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First patient in Serbia with biochemically and genetically diagnosed

pyridoxine-dependent epilepsy

Prvi bolesnik u Srbiji sa biohemijski 1 geneticki dijagnostikovanom piridoksin
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Abstract

Introduction. Pyridoxine-dependent epilepsy (PDE) is a rare
autosomal recessive inborn error of metabolism present with
early-onset seizures resistant to common anticonvulsants. PDE
has been shown to be caused by a defect of a a-aminoadipic
semialdehyde dehydrogenase (also known as ALDH7A1 or
antiquitin) in the cerebral lysine degradation pathway. Its
deficiency a-aminoadipic
semialdehyde (x-AASA), piperideine -6-carboxylate and pipe-
colic acid, which serve as diagnostic markers in urine, plasma
and cerebrospinal fluid of the disease. a-Aminoadipic
semialdehyde dehydrogenase is encoded by the ALDH7A1 or
antiquitin gene and definite confirmation of diagnosis of PDE
is made by genetic analysis. Case report. We present a first pa-
tient in Serbia who was diagnosed clinically, biochemically and
genetically. We suspected PDE due to drug-resistant seizures in
the seventh day of life when we attempted with pyridoxine.
Since that time the patient has taken pyridoxine and the seizu-
res have not recured. Our patient had markedly elevated o-
AASA in urine while on treatment with individual dosages of
pytidoxine. Molecular-genetical analysis identified mutations of
the ALDH7A1 (antiquitin) gene. Conclusion. a-AASA is reli-
able marker to select PDF patient for molecular analysis of the
ALDH7A1(antiquitin) gene. Diagnosis is confirmed by mole-
cular-genetical analysis and pyridoxine withdrawal is no longer
needed to establish the diagnosis of ,,definite PDE.
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Apstrakt

Uvod. Piridoksin zavisna epilepsija (PZE) je redak, urodeni auto-
zomno-recesivan poremecaj metabolizma sa ranom pojavom kon-
vulzija rezistentnih na uobicajene antikonvulzivne lekove. Ut
vrdeno je da je PZE posledica poremecaja a-aminoadipin semial-
dehid dehidrogenaze (poznate i kao ALDH7A1 ili antikvitin) na
putu degradacije cerebralnog lizina. Njegov nedostatak dovodi do
nakupljanja a-aminoadipin semialdehida (x-AASA), piperidin-6-
karboksilata i pipekolicne kiseline u urinu, plazmi i cerebrospinal-
noj te¢nosti, i oni se koriste kao dijagnosticki markeri oboljenja. -
Aminoadipin semialdehid dehidrogenaza je kodirana ALDH7AT1 ili
antikvitin genom i definitivna dijagnoza PZE se utvrduje ge-
netickom analizom. Prikaz bolesnika. Ovo je prikaz prvog
hemijski 1 geneticki. Na PZE smo posumnjali zbog konvulzija
rezistentnih na lekove koje su se javile sedmog dana Zivota kada
smo kod bolesnika pokusali lecenje ptimenom pitidoksina. Od po-
cetka primene pirodiksina bolesnik vise nije imao ponavljane kon-
vulzije. Bolesnik je imao znacajno povisen a-AASA u urinu tokom
lecenja pojedinacnim dozama piridoksina. Analizom na moleku-
larno-genetickom nivou identifikovane su mutacije ALDH7A1 ili
antikvitin gena. Zaklju¢ak. a-AASA je pouzdan marker za selek-
ciju bolesnika sa PZE radi molekularne analize ALDH7A1 gena.
Dijagnoza naseg bolesnika potvrdena je analizom na molekularno-
genetickom nivou i nije bilo potrebno prekidati terapiju piridoksi-
nom radi potvrdivanja dijagnoze PZE.

Kljuc¢ne reci:
epilepsija; novorodence; vitamin B6; genetiCke bolesti,
urodene; dijagnoza, diferencijalna; leCenje lekovima,; srbija.

Introduction

Pyridoxine-dependent epilepsy (PDE) is an autosomal
recessive disease which occurs in 1 in 100,000 to 700,000
individuals. At least 100 cases have been reported

worldwide '. Typically, patients present with neonatal seizu-
res, but atypical manifestations up to 3 years of age, as well
as transient response to common anticonvulsants or poor ini-
tial response to pyridoxine have been reported **. Until
recently, a definite diagnosis of PDE had been established
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upon a successful therapeutic trial with pyridoxine and further
proof of pyridoxine after a controlled withdrawal with recur-
rence of seizures . Recently, PDE has been shown to be cau-
sed by a defect of a-aminoadipic semialdehyde dehydrogenase
(also known as ALDH7A lor antiquitin, ATQ), in the cerebral
lysine degradation pathway and to catalyze the conversion of
a-aminoadipic semialdehyde (a-AASA) to a-aminoadipic
acid. a-AASA is in chemical equilibrium with piperideine-6-
carboxylic acid (P6C). P6C has been shown to inactivate
pyridoxal phosphate (PLP), the active vitamer of pyridoxine,
by a Knoevenagel condesation reaction, leading to a severe
secondary PLP deficiency. As PLP is a cofactor of various
enzymes in the central nervous system, seizures in PDE are
more probably due to a pertubation in metabolism of cerebral
amino acids and neurotransmitters ° .

Biochemically, ALDH7Alor ATQ deficiency is charac-
terizied by the accumulation of a-AASA and P6C and by the
accumulation of pipecolic acid (PA), which is formed
proximally to the primary enzyme defect. Screening for ATQ
deficiency is possible via determination of urinary or plasma
a-AASA and P6C, and of plasma PA. The diagnosis is con-
firmed by mutation analysis > .

Molecular analysis has revealed mutations of the
ALDH7Alor ATQ gene in all individuals with PDE and increa-
sed PA and/or 0-AASA in plasma or urine. Pyridoxine therapy
is life-long, but despite treatment many patients with PDE have
a disorder of psychomotor development. Gathering evidence on
the usefulness of lysine restricted diet is in progress >’ .

We report the first patient in Serbia with biochemical
and genetically diagnosed classic form of PDE.

Case report

A 6-day old boy was referred to our Neonatal Unit from
a maternity hospital due to recurrent episodes of seizures with
shrieking, starting within the first days of life. The patient was
born to a 23-year-old mother by spontaneous vaginal delivery
after an uneventful pregnancy. A full term male neonate had
3,900 g, a length of 57 cm and head circumference 37 cm
(97th percentile). At birth, his Apgar scores were 9 and 9, at 1
and 5 min, respectively. He was the first child of healthy pa-
rents without known consanguinity. In addition, there was no
family history of epilepsy or neurological disorders.

The baby was incapable of tolerating oral feedings. The
baby seizures were complex: flexion of the limbs, twisting
and jerking of the body and limbs, jerks of facial muscles
with blinking, and all accompanied by occasional screams.
When applied anticonvulsants (phenobarbital and/or midazo-
lam), the response was short-lived and seizures were repea-
ted. The first electroencephalography (EEG) performed after
a seizure that lasted 6 minutes showed a discharge of high
voltage bizarre spike-wave complexes and multiple spikes.
His lactate level was elevated (up to 12.7 mmol/L, normal <
2 mmol/L) during seizures and normal in the periods without
seizures. His ammonia level was 28 umol/L (normal 42—144
pmol/L), while urine ketones were negative. All other bioc-
hemical analyses (glycemia, calcium, magnesium, sodium,
potassium) and ultrasound examinations did not indicate the
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cause of drug-resistant seizures. After about 24 hours, an at-
tempt was made to stop drug-resistant seizures with intrave-
nous v pyridoxine at a dose of 100 mg. Apnea did not occur
during the administration of pyridoxine. EEG monitoring
was not performed simultaneously due to technical reasons.
He became seizure-free after the first dose. We continued
with the administration of iv pyridoxine, 15 mg/kg/day over
the next 7 days, and then moved on to oral administration.
By day 10 cranial magnetic resonance imaging was perfor-
med. The significance of this finding was mild cerebellar
hypoplasia and small subdural hemorrhage posteriorly.

Measurement of urinary a-AASA by electrospray ionisa-
tion tandem mass spectrometry under pyridoxine treatment
was performed at the Biochemistry Department, Institute of
Child Health in London. Urinary a-AASA level was markedly
elevated (206.46 mmol/mol creatinine; normal at age < 6
months: < 2.0 mmol/mol creatinine). To make gene analysis
and establish the cause of seizures we used the patient’s DNA.
The result of genetic analysis was performed at the Regional
Molecular Genetic Laboratory at Great Ormond Street Hospi-
tal for Children in London. Sequence analysis for mutations
associated with PDE identified that the patient was a
heterozygous for the ¢.328 C > T mutation in exon 4 of the
ALDH7AL1 gene resulting in the substitution of arginine with
stop codon at amino acid position 110 (p.Argl10*) and a
heterozygous single transversion of G > T at a highly conser-
ved donor splice site in intron 17 (¢.1566-1 G > T). Both mu-
tations have been reported previously in patients with PDE **.

After 3 weeks, the baby was discharged from the hospi-
tal in a good clinical condition with oral pyridoxine (50
mg/day). Five months after starting pyridoxine, the patient’s
EEG was normal in drowsy and sleep states. His neurologi-
cal examination showed normal head growth, truncal
hypotonia, and mildly decreased peripheral tone in the
extremities. At 12 months of age the patient’s
neuropsychological testing was done. According to Brunet
Lézin-scale development, the overall index was 83 units, i.e.
at the level of a 10-month-old infant.

Discussion

Clinical course of events in our patient suggests a clas-
sic form of PDE. Seizures occurred in the first days of life.
After admission at our Neonatal Unit anticonvulsants were
administered, but the attacks were repeated. After 24 hours,
pyridoxine was applied, and the seizures ceased completely.
During the 12 months of life on pyridoxine treatment, neither
seizures have been reported nor was EEG recorded. To make
sure that late and masked response is not missed, treatment
with oral/enteral pyridoxine should be continued until
ALDH7A1 or ATQ deficiency is excluded by negative bioc-
hemical and/or genetic testing.

For diagnostic workup of neonates and infants with
therapy-resistant seizures, many previous studies recommen-
ded serum or/and urine samples for the determination of a-
AASA and PA regardless of a therapeutic trial with
pyridoxine **"®. While a-AASA is a pathognomonic marker of
defects in the ALDH7A1 or ATQ gene, as illustrated by our pa-
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tient, PA has the disadvantage of also being elevated secondarily
in liver disease and peroxisomal defects like Zellweger
syndrome *° . In contrast, a-AASA is the primary substrate of
the affected enzyme, ALDH7A1 or ATQ, and remains more
markedly elevated than PA in plasma and urine in all patients
while on pyridoxine. Levels of urinary a-AASA in normal indi-
viduals decline during the first year of life: < 6 months: < 2.0
mmol/moL creatinine; 612 months: < 1.0 mmol/mol creatinine,
> 1 year: < 0.5 mmol/mol creatinine. Pathological values for -
AASA are several folds above the upper limit of the appropriate
reference range and seem to depend on the nature of the mutati-
on, and the child’s age, treatment with pyridoxine, and possibly
on nutritional lysine intake. In our patient urinary a-AASA level
was markedly elevated. It is important to note that PA levels in
urine normalize under treatment, and patients with mild missen-
se mutations may have near normal PA levels in plasma while
on pyridoxine **

Mutation analysis of the ALDH7A or ATQ gene is re-
commended to confirm the diagnosis. a-AASA and/or PA are
reliable markers to select PDE patients for molecular analysis
of the ALDH7A or ATQ gene. To date more than 60 different
mutations within the 18 exons of the ALDH7A or ATQ gene
at chromosome 5q31 have been published '® "% Of these, 50—
60% are missense mutations resulting in an altered amino acid
in the protein sequence. A sequence analysis has shown that
our patient is an apparent compound heterozygote for two mu-
tations both of which are highly likely to be pathogenic. Furt-
hermore, an intronic mutation, ¢.1566-1G > T, as that of our
patient, may have an increased frequency among European pa-
tients °. Prenatal diagnosis by molecular analysis is feasible in
forthcoming pregnancies > .

If seizures subside after the administration of pyridoxine,
instead of PDE, the patients may have: folinic acid-responsive

seizures (genetically identical to ATQ deficiency but not
biochemically), pyridox(am)ine phosphate oxidase deficiency,
neonatal/infantile hypophosphatasia (tissue-nonspecific alkali-
ne phosphatase deficiency), familial hyperphosphatasia
(phosphatidylinositol glycan anchor biosynthesis type V
deficiency) and hyperprolinemia type I >°. Importantly, these
affected patients with pyridoxine responsive seizures haven’t
elevations in a-AASA in plasma and/or urine. Detection of
elevated levels of this organic acid is a sensitive marker for
PDE. While a-AASA was first thought to be a specific bio-
marker for PDE, recent research has demonstrated that o-
AASA is also elevated in patients with molybdenum cofactor
deficiency (MoCoFa) and isolated sulfite oxidase deficiency
(SOX) ™. In patients with elevated levels of a-AASA, these
latter two conditions may be differentiated from PDE by mea-
suring urinary sulfite/sulfocysteine levels. MoCoFa and SOX
deficiency are serious and often fatal diseases for wich no ef-
fective therapy has been available until cyclic pyranopterin
was used successfully in a patient with MoCoFa ' .

Conclusion

The diagnosis of PDE is not routine and requires signi-
ficant involvement of medical personnel, so that the patient
could receive appropriate treatment. Clinical diagnostic ap-
proach to PDE can now be replaced by measurement of reli-
able diagnostic marker. Our patient with possible PDE was
diagnosed according to the elevated concentrations of
urinary a-AASA and did not undergo the risk of a diagnostic
pyridoxine withdrawal. So far all published PDE patients
with mutations of 47Q gene have had neonatal onset of sei-
zures. Future studies are needed to investigate genotype-
phenotype correlation of PDE.
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