is manifested in form of repeated
seizures in early childhood. Other neurological symptoms and signs may be
present, such as psychomotor retardation, autistic features, axial and
peripheral hypotonia, and muscle atrophy and secondary feeding problems
leading to severe growth retardation.

Although ADSL deficiency is considered a rare cause of childhood epilepsy
and only 50 cases have been reported till now world wide, the magnitude of
the problem can not be determined unless rapid accurate diagnostic test is
introduced, especially, in communities with high rate of consanguinity.
Fortunately, several reports have given a hint for Succinyladenosine or S-Ado
as a new promising diagnostic marker for this disorder. This information may
have enormous impact in the era of enzyme replacement therapy and thus
this condition could be to some extent preventable, once proper genetic
counseling and testing for carriers of the mutations in families with this
condition is possible. In the present study we aimed to develop and validate a
new HPLC method for the detection of S-Ado in the CSF.

Material and Methods

HPLC system with anion exchange Sphere Clone 5u SAX (250 x 4.6) has been
developed using synthetic S-Ado in different concentrations to obtain the linear
calibration curve.

A total of 23 CSF samples were obtained from 23 patients, 12 females (52.2%), 11
male (47.8%), age ranging between 1-16 years, are processed for measurement of
S-Ado using the currently developed HPLC system. All patients were referred to
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the Neurometabolic unit at the National Hospital for Neurology and
Neurosurgery during the year 2005 with seizures except 2 samples form known
ADSL deficiency male patients received as gift from Dr. Keith Hyland (Horizon
Molecular Medicine, Atlanta, GA, USA). We considered the presence of RBCs or
hemolysis in the CSF as exclusion criteria.
Outcome and Results
A rapid, accurate, in addition sensitive and specific HPLC system with anion
exchange SAX column, to detect S-Ado in CSF of patients with ADSL deficiency
has been successfully developed and validated. The total time for the test <15
minutes, and the method validation was achieved by measuring the S-Ado
concentration in the CSF of 21 unknown patients presented to the
Neurometabolic unit, the observed S-Ado reference range concentration for these
cases was found to be varying between (0.55 to 2.361M). None of the randomly
selected disease control cases showed an abnormal S-Ado concentration, whereas
the two CSF samples for known cases of ADSL deficiency have shown very high
concentrations (356.8 and 357.1 uM) of S-Ado compared with non-ADSL patients.
Recovery of S-Ado from spiked CSF after addition of a known concentration
(10uM) was achieved by with very high accuracy (range 92%-100%)i.e. greater
than 98% in average .The physical properties of S-Ado were found to be stable
substance in different and wide range of store temperature i.e. in (-80°C) and also
when stored at room temperature (20.8°C), for more than 24 hours .Thus an age
related reference range was established for S-Ado in the CSF and the statistical
analysis showed no significant cumulative effect of the age or the sex on this
reference range. The study was completed within total of 3 month duration, and
mean intraday variation was < 5% and the interday variation was <10%.
Conclusion: the current method is sensitive; specific and enables rapid reliable

detection of S-Ado in the CSF of patient with ADSL deficiency in <15 min.
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INTRODUCTION

Adenylosuscinate Lyase (ADSL) deficiency is a rare neurometabolic disease
inherited as autosomal recessive trait. The data available reports only sixty
cases, but the disease was not reported yet in many countries and many
ethnic groups indicating that ADSL deficiency is probably under diagnosed
[Kohler et al., 1999].

The disease manifests clinically with psychomotor and growth retardation
associated with autistic features of various degrees, convulsions, and
muscular dystrophy associated with hypotonia [Van Den Berghe et al., 1997].
Those features are associated and directly related to the accumulation of the
dephosphorylated substrates of the enzyme ADSL,which are
succinyladenosine (S-Ado) and amino-imidazole succinocarboxiamide
riboside (SAICAr) in body fluids [Jaeken and Van Den Berghe, 1984].

These two dephosphorylated substrates are succinylpurines not detectable in
cerebrospinal fluid of normal subject and detectable only in ADSL deficient
patients and both are products of dephosphorylation reaction mediated by

the cytosolic enzyme nucleotidase [Van Den Berghe et al., 1997].

In addition to that, confirmation of enzymatic assays in different tissue
including the liver, kidney, and muscles, but not the brain tissue, was all
performed previously. All experiments in those assays provided evidence for
ADSL deficiency with accumulation of S-Ado and SAICAr [Jaeken et al.,

1988;Jaeken et al., 1992].
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Adenylosuccinate (S-AMP) is dephosphorylated by the ADSL enzyme to
Succinyladenosine (S-Ado) while amino-imidazole succinocarboxiamide
ribotide (SAICAribotide) is dephosphoralated by the same enzyme to amino-
imidazole succinocarboxiamide riboside (SAICAr) [Van Den Berghe et al.,
1997].

Interestingly, the higher levels of S-Ado were first reported in 1977 in the
urine of patients with colon carcinoma; the author attributed these higher
levels of S-Ado to relative increase of ADSL within the tumor and
recommended its use as neoplastic marker [Chheda, 1977].

The ADSL enzyme plays central and important role in de novo synthesis of
purines as well as the purine nucleotide cycle [Van Den Berghe et al., 1997].
The role of ADSL in the de novo synthesis of purines is to catalyze the
nonhydrolytic reaction results in formation of the fumarate from a succinyl

group; as well as the phosphorylation of SAICAr into (SAICA ribotide)

(Figure 1).
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[Redinbo et al., 1996]

Fig. 1. The two reactions in de novo purine biosynthesis catalyzed by
adenylosuccinate lyase (ASL). A: Ninth step in the 11-step de novo bio-
synthesis of IMP from ribose.S-phosphate. B: Second step in the con-
version of IMP to AMP.
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In contrast to the role of ADSL in the de novo synthesis of purine, its role in
purine nucleotide cycle mediate the conversion of SSAMP into AMP, but this
step needs the action of the enzymes adenylosuccinate synthetase and AMP
deaminase (Figure 2).

In a correlation study between ADSL enzyme mutations and the enzyme
activity; about 33% of the mutations were found to be thermolabile, while the

majority of the mutations proved to be thermostable and only one mutation
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defect (del206-218) was found inactive with the two substrates SSAMP and
SAICAR [Race et al., 2000].

The thermolabile mutations reported included (M26L, R426 and T450S) while
the themostable mutation were (A2V, R141W, R303C and S395R) [Race et al,,
2000].

Four subtypes of the disease have been described in the literature. In these
subtypes the clinical severity varied with variation of the enzymatic
deficiency. Thus classification is now entirely depends on the disease severity

[Jaeken et al., 1988].

Epilepsy and mental retardation are usually severe in typel ADSL deficiency,
while moderate mental retardations, and mild autistic features seen in type2
ADSL deficiency [Jaeken et al., 1988].

Other subtypes expected to present with very mild autism and mental
retardation and mostly compatible with life. The clinical phenotype has been
correlated with the genotype and also with the biochemical phenotype [van

den Berghe et al., 1993].

Although neurotoxicity of the substrates of ADSL enzyme have been
suggested and evidenced by experimental animal studies the most probable
explanation for the wide variation in the clinical phenotype is the variation in
the enzymatic deficiency of ADSL or the residual enzyme activity [Race et al.,
2000].

Due to this wide variation in the clinical phenotype it seems that the disease

exhibiting an iceberg phenomena and only the tip of the pyramid can be seen;
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this warrants screening for patients presenting with seizures, mental
retardation or psychomotor delay of unknown cause [van den Berghe et al,,
1993].

Although S-Ado is proposed to be a marker for ADSL deficiency, it is not a
neurotoxic substance and may has a protective role, as it is detectable in very

high concentrations in relatively mildly affected patients [Kohler et al., 1999].

1.1 ADSL Enzyme structural and genetics features
Adenylosuccinate lyase enzyme is a homotetramer bifunctional enzyme,
acting in both the de novo purine synthesis and purine nucleotide recycling
pathways[Kmoch et al., 2000].

ADSL is a member of metabolic enzymes superfamily known as fumarse
enzymes, as all members of this family catalyze reactions with fumarate as
one of the products. Other members include aspartase (EC 4.3.1.1), fumarse
(EC 4.2.1.2), argininosuccinate lyase (EC 4.3.2.1), d-crstallin and 3-carboxy-cis,
cis-muconate lactonizing enzyme (CMLE; EC 5.51.5) [Yang et al., 2004].
Any member of this family exhibit low sequence homology, but they have
strikingly similar tertiary structures[Toth and Yeates, 2000].

The most significant structural difference across the enzyme superfamily
seen in domain D1 and D3 while all of them retained highly conserved
structure of the core D2.( Fig.3) These structural differences correlate to
differences in the substrates of the enzymes superfamily [Toth and Yeates,
2000].

15
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The active site of ADSL is wide so it accommodates its bulky substrates, when

compared with the enzyme fumarse C which has smaller substrate so its

active site cleft is also smaller[Toth and Yeates, 2000].

The active site of enzyme member of the fumarase family is in close proximity

to the signature sequence, which is highly conserved sequence found in
residue 284-303 of human ADSL[Kmoch et al., 2000].

The subunits of this enzyme have a molecular weight of 52 KDa; the
structures of this enzyme have been determined by using thermotoga
marittima and pyrobaculum aerophilum at 1.8 and 2.1A" respectively.

The structural features of ADSL from sapiens, Bacillus subtilis ,T.maritima
and P.aerophilum appear remarkably similar [Lee et al., 1999] .

The gene coding for ADSL enzyme consist of 13 exons spaning 23 kb.
Experimental studies showed that ADSL enzyme can expressed from

complete ADSL cDNA and the isoform has been produced by alternative

splicing by skiping exon 12, interesting only the unspliced form was found to

be active[Kmoch et al., 2000].

UCL-Institute of Neurology
National Hospital for Neurology and Neurosurgery
Neurometabolic Unit
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Adopted from Molecular Genetics and Metabolism 89 (2006) 19-31[Spiegel et al., 2006]

|

o
-

>
=
o

7

Fig. 3. (A) An overlay of the B. subtilis adenylosuccinate lyase and the human enzyme (white) models.
(B) Homology model of B. subtilis adenylosuccinate lyase based upon the T. maritima crystal structure.

ADSL deficiency is the first enzymatic deficiency detected in de novo synthesis
of purine metabolism [Jaeken and Van Den Berghe, 1984].

The autosomal recessive mode of inheritance has been indicated by the
occurrence of the enzymatic defect in two families with consanguinity and
more than one child affected of both sexes [Jaeken and Van Den Berghe,
1984].The gene encoding for this enzyme maps to the long arm of
chromosome 22 at the region (22q13.1 - 22q13.2) [Van Keuren et al., 1987];
[Fon et al., 1993]. ADSL gene contains 13 exons and has approximate length of
21 Kb. The expression of this gene predicted to reveal 484 amino acid protein
[Kohler et al., 1999]. About thirty-eight mutations have been reported in more
than 40 unrelated families and originally from different ethnic groups. Most
of them are missense mutations, however substitutions or splice site

mutations were all reported [Marie et al., 1999].
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The most frequent mutation in most of the series is (R426H substitution), it
has been found in 14 European families of which nine were homozygous ones
[Marie et al., 1999].

The mutation (R426H) was reported in three patients and in every one the
disease showed severe clinical characteristics form and instability of the
enzyme structure [Race et al., 2000].

The first two German mutations reported in ADSL gene were the point
mutations (c.423C-T) and (c.620C-A) [Marie et al., 1999]. Interestingly (c.620C-
A) mutation occurs in one allele and base pair change in genomic DNA
resulted in 39 bp deletion in cDNA and expected to result in a deletion of
amino acids 206-218 in the translation process of the enzyme protein
composition [Kohler et al., 1999].

There is two exceptional mutations; 39 base pair deletion in the ADSL gene
leading to new spilce site and mechanism; and the other is not within ADSL
gene but rather a mutation in the promoter region of the ADSL gene and
found to be a nuclear respiratory factor 2(NRF-2) binding site[Spiegel et al.,
2006]. This mutation has been reported in three patients from one family they
were all presented with profound mental retardation and convulsions and it
was confirmed that their ADSL enzyme expression was reduced[Spiegel et al.,

2006).

There is a correlation between the enzyme activity and the genetic defects
suggested by the presence of a relationship between enzyme activity and the

ratio of S-Ado: SAICAR in mentally retarded patients [Race et al., 2000].

18
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The variation of the clinical features of ADSL affected families is mostly due
to different mutations, resulting in different enzymatic activity; although one
substitution mutation (Arg-His) at position 401 has been found in three
unrelated patients [Sebesta et al., 1997].

The nucleotide sequence for ADSL gene encodes for 459 amino acids with
molecular mass ~ 52 KDa ; human liver cDNA was used to determine this
structure [Stone et al., 1992]. Single nucleotide substitution (T - C) resulting in
amino acid change (Ser -Pro) at position 413 has been reported in one of the
first investigated families with ADSL deficiency [Stone et al., 1992].

Recent recombinant studies in mutant enzyme showed kinetic characteristics
similar to those of normal enzyme which denotes that ADSL gene mutations
leads in most events to structural problems and excludes catalytic defect [Van
den Bergh et al., 1993].

In a correlation study of ADSL enzyme mutations with the enzyme activity
about 33% of the mutations were found to be thermolabile , while the majority
of the mutations were found to be thermostable and only one mutation

defect(del206-218) was found thermally inactive [Race et al., 2000].

The thermolabile mutations reported were (M26L, R426 and T450S) while the

thermostable mutation are(A2V, R141W, R303C and S395R) [Race et al., 2000].

The NRF-2 has a suggested role in the regulation of purine biosynthesis; this

effect probably exerted through unclear mechanism involving the
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transcription of the nuclear genes which is presumably contributing to the

mitochondrial function[Spiegel et al., 2006].
1.2. ADSL thermal Stability and catalytic activity

The wild type of ADSL and several mutants were thermally stable at different
temperatures below 53°C for at least 60 min [Race et al., 2000].

The thermal stability of the wild type of ADSL also had been investigated in
temperatures above 35°C together with the mutant ADSL- S438P which
showed thermal stability above 25°C; in addition the mutants A2V and
R141W were also found thermally stable [Race et al., 2000].

In contrast the mutant S395R and R303C which are not thermally stable after
incubation for 5 min and 60 min consequently ;although showed at least 25%
loss of activity [Race et al., 2000].

In correlation study of profoundly retarded patients probably ADSL
deficiency type 1 resulted in structural defect leading to markedly decreased
enzyme stability ; instead of mild retarded patients with impaired S-AMP
binding and catalytic defect suggested to be positive charges effect in the
active site [Race et al., 2000].

1.3 ADSL and antiretroviral activity

Additional feature for ADSL enzyme is that it plays an important role in the
bioprocessing of anti-HIV therapeutics such as dideoxyadenosine (ddAdo) a
selective inhibitor of HIV virus replication through inhibition of virally
encoded DNA polymerase (reverse transcriptase) by the triphosphate [Mark,
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1987].(ddAdo) was found to be metabolized to its mono, di and triphospate
(ddIMP) and affects HIV virus by blocking the cytopathic effect of the
virus[Mark, 1987].The main effect of the enzyme ADSL in the (ddAdo)
metabolism is indirect through the deamination to ddIno followed by
phosphorelation of ddIno to ddIMP then reamination to dd AMP by reaction
catalyzed by ADSL enzyme [Mark, 1987].

1.4 ADSL deficiency and disease pathogenicity

The development of symptoms in ADSL deficiency remains to be clarified.
Two hypotheses have been suggested; the accumulation of toxic metabolite
such as SAICAR and A-AMP then consequently their dephosphorylated
derivatives, SAICA-riboside and S-Ado respectively; or the deficiency of
purine, especially the adenine nucleotides [Jaeken and Van Den Berghe, 1984].
In mildly affected patients the level of SAICA-riboside in body fluids are not
that different from severely affected patients; while S-Ado level is very high
even in mildly affected patients [Van Den Berghe and Jaeken, 2001].
SAICA-riboside might be the neurotoxic substance although S-Ado is not
neurotoxic but might have another effect antagonizing the toxic effect of
SAICA-riboside [Van Den Berghe and Jaeken, 2001].
The neurotoxicity of SAICA-riboside has been suggested and evidenced by
direct injection of the substance in rat's hippocampus; one of the studies and
recent investigations failed to demonstrate the neurotoxic effect of this
substance in cultured rat neurons [Stone et al., 1993;Van Den Berghe and
Jaeken, 2001].
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The interaction of succinylpurines with membrane receptors using binding
analysis technique was also investigated but also given negative results [Van
Den Berghe and Jaeken, 2001].

The remaining possibility to be considered is the intracellular accumulation of
ADSL enzyme substrates might be toxic to the neurons; and this hypothesis is
under investigation now using ADSL deficient model either by using ADSL
deficient neuronal cell lines created by knock in and mutation insertion in the
murine gene using the most frequent mutation R426H; or over expression of
mutated ADSL in mammalian cells and inhibition of ADSL by compounds

like adenylophosphonopropionate [Van Den Berghe and Jaeken, 2001].
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Figure 4. ADSL deficiency in Purine metabolism, Adopted from A. Jurecka
et al. / Molecular Genetics and Metabolism (2008).

Pathways of purine metabolism

PRPP, phosphoribosyl pyrophosphate; SAICAR, succinylaminoimidazole carboxamide
ribotide; AICAR,aminoimidazolecarboxamideribotide ;FAICAR, formyl AICAR; IMP, inosine
monophosphate; S-AMP, adenylosuccinate; S-Ado, succinyladenosine; AMP, adenosine
monophosphate; XMP, xanthosine monophosphate; GMP,guanosinemonophosphate;
ADSL,Adenylosuccinate lyase enzyme; AICAR TF, aminoimidazole carboxamide riboside
transformylase; IMP CH, inosine monophosphate cyclohydrolase; ATIC, bifunctional enzyme
ICARtransformylase/ IMP cyclohydrolase.

1.5 Clinical Features

The first British case reported in 2004 presented at 14 days neonatal age, with
a progressive neonatal encephalopathy and seizures. Marked axial and
peripheral hypotonia was also detected [Marinaki et al., 2004]. The clinical

manifestation of this disease still need to be fully documented with
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description of more case reports; this is due to the wide and variable
heterogeneousity and the interafamilial variable expression of the phenotype
firstly described in a family originally from Portugal; despite this
phenomenon is not common in neurometabolic diseases [Edery et al., 2003].

Table 1.1. Shows the frequency of ADSL deficiency common presentation.

Mental Retardation 87.5%
Seizures 80%
Autistic feature and behavior 50%
Muscular dystrophy ND
Hypotonia ND
Microcephaly 7.7%
Other dysmorphic features ND
ND: not determined

1.5.1 Mental retardation

Mental retardation is the main symptom and described in almost all children
with ADSL deficiency, with variable degree including mild to moderate and
severe type. The severe degrees of mental retardation were seen in patients
with type 1 ADSL deficiency who also present with epilepsy within or after
the first year of life [Holder-Espinasse et al., 2002].

Both of the metabolites S-Ado and SIACA riboside have been detected in the
CSF of three patients with severe psychomotor delay and autism in high
concentrations exceeding 100 micromoles/1 [Holder-Espinasse et al., 2002].
Least concentrations of both metabolites were also found in the plasma and

urine of those patients; the ADSL enzyme residual activity in one patient
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showed absent activity in the kidney and severely reduced activity of the
enzyme in liver tissue [Jaeken and Van Den Berghe, 1984].

1.5.2 Autistic features

The autistic features described includes failure to make eye-to-eye contact and
gaze impersistance, repetitive behaviour, and agitation with aggression.

These features considered one of the common manifestations of ADSL
deficiency. Autistic features are seen in 30% to 50% of those children that
shows behavioral abnormality considered autistic or semi autistic [Holder-
Espinasse et al., 2002]. In further evaluation of those patient showed
persistence of autistic feature with little improvement in eye contact [Jaeken et

al., 1988].
1.5.3 Dysmorphic features

Although dysmorphic features are not frequently reported in patients with
ADSL deficiency, microcephaly, prominent sutures, small nose and
brachycephaly were all reported [Holder-Espinasse et al., 2002].

However, microcephaly is rare among patients with ADSL deficiency and
seen in about 1/13 i.e 7.7% of all reported cases [Holder-Espinasse et al.,
2002].Other Dysmorphic features was firstly described in ADSL deficiency in
2002 ; the case report was female child for unrelated parents she present with
Brachycephaly, prominent Sutures, small nose, smooth philtrum, anteverted

nostril and thin upper lip [Holder-Espinasse et al., 2002].
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The author mentioned that those features could also be seen in patients with
other metabolic diseases, mitochondrial diseases, peroxisomal disorder or
Fetal Alcohol related toxicity [Holder-Espinasse et al., 2002].

1.5.4 Seizures and Epileptic encephalopathy

The age of onset of seizures in ADSL deficiency is variable range from
neonatal period to late infancy and childhood. Nature of seizures in ADSL
deficiency also variable including Tonic-Clonic seizures, suppression burst
and west syndrome also seen in those children [Holder-Espinasse et al., 2002].
Common feature for seizures in ADSL deficiency is the to resistance all

antiepileptic medications [Holder-Espinasse et al., 2002].
1.5.5 Developmental delay and Growth retardation

This feature is seen in some patients but always attributed to feeding
problems. Growth retardation showed improvement and some acceleration
by the use of adenine (10mg/kg per day) and Alupurinol (5-10mg/kg per

day) [Jaeken et al., 1988].
1.5.6 Muscular problems

Both muscular hypotonia and muscular dystrophy are seen in cases with
ADSL deficiency [Holder-Espinasse et al., 2002].

This clinical feature can be explained by the skeletal muscle metabolism in
which the purine metabolism cycle an unusual feature; it serves to provide
the glycolytic intermediates and also involved to replenish the citric acid cycle

when the energy demand is high.
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The adenine monophosphate (AMP) is converted to Inosine monophosphate
(IMP) by deamination. Then (IMP) is converted to adenylosuccinate and the
back to AMP (Figure 2).

ADSL deficiency affects this cycle and probably explains the muscular
dystrophy but can't explain the hypotonia.

Impaired muscle energy metabolism has been described in one patient with
ADSL deficiency this patient presented with mitochondrial dysfunction as a
result of reduced muscle energy reserve, in a form of depleted ATP level
during and after mild exercise[Spiegel et al., 2006]

1.6 ADSL deficiency diagnosis

1.6.1 Biochemical diagnosis

The basis of this diagnosis depends on presence of the normally undetectable
SAICA-riboside and S-Ado in the urine and the CSF of patients with ADSL
deficiency.

Because of the variable and heterogeneous clinical presentation of the few
number of cases reported with this condition; proper clinical phenotype could
only be described by applying wide range of simple and rapid screening
program [Van Den Berghe et al., 1997].

The screening program proposed to include all patients with autistic features
and mental retardation (psychomotor retardation) and neurological disease.
The biological tests used ADSL deficiency screening depends on

succinylpurines detection as marker. It includes Bratton-Marshal test two
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dimensional thin- layer chromatography, Silica thin-layer chromatography,
capillary electrophoresis high-pressure liquid chromatography with UV
detection. [Jaeken and Van Den Berghe, 1984].

Measurement of CSF concentration of Succinylpurines and determination of
S-Ado/SAICA-riboside ratio was the trend in some studies [Jaeken et al.,
1988].5-Ado/SAICAriboside ratio in severely affected patients is between 1
and 2 ; not like S-Ado/SAICAriboside ratio in mildly affected patient that
have S-Ado 5 folds higher; while those with intermediate clinical severity still
having ratio between 1 and 2 due to elevated level of compounds in the CSF
[Jaeken et al., 1988]. Measurement of succinylpurine concentrations in the
urine reflects their concentration and/ or ratio in the CSF [Van Den Berghe et

al,, 1997].
1.6.2 Radiological features

There is group of radiological abnormalities have been reported in ADSL
deficiency patients including hypoplasia of the cerebellar vermis, cerebral
atrophy, lack of myelination and white matter anomalies including

lissencephaly [Edery et al., 2003].

Moreover, PET images for patients with ADSL deficiency diagnosis showed
significant results interpreted as diffused profound decrease in the uptake of
flourodeoxyglucose (FDG) involving almost all cortical areas; this change was

seen in all ADSL deficiency patients included [Spiegel et al., 2006].
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The aim of the advanced functional neuroradiology studies was to find
evidence for the neurotoxicity hypothesis through structural similarity
between the succinylpurine and adenosine Al receptors; unfortunately in
humans, PET scans failed to show decreased re-uptake of FDG in the
distribution of adenosine Al receptors and adenosine re-uptake sites; despite

the marked decrease in FDG uptake in all cortical areas using PET scans for

ADSL deficient patients. [Spiegel et al., 2006].

Sever cerebral atrophy and cerebellar hypoplasis in T1 MRI image of patient
with ADSL deficiency.
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Figure 6 [Edery et al., 2003]

T2 weighted MRI showing large area of dysmelinationin in ADSL deficient patient.
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Table 1.2 Summarizes the charteristics of patients with ADSL deficiency adopted

Gender

S-Ado/SAICAR PMR

Autistic features

ND MR — Epilepsy, death at 13

vears.

1.8 (urine) Present, at 1 Present, motor Cerebellar hypoplasia,
year 3month  restlessness, hypertonicity
old, PMD<6  no eve contact,
weeks. movements

of extremities.
Severe, at 6 Present, stereotyped Epilepsy, hypertonicity,
vears old, movements of head thoracic scoliosis,
PMD< 6 weeks and contractures, spastic
tongue, sensitive to tetraplegia, severe
touch cerebral and cerebellar
hypotrophy
07 Severe Blank staring spells Epilepsy, hypotonia,
abnormal cortical
function,
Lissencephaly.

09 Severe, lack of  Severe, no eye Epilepsy, microcephaly,
motor contact, lack muscle hvpotonia
skills, suchas  of language skills,
voluntary repetitive
apprehension  behavior, stereotypic
and sitting movements of hands

1.0 PMR - Epilepsy, death at 5

months

09 Severe - Epilepsy, apnoea,

seizures, coma
encephalopathy,
seizures, h
death at 4 weeks.

097 Severe, at 27 — Hypotonia, seizures,
months old, mental retardation,
could not sit facial dvsmorphism
unaided and
had no speech

09 Severe, at 15 Mild, washing Severe muscular
months old, movements hypotonia, epilepsy,
PMD at 3-5 of hands.
months
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