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Nonketotic
Hyperglycinemia:
Proposal of

a Diagnostic and
Treatment Strategy

Yuka Suzuki, MD*, Shigeo Kure, MD',
Masaaki Oota, MD*, Hitomi Hino, MD*, and
Mitsumasa Fukuda, MD*

Early myoclonic encephalopathy presents neonatally
with fragmented myoclonus and a suppression-burst
electroencephalography pattern. We describe a new-
born boy with early myoclonic encephalopathy caused
by nonketotic hyperglycinemia. He presented with
severe hypotonia, progressive apneic episodes, and
erratic myoclonus. Screening of deletions in GLDC,
using the multiplex ligation-dependent probe amplifica-
tion method, and a >C breath test confirmed the diag-
nosis of nonketotic hyperglycinemia. Treatment with
the N-methyl-p-aspartate receptor antagonist ketamine
exerted dramatic suppressive effects on his seizures,
and ameliorated his clinical status. © 2010 by Elsevier
Inc. All rights reserved.

Suzuki Y, Kure S, Oota M, Hino H, Fukuda M. Nonketotic
hyperglycinemia: Proposal of a diagnostic and treatment
strategy. Pediatr Neurol 2010;43:221-224.

Introduction

Nonketotic hyperglycinemia, also known as glycine en-
cephalopathy (Mendelian Inheritance in Man 605899), is
an inborn metabolic disorder caused by a glycine cleavage
system deficiency. The glycine cleavage system is a mito-
chondrial enzymatic complex consisting of four distinctive

proteins (P, H, T, and L). The majority of confirmed muta-
tions were discovered in genes encoding the P and T pro-
teins. The typical neonatal form of nonketotic
hyperglycinemia is characterized by lethargy, apnea, and
myoclonic jerks in the early neonatal period. Some patients
die during the newbom period, and survivors exhibit severe
mental retardation and intractable seizures.

In patients with nonketotic hyperglycinemia, the dys-
function in the glycine cleavage system leads to glycine ac-
cumulation in all body compartments. Glycine acts as an
inhibitory neurotransmitter in the brainsten and spinal
cord, and as an excitatory neurotransmitter via the
N-methyl-p-aspartate receptor in the cerebral cortex. The
neurologic damage associated with nonketotic hyperglyci-
nemia is mostly attributed to N-methyl-D-aspartate receptor
overstimulation. The standard treatment strategies for
nonketotic hyperglycinemia include a reduction of glycine
by sodium benzoate [1], and a blockade of the N-methyl-
D-aspartate receptor by the N-methyl-pD-aspartate receptor
antagonists dextromethorphan and ketamine [2,3].
However, no treatments have been proven to prevent
neurologic sequelae. Here, we describe the clinical and
electroencephalographic features of a patient with
nonketotic hyperglycinemia whose seizures demonstrated
dramatic responses to treatment with N-methyl-p-aspartate
receptor antagonists. He was genetically confirmed to be
a compound heterozygote diagnosed by the method of
multiplex ligation-dependent probe amplification.

Case Report

A 3-day-old Japanese boy was transferred to our neonatal intensive care
unit because of repetitive seizure-like movements and frequent apnea.
Three days before admission, the boy was bom at full term after a normal
pregnancy and delivery. His birth weight was 2885 g, and his Apgar scores
were 9 at 1 minute and 10 at 5 minutes. Immediately after birth, he ap-
peared well, and manifested no signs of distress. Over the next several
hours, poor sucking and apneic episodes became apparent, and assisted
ventilation was initiated on the next day. On admission, he was markedly
hypotonic, without spontaneous breathing or movements. Deep tendon re-
flexes were not elicited, but repetitive myoclonic responses were induced.
Magnetic resonance imaging revealed hypoplasia of the corpus callosum
and cerebellar vermis. Over the next week, he remained unresponsive
and flaccid, without any sedative medications. His erratic myoclonus pro-
gressively worsened, and tonic posturing often appeared in quick succes-
sion after myoclonus. An electroencephalographic study demonstrated
a suppression-burst pattern. At times, the paroxysmal bursts were roughly
synchronous with myoclonus, whereas at other times, fragmented myoclo-
nus appeared without electroencephalographic associations. The electroen-
cephalographic and clinical features were consistent with a diagnosis of
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early myoclonic encephalopathy [4]. Analyses of blood and cerebrospinal
fluid amino acids performed on day 21 revealed elevated glycine levels and
ratios of cerebrospinal fluid to plasma glycine (Table 1). We rendered
a clinical diagnosis of nonketotic hyperglycinemia, and treatment with so-
dium benzoate (150 mg/kg) orally and ketamine (0.8 mg/kg) intramuscu-
larly was initiasted at 30 days of age. His muscle tone gradually
improved, and he was successfully extubated at age 45 days. Subsequently,
a [1-"*CJglycine breath test performed at age 30 days indicated a decreased
13C0, excretion of 7.9% (normal range, 24.1% =+ 4.0%) during 5 hours,
which implied reduced glycine cleavage system activity [5]. Mutation anal-
yses of GLDC collected on day 34 demonstrated compound heterozy gos-
ity, with a missense mutation of ¢.1382G>A, which resulted in an amino
acid change of p.R461Q), and a large deletion involving all GLDC exons
1-25 (Fig 1). Based on these findings, we made a definitive diagnosis of
nonketotic hyperglycinemia. Ketamine was then replaced with dextrome-
thorphan (9 mg/kg). He manifested almost no seizures (including myoclo-
nus and tonic seizures). His electroencephalogram indicated a continuous
pattern consisting of medium-voltage # and J range activities, without clear
epileptiform discharges.

At age 3 months, the patient was able to respond to sounds and follow
objects horizontally with his eyes, and he was discharged from the hospital.
At age 4.5 months, he began to manifest frequent seizures, and appeared to
lose interest in feeding. At age 5 months, his erratic myoclonic seizures be-
came nearly continuous, and repetitive truncal myoclonus was often fol-
lowed by tonic seizures. His electroencephalogram revealed an
alternating pattem without complete suppression periods. Based on high
levels of glycine in his blood and cerebrospinal fluid (Table 1), ketamine
was reintroduced. On the next day, the frequencies of his seizures were
greatly reduced and he became more alert. Although his consciousness
did not return to baseline level, he became relatively alert and could re-
spond to external stimulations. He is now 10 months old, with developmen-
tal milestones appropriate to 5-6 months of age, and his seizures have been
relatively well controlled with an increased dose of dextromethorphan.

Discussion

Early myoclonic encephalopathy is characterized by
a very early onset of erratic myoclonus in the neonatal pe-
riod. The main ictal phenomena include partial or frag-
mentary massive myoclonus, partial motor seizures, and
the frequent late occurrence of repetitive tonic spasms.
Early myoclonic encephalopathy is typically associated
with underlying metabolic disorders, such as nonketotic
hyperglycinemia, but most early myoclonic encephalopa-
thy cases are cryptogenic [4]. Although both early
myoclonic encephalopathy and nonketotic hyperglycine-
mia cases were previously reported, particular treatment
strategies, depending on the underlying disorders, are not
yet fully understood.

The clinical signs and seizures of our patient were dramat-
ically ameliorated by ketamine, an AN-methyl-D-aspartate
receptor antagonist, during the newbom period and at

5 months of age. All his seizures (including complex partial
seizures, tonic seizures, and myoclonus) were controlled
with ketamine, independent of cerebrospinal fluid glycine
levels. Therapy with the N-methyl-pD-aspartate receptor an-
tagonist was reported to exert beneficial effects on glycine
inhibitory signs such as hypotonia and apnea [2,3].
However, little attention has been paid to the therapeutic
benefits of administering the N-methyl-p-aspartate receptor
antagonist for glycine excitatory signs such as seizures [6].
Ketamine is a noncompetitive N-methyl-p-aspartate recep-
tor antagonist, whereas dextromethorphan is a competitive
N-methyl-p-aspartate receptor antagonist. Changing the
treatment from dextromethorphan to high dose ketamine
successfully suppressed all of the patient’s seizures, includ-
ing partial as well as myoclonic and tonic seizures. The
N-methyl-p-aspartate receptor plays an important role in
the pathophysiology of seizures in various neurologic disor-
ders. The inhibition of N-methyl-p-aspartate receptor over-
stimulation can constitute an efficient treatment for other
types of intractable seizures [7]. The mechanism by which
glutamatergic N-methyl-p-aspartate receptor hyperexcitabil-
ity contributes to the pathophysiology of early myoclonic
encephalopathy remains to be elucidated.

Previously, the clinical diagnoses of nonketotic hyper-
glycinemia in a limited number of patients were confirmed
by genetic testing [8]. With the exception of a Finnish pop-
ulation, no common mutations were evident, and the full
sequencing of the 25 exons of the GLDC gene is laborious.
A nonconsanguineous patient is likely to constitute a com-
pound heterozygote because the mutation spectrum of non-
ketotic hyperglycinemia is highly heterogeneous. The
reported GLDC mutations include not only many base sub-
stitutions, but also various lengths of deletions involving
multiple exons. These conditions complicate the genotyp-
ing of GLDC. Recently, a screening system for genomic
deletions within GLDC was established, using the multi-
plex ligation-dependent probe amplification method [9].
With this screening method, the deletion of all 25 GLDC
exons was detected in our patient. A missense mutation,
p.R461Q), was also revealed by sequencing the other allele.
The patient was revealed to be a heterozygote for the dele-
tion of all 25 GLDC exons and a missense mutation.

Our patient manifested initial clinical signs within a few
days of birth, which is consistent with findings in the classic
neonatal form of nonketotic hyperglycinemia. Although we
confirmed the elevation of his glycine cerebrospinal fluid/
plasma ratio at age 22 days, increased glycine levels are

Table 1. Concentration of glycine in CSF and plasma

Day 22
CSF glycine concentration (reference range: 2.9-10.4) uM 150.9
Plasma glycine concentration (reference range: 56-308) uM 1274
CSF/serum glycine ratio (reference range: <0.04) uM 0.11

Abbreviation:
CSF = Cerebrospinal fluid

Day 38 Day 74 Day 168 Day 220
76.2 587 69.8 150.4
310 411.5 581.8 911.9
0.24 0.14 0.12 0.16
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Figure 1. Multiplex ligation-dependent probe amplification analysis. (A) Multiplex ligation-dependent probe amplification analysis of a control subject.
Each peak represents fluorescence signal of exons of GLDC, AMT, GLDCP, and EXT2 with chromatogram (E, EXT2; Al, A4, and A9, exons 1,4, and
9, respectively, of AMT; P, GLDCP; GI-G25, exons 1-25 of GLDC). Abscissa represent amplified fragment length polymorphism. (B) Multiplex
ligation-dependent probe amplification analysis of this patient. The G1-G25 peaks reach approximately half the ordinate values of those of a control subject,

indicating heterozygotic deletion of all 25 GLDC exons.

evident in other pathologic conditions. The confirmation of
a deficiency in glycine cleavage system activity is therefore
required for a definitive diagnosis of nonketotic hyperglyci-
nemia, and calls for a relatively large amount of liver tissue
obtained through a biopsy. Such invasive procedures can be
difficult to perform for patients in poor general condition.
Furthermore, the glycine cleavage system enzymatic activ-
ity assay can only be performed in a few laboratories world-
wide. The metabolism of glycine by the glycine cleavage
system leads to CO; production, and CO, production can
therefore reflect glycine cleavage system activity [5]. Con-
sequently, we used the novel 1>C-glycine breath test to eval-
uate glycine cleavage system activity, and this procedure
required only 14 days for analysis. Subsequently, we could
proceed confidently with targeted treatments after confirm-
ing the clinical diagnosis of nonketotic hyperglycinemia via
this rapid, noninvasive '*C-glycine breath test. A 1*CO, an-
alyzer, involving infrared spectrophotometry, has been
widely distributed for the diagnosis of Helicobacter pylori
infection. Therefore, this '*C-glycine breath test can be
readily performed in many hospitals [5S]. When nonketotic
hyperglycinemia is suspected, we suggest that this novel
'3C-glycine breath test should be performed for confirma-
tion, after the analysis of glycine levels in the blood and ce-
rebrospinal fluid.

To date, no reliable genotype-phenotype correlations
have been published in cases of nonketotic hyperglycemia
{10]. However, a lack of genotype-phenotype correlations
was derived from a limited number of genetically diagnosed
cases. More patients can be genetically diagnosed using the
multiplex ligation-dependent probe amplification analysis

[8,9]. Our patient was a compound heterozygote of
a missense mutation, p.R451Q, with the deletion of the
entire GLDC gene. These findings suggest that he may
manifest either null or very low residual glycine cleavage
system activity, which is in agreement with his low
cumulative recovery rate of 7.9% in the novel *C-glycine
breath test. Definitive genetic and enzymatic diagnoses
using these novel methods can be important in genetic
counseling. Therefore, we encourage performing multiplex
ligation-dependent probe amplification analysis for genetic
confirmation after clinical and enzymatic diagnosis. To pro-
vide a longer term and more accurate prospect of lifelong
prognosis, we need to accumulate further information for
genotype-phenotype correlations, using fast and reliable
testing.

We acknowledge and greatly appreciate the genetic study performed by
Junnko Kanno, MD.
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Abstract

Nonketotic hyperglycinemia (NKH), or glycine encephalopathy, is an autosomal recessive disorder caused by a defect in the
glycine cleavage enzyme system. In neonatal-onset NKH, patients manifest lethargy, hypotonia, apnea, and intractable epileptic sei-
zures that are not specific to this disease. We experienced a 6-year-old girl with spastic quadriplegia, intractable epilepsy, and mental
retardation, all initially regarded as sequelae of neonatal meningitis. The seizure frequency was transiently increased when valproate
was started. Head MRI revealed progressive brain atrophy and white matter loss with high intensity signals on T2-weighted and
diffusion-weighted images, which prompted us to conduct further metabolic workups. High glycine levels led us to suspect
NKH, and we confirmed this diagnosis by the non-invasive, '>C-glycine breath test. DNA sequencing revealed novel Leu885Pro/
Trp897Cys mutations in the glycine decarboxylase gene that were transmitted from both parents. Sodium benzoate and dextrometh-
orphan dramatically decreased her hypertonicity. Our case shows that paradoxical increases in seizure frequency following valproate
can be a clue for a diagnosis of NKH, and that a correct diagnosis of NKH can greatly alter the quality of life in such patients.
© 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.

Keywords: Nonketotic hyperglycinemia; Glycine decarboxylase; Glycine encephalopathy; Glycine cleavage system

idoxal phosphate-dependent glycine decarboxylase
encoded by the GLDC gene), H (a lipoic acid-containing

1. Introduction

Nonketotic hyperglycinemia (NKH), or glycine ence-
phalopathy (MIM #605899), is an autosomal recessive
disorder of glycine metabolism caused by a defect in
the glycine cleavage enzyme system (GCS), a multi-
enzyme complex located in the inner mitochondrial
membrane of the liver, kidney, brain, and placenta. It
consists of four individual protein components: P (a pyr-

* Corresponding author. Address: Division of Neurology, Clinical
Research Institute, Kanagawa Children’s Medical Center, Mutsukawa
2-138-4, Minami-ku, Yokohama 232-8555, Japan. Tel.: +81 45 711
2351.

E-mail address: hosaka@kcme.jp (H. Osaka).

hydrogen carrier protein encoded by the GCSH gene), T
(a tetrahydrofolate-dependent protein encoded by the
AMT gene), and L (a lipoamide dehydrogenase encoded
by the DLD gene). NKH results from defects only in the
P, H, and T components of GCS that lead to high glycine
concentrations in urine, plasma, and especially cerebro-
spinal fluid (CSF) [1,2]. In neonatal-onset NKH, patients
manifest lethargy, hypotonia, apnea, and intractable
epileptic seizures resulting in profound psychomotor dis-
ability [3]. We report the case of a 6-year-old girl with
NKH, who was initially diagnosed with cerebral palsy
due to neonatal meningitis, and who showed increased
seizures following valproic acid (VPA) treatment.

0387-7604/$ - see front matter © 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.
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2. Patient and methods
2.1. Case history

The patient, now a 6-year-old girl, was born to a
healthy mother at 37 weeks of gestation with a birth
weight of 3020 g. There is no family history of metabolic
disease. The patient was not “doing-well” and showed
hypotonia and difficulty in sucking after birth. During
the neonatal period, she exhibited frequent seizures
resulting in shock and disseminated intravascular coag-
ulation that required mechanical ventilation. As leuko-
cytes counts in the CSF were elevated and serum PCR
was positive for type 4 echo-virus-related viruses, she
was diagnosed with aseptic meningitis. A brain CT scan
at the age of 14 days revealed no abnormalities, includ-
ing in white matter, or brain destruction. She exhibited
repeated generalized seizures and her EEG showed hyp-
sarrhythmia at 1 month. Neither phenobarbital nor
Vitamin B6 was effective and she was referred to our
hospital for the control of seizures at S months. Her head
circumference was 42.8 cm (1.57 SD above the mean) and
CT revealed enlarged ventricles that were slightly reduced
by a ventriculoperitoneal shunt. She was treated with
VPA (30 mg/kg, for 2 weeks), after which she experienced
fever, rush, and increased frequency of seizures. VPA was
discontinued due to what we considered hypersensitivity
although the drug lymphocyte stimulation test was nega-
tive. Her seizures were not controlled by zonisamide, car-
bamazepine, or topiramate. When VPA was restarted, the
frequency of seizures again increased and the treatment
was discontinued. From the age of four, her severe spas-
ticity worsened and diazepam, eperisone, dantrolene,
and baclofen were all ineffective; she was re-admitted
for the control of hypertonicity and seizures. She could
not smile, roll over, or control her head. Her posture
was opisthotonic and she could not lie in a supine
position. She had severe rigidity and spasticity of the

extremities, brisk deep tendon reflexes, a positive Babin-
ski sign, and ankle clonus.

In search of the cause of her apparent regression, we
re-evaluated her brain CT/MRI. CT revealed severely
dilated ventricles and diffuse brain atrophy with domi-
nantly affected white matter and relatively spared basal
nuclei (Fig. 1A). This finding was compatible with
post-meningitis hydrocephalus and brain atrophy. Brain
MRI revealed progressive brain atrophy and white mat-
ter loss with a T2 prolongation of white matter
(Fig. 1B). Surprisingly, on the diffusion-weighted image,
there was a high intensity signal in the white matter
(Fig. 1C).

2.2. Enzymatic analysis

GCS activity was investigated by the '*C-glycine
breath test as described previously [4]. Briefly, 10 mg/
kg of '*C-glycine was administered through a gastric
tube. Breath samples were collected using a face mask
equipped with a one-way air valve, and then transferred
to a sampling bag. The '*CO, concentrations of the
breath samples were measured as described [4].

2.3. RNA, genomic DNA extraction, RT-PCR, and
sequencing

Total RNA was extracted from leukocytes using Trizol
reagent and subjected to reverse transcription with Prime-
Script reverse transcriptase (Invitorogen, Carlsbad, CA)
using oligo(dT) primers. RT-PCR was performed using
primers that covered the translated region of GLDC
mRNA (Table 1) and the Ex Taqg PCR version 1.0 kit
(Takara, Shiga, Japan) according to the manufacturer’s
instructions (Table 1). Genomic DNA was prepared from
white blood cells using the Wizard Genomic DNA purifi-
cation kit (Promega, Madison, WI). PCR of exons 1, 22,
and 23 of the GLDC gene were performed with specific

Fig. 1. (A) Brain CT showing severely dilated ventricles and diffuse brain atrophy with dominantly affected white matter and relatively spared basal
nuclei, compatible with post-meningitis hydrocephalus and brain atrophy. A ventriculoperitoneal shunt tube was placed in the left lateral ventricle.
(B) T2-weighted MRI also showing diffuse brain atrophy with dominantly affected white matter. The T2 prolongation and volume loss of white
matter suggested white matter injury. (C) MRI diffusion-weighted image showing a high intensity signal in white matter, suggesting white matter
degeneration. Please note that the ventriculoperitoneal shunt valve causes the defects and flaring of images.
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Table 1
Primers and conditions for PCR.

Name Primer Position Sequence Size of PCR product (bp) Annealing temperature (°C)
GLDC IF Sense Exonl 5-AAAGACCAGAGAGAGATGCT-¥ 719 65=60"
GLDC IR Antisense Exon7 5-ATGTCTACCCCAAATTCTCCA-3

GLDC 2F Sense Exon6 5-GAAAAGATGTCAGTGGAGTGT-3 720 65=60"
GLDC 2R Antisense Exonl1/12 5-GTTCTGCAGATGACTCACAAC-3'

GLDC 3F Sense Exonl0 5-GCATCAACTCCAGCATGACC-3¥ 682 60
GLDC 3R Antisense Exonl7 5-GGTCCCATGTGCTGATTTCG-3

GLDC 4F Sense Exonl5 5-AGGATATCAGCAGCTTTTCC-3 718 60
GLDC 4R Antisense  Exon2l 5" TTGTTTAAGACCCTTGCCTC-3

GLDC 5F Sense Exonl9/20 5-TCGGAGTGAAGAAACATCTC-3 743 60
GLDC 5R Antisense Exon25 5-CCTCTTTTGTTCAGAAAATGGAG-3'

GLDC 6F Sense Exon23 S-TGATCAGCATTCGGCAGGAAA-3 622 60
GLDC 6R Antisense  Exon25 5"TCTCCAGGATAGCCTCTATGACA T-3

GLDCex22F  Sense Intron21 5-ACATAAAAAGCTGATGCACT-¥ 345 60
GLDCex22R  Antisense Intron22  5-CTATTATTTTGGAGGTTGCC-3¥

GLDCex23F Sense Intron22 5" TTCTATGAACAGCACTGAGA-3' 434 60

GLDCex23R  Antisense Intron23

5-GTATCATCCTCAGTTGAGAG-¥

primers using Ex Taq PCR version 1.0 kit (Takara, Shiga,
Japan) according to the manufacturer’s instructions
(Table 1). The PCR fragments were sequenced using the
Big Dye Terminators v1.1 Cycle Sequencing kit (Applied
Biosystems, Foster City, CA).

3. Results

From the MRI findings, we suspected a metabolic dis-
order causing white matter degeneration. Leukocyte lyso-
somal enzyme activities, including arylsulfatase A, were
normal. Bone marrow revealed normocellularity without

A

foam cells. Amino acid analysis of plasma revealed a sub-
stantially high level of glycine (1671.1 nmol/ml, normal
range: 127-341) with high CSF/plasma glycine levels
(266.8/2074.5 nmol/ml, normal range: 4.8-8.4/127-341).
The elevated glycine and characteristic white matter tract
abnormalities revealed by diffusion-weighted (DWI) in
patients with NKH [5], led us to conduct the '*C-glycine
breath test. This showed a significantly decreased '*C-
cumulative recovery of only 13.1% (<-2SD), strongly
suggesting NKH [4]. RT-PCR and subsequent sequenc-
ing revealed Leu885Pro/Trp897Cys missense mutations
in GLDC that were transmitted from both parents
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Fig. 2. (A) RT-PCR and subsequent sequencing showed heterozygous Leu885Pro/Trp897Cys missense mutations of the GLDC gene. Sequencing
genomic DNA from her parents revealed that these mutations were transmitted from her mother (B), and father (C).
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Fig. 3. Patient’s GLDC amino acid sequence compared with that of several other animals reveals that both substituted residues Leu885 and Trp897

are highly conserved among species.

(Fig. 2). These mutations should not be polymorphisms,
because both residues are highly conserved among species
(Fig. 3) and we did not detect them in more than 100 con-
trol alleles. After we diagnosed the patient with NKH, we
started sodium benzoate (250 mg/kg) and dextromethor-
phan (20 mg/kg). She showed dramatically decreased
hypertonicity and now goes to a special elementary
school.

4. Discussion

NKH is often erroneously diagnosed as sepsis or hyp-
oxic ischemic injury, particularly in the severe neonatal
cases [3,6]. In the present case, septic meningitis with
echo-related virus made the correct diagnosis of NKH
difficult. Seizure frequencies were increased following
both occasions of VPA therapy. VPA reduces GCS
activity and inhibits glycine uptake to mitochondria
and increases the level of glycine in serum and CSF in
NKH patients [7,8]. Excessive stimulation by glycine
of the excitatory N-methyl-D-aspartate (NMDA)-type
glutamate receptor causes the seizures and possible
excitotoxicity characteristic of NKH [9]. That raised
the possibilities that the VPA therapy elevated the level
of glycine and exaggerated the neurological presentation
in this patient. A somewhat similar case report describes
a patient with nonketotic hyperglycinemia following her
presentation with acute encephalopathy and chorea
shortly after initiation of valproate therapy [10]. As far
as we know, increases in seizure frequencies after admin-
istration of VPA have not been reported in the English
literature. This patient again teaches us to consider a dif-
ferential diagnosis of NKH in patients showing para-
doxical worsening of neurological status such as
seizure frequency following VPA.

Benzoate decreases glycine levels by conjugation and
excretion as hippurate glycine. Dextromethorphan, con-
verted to its active metabolite, dextrorphan, acts as a
noncompetitive inhibitor of the NMDA receptor [9].
Sodium benzoate and dextromethorphan dramatically
decreased the patient’s hypertonicity and seizure fre-
quency. Although NKH is an incurable disease, a cor-
rect diagnosis altered the patient’s life completely,

enabling her to leave hospital, return home, and to
attend school, thus emphasizing the importance of a
correct diagnosis of NKH.
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Abstract

Glycine encephalopathy (GE), also known as non-ketotic hyperglycinemia, is a life-threatening metabolic disease caused by
inherited deficiency of the glycine cleavage system (GCS). GE is characterized by accumulation of a large amount of glycine in serum
and cerebrospinal fluids. In typical cases with GE, coma, profound hypotonia, and intractable seizures develop within several days
of life. Patients with atypical symptoms may have delayed or missed diagnosis because of non-specific symptoms. It is sometimes
problematic to confirm the diagnosis of GE since it requires either invasive liver biopsy for measurement of GCS activity or exhaus-
tive mutational screening of three GCS genes, GLDC, AMT, and GCSH. We herein describe two novel laboratory tests for diagnosis
of GE, [1-"*CJglycine breath test and the multiplex ligation-dependent probe amplification (MLPA) for detection of large deletions
in GLDC. The [1-'*Clglycine breath test has been developed for noninvasive enzymatic diagnosis of GE. Because the GCS generates
CO, by degradation of glycine, the GCS activity could be evaluated in vivo by measurement of exhaled '3CO, after administration of
a stable isotope, [1-'*Clelycine. The MLPA has been developed for improvement in mutation detection rate in GE: Deletions involv-
ing multiple GDLC exons are prevalent among GE patients, but cannot be detected by the exon-sequencing analysis. Two novel

diagnosis methods would facilitate diagnosis of hyperglycinemic patients as having GE.
© 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.

Keywords: '*C-glycine breath test; Decarboxylation of glycine in vivo; Detection of large deletions in GLDC; The MLPA analysis

1. Introduction

Glycine encephalopathy (GE, MIM 605899), also
termed nonketotic hyperglycinemia (NKH), is an inborn
error of glycine metabolism caused by deficiency of the
glycine cleavage system (GCS) [1,2]. Typically, symp-
toms of GE start in the first days of life with progressive
lethargy, hypotonia, myoclonoc jerks, hiccups, and
apnea, usually leading to coma and death unless assisted
ventilation and/or pharmacological treatment are pro-
vided [3]. Patients with atypical GE often lack neonatal
symptoms, but present later with various neurological
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symptoms including seizures, motor and/or cognitive
impairments, aggressive behavior, and impaired work
or school performance [4-6]. Since these patients mani-
fest only nonspecific clinical symptoms, their diagnosis
may sometimes be delayed or missed and they may
not benefit from early and appropriate management
and counseling [7].

The GCS is a mitochondrial multi-enzyme complex
that catalyzes the breakdown of glycine to carbon diox-
ide, ammonia, and one-carbon units (Fig. 1) [8]. The
GCS is present in various animals, plants, and bacteria.
In vertebrates, the activity of GCS has been reported
in brain, liver, kidney, and testis [9]. The GCS consists
of four individual proteins, glycine dehydrogenase
(decarboxylating), aminomethyltransferase, glycine
cleavage system H-protein and dihydrolipoamide dehy-
drogenase, which are encoded by distinct genes, GLDC,
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