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Abstract

A 3-year-old girl was admitted to our department with
spina bifida occulta. At birth, thoracic dysplasia with
severe respiratory dysfunction and a soft pedunculated
mass connecting with an intradural mass were noted.
The patient did not start to walk and partial removal of
the intradural mass was performed via a laminectomy of
the fused vertebrae. There was no boundary between
the spinal cord and the mass and the histological diagno-
sis of this mass was connective tissue. The anomalies in
this case were considered to be rultiple vertebral seg-
mentation disorder (MVSD} and limited dorsal myelo-
schisis. The coincidence of these anomalies might sug-

gest the causal genesis of MVSD.
Copyright© 2002 5. Karger AG, Basel

Introduction

Developmental malformations of vertebrae are rare
and extremely variable. Several entities have been indi-
cated, but definite classification derived from the appro-

priate pathogenesis remains uncertain [1-5]. The associa-
tion with various forms of spina bifida is well known for
these malformations, indicating an etiological link [5-8].
We present a case of spina bifida associated with spondy-
lothoracic dysostosis (STD), one of the developmental
malformations of vertebrae. Analysis of this.coincidence
was useful in considering the pathogenesis of these enti-
ties.

Case Report

A 3-year-old girl was admitted to our department with spina bifi-
da occulta on May 8, 2000. The child’s parents were nonconsangui-
neous and there was no significant family history, including spinal or
other congenital anomalies.

"The patient was delivered on May 8, 1997, without complication
at 38 gestational weeks. The patient’s birth weight was 2,120 g and
her height was 42,2 cm; her Apgar scores were 2 and 6. At birth, tho-
racic dysplasia and a soft pedunculated mass the size of the tipof a
thumb in her upper back were noted and radiclogical examinations
revealed missing cervical and thoracic vertebrae with missing ribs.
Although the patient did not show marked neurological deficit, her
respiratory condition was very poor and she was treated with artifi-
cial respiration. There were no anomalies of other organ systems.

She was discharged 3 months later, but she needed oxygen admin-
istration. Magnetic resonance images {MRIs) performed during this
period showed spina bifida occulta and an intraspinal mass con-
nected to the mass on her back. Surgical intervention for this lesion

-was not chosen at that time because of the patient's respiratory condi-
tion and lack of neurclogical deficit. After 2 years, her respiratory
condition improved and oxygen administration was stopped.
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Fig. 1. Plain X-ray at admission showing
multiple missing cervical and thoracic verte-
brae and ribs with fused vertebrae and scoli-
osis.

Fig. 2. A T2-weighted MR} obtained on
admission, indicating an isointense mass
which was linked to the subcutaneous mass
and compressed the spinal cord. Syringo-
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Fig. 3. A Tl-weighted MRI revealing a low-
intense mass and syringomyelia.

myelia formation was also noted in the tho-

racic spinal cord.

The patient’s mental development was almost normal, but she
did not start walking, Follow-up MRIs revealed increased compres-
sion of the spinat cord by the intraspinal mass. On admission to our
department, her height was 75cm and her weight was 6.4 kg. She
showed severe kyphosis and neurological examinations revealed mo-
tor weakness and hypotonia of both lower extremities. Radiological
examinations revealed two missing cervical vertebrae and four miss-
ing thoracic vertebrae with missing ribs. Multiple fused vertebrae
were also found at the upper thoracic level (fig. 1). MRIs revealed an
intradural extra-axial mass that was linked to the subcutaneous mass,
mimicking dermal sinus. The mass was isointense on T1-weighted
images and low-intense on T2-weighted images. A part of the mass
was enhanced by Gadolinium-diethylene triamine pentaacetic acid.
Syringomyelia was observed within the spinal cord below the mass
(fig. 2—4). CT with three-dimensional images showed fused vertebrae
and spina bifida (fig. 5).

Due to the increase in pressure on the spinal cord, an operation
on the intradural mass was performed on"May 12, 2000. A midline
skin incision revealed striated connective tissue entering the spina

_bifida within the fused upper thoracic vertebrae. A partial laminecto-
my of these fused vertebrae revealed intradural extension of the
striated tissue through the dural defect. Intradural observation
showed transition of the striated tissue to the mass formation, which

Limited Dorsal Myeleschisis in MVSD

“Fig. 4. A Gadolinium-dicthylene triamine pentaacetic acid en-

hanccgl T1-weighted image. The subcutaneous mass and the margin
of the intradural mass were enhanced.

Pediatr Neurosurg 2002;36:44-47 45
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Fig. 5. A three-dimensional image of the low
cervical and upper thoracic vertebrae on ad-
mission, showing fused vertebrae with spina
bifida.

appeared similar to normal spinal cord. There was no boundary
between the spinal cord and the mass. Intraoperative histological
diagnosis of this mass was connective tissue, and the mass was par-
tially removed. After the remova), a fistula was observed within the
mass and clear cerebrospinal fluid was excreted, which indicated that
the syrinx formation extended into the connective tissue mass. After
the dural repairment, bone transplantation by frozen allograft was
performed to prevent further development of kyphosis.

Histological examination of the mass revealed that it was connec-
tive tissue including peripheral nervous tissue and calcification.
There were ne findings indicating a neoplastic lesion (fig. 6).

The patient’s postoperative course was uneventful and she was
discharged home 10 days after the surgery. Postoperatively, she has
been doing well and was able to start walking 4 months after the sur-

gery.

Discussion

Several forms of segmental vertebral disorders have
been reported and multiple vertebral segmentation disor-
ders (MVSDs) have been categorized. This condition has
autosomal dominant or recessive inheritance, though spo-
radic cases have been reported 1], and the vertebral seg-
mentation disorders consist of fusion or absence of verte-
brae, hemivertebrac and butterfly vertebrae. Various
anomalies of ribs can be associated, often resulting in the
formation of a ‘crab-like’ thorax. Other major congenital
anomalies are usually uncommon [2]. There have been

46 Pediatr Neurosurg 2002;36:44-47

—132 —

Fig. 6. A photomicrograph of the intradural mass showing connec-
tive tissue including peripheral nervous tissue.

numerous reports on this entity but the variety of terms
for classification has resulted in considerable semantic
and nosological confusion [1-5].

Recently, Mortier et al. [2] summarized the literature
and clearly classified three distinct types of MVSDs. The
first entity is characterized by a symmetrical crab-like
thorax, and vertebral segmentation disorders usually in-
volve the entire vertebrae. This type is known as Jarcho-
Levin syndrome, and autosomal recessive inheritance has
been indicated. This type ts considered the most severe
type, and death from respiratory infections before the age
of 2 years could be the rule. The second type, representing
so-called STD, has an autosomal recessive mode of inheri-
tance, and the third type, representing so-called spondylo-
costal dysostosis (SCD), has an autosomal dominant
mode of inheritance. In both STD and SCD, MVSDs
throughout the entire spine in addition to fusion and/or
absence of ribs can be observed. These anomalies tend to
be milder in patients with SCD. Thus, patients with SCD
could have a normal life span, while certain patients with
STD may die in infancy because of respiratory failure.
There are also patients with STD who could survive to
adulthood with minimal symptoms [2].

Another clinical entity known as segmental spinal dys-
genesis {SSD) is characterized by a sporadic disorder
causing localized deformity of the thoracolumbar, lumbar
or lumbosacral spine. This condition is associated with
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the abnormal development of the underlying spinal cord
and nerve roots. An association with closed spinal dysra-
phisms has also been reported and a segmental maldevel-
opment of the neural tube has been indicated as the causal
genesis [3, 9]. There are several characteristics common to
both SSD and MVSD, including various vertebral abnor-
malities and occasional rib abnormalities and the possible
association with spinal dysraphism [3, 9]. Thus, it seems
1o be difficult to differentiate the two types of anomalies
clearly. However, Tortori-Donati et al. [3] indicated sev-
eral features that appear to be typical of SSD and distinct-
ly uncommon in MVSD: (1) sporadic disorder; (2) un-
common infantile respiratory disease, and (3) the typical-
ly localized vertebral malformation in a determined spi-
nal segment, usually in the thoracolumbar or upper lum-
bar spine. They also indicated the segmentally abnormal
spinal cord as the most mmportant characteristic and
argued that these are separate entities, with the main dif-
ferential features being typically segmental malformation
of the spine and spinal cord [3].

The clinical characteristics observed in our case were
as follows: no familial incidence indicating hereditary dis-
orders; vertebral segmentation anomalies with fused ver-
tebrae at the cervical and thoracic level; rib anomalies,
and closed spinal dysraphism. Although it is difficult to
determine the precise entity, the clinical characteristics of
the present case suggest a possible diagnosis of STD.

In this case, the associated spinal anomaly should be
considered a dysraphism. The characteristics of this dys-
raphism were as follows: (1) almost normal development
of skin and myofascial tissue; (2) a very limited midline
defect of neural arches and dura; (3) the connecting stalk
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Heterozygous GLDC

and GCSH Gene
Mutations in Transient
Neonatal Hyperglycinemia

. Shigeo Kure, MD,' Kanako Kojima, MD,!

Akike Ichinche, MD,' Tomoki Maeda, MD,?

Rozalia Kalmanchey, MD,? Gysrgy Fekewe, MD,?

“Suzan Z. Berg, MS,* Jim Filiano, MD,* Yoko Aoki, MD,!
Yoichi Suzuki, MD," Tatsuro Jzumi, MD,?

and Yoichi Macsubara, MD'

Transient neonatal hyperglycinemia is clinically or bio-
chemically indistinguishable from nonketotic hypergly-
cinemia at onset. In the case of transient neonatal hyper-
glycinemia, the elevated plasma and cerebrospinal fluid
glycine levels are normalized within 2 to 8 weeks. To
clucidate the pathogenesis of transient nconatal hypergly-
cinemia, we studied three patients by screening mutations
in the genes that encode three components of the glycine
cleavage system. Heterozygous mutations were identified
in alf of the three patients, suggesting that transient neo-
natal hyperglycinemia develops in some heterozygous
carriers for nonketotic hyperglycinemia.

Ann Neurol 2002;52:643-646

Nonkerotic hyperglycinemia (NKH) is an inherited
metabolic disease with autosomal recessive trait charac-
terized by accumulation of glycine in body fluids.' In
typical cases with neonatal onset, severe neurological
symptoms such as convulsive seizures, coma, and respi-
ratory distress develop within a few days after birth.
Most patients have an early faral outcome, and survi-
vors are severcly retarded. Several patients have been
described with the peculiar phenotype of transient neo-
naral hyperglycinemia (TNH).>? At presentation, the
patients with TNH were clinically indistinguishable
from parients with neonatal-onsert NKH, with elevared
cerebrospinal fluid to plasma glycine ratios diagnostic
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of NKH and a burst-suppression pattern on the elec-
troencephalogram. By 2 to 8 weeks of age, their ele-
vated plasma and cerebrospinal fluid glycine levels re-
turned to normal. Most patients showed normal
psychomotor development whereas some had severe
neurological sequelae.* The cause of TNH remains un-
known. Recurrence of TNH in a family has not been
reported; thus, evidence for a genetic cause is lacking.!

The merabolic lesion for NKH lies in the glycine

* cleavage system (GCS).> The GCS is a mitochondrial

multienzyme system that consists of four individual
components; P-protein, glycine decarboxylase; T-protein,
aminomethyltransferase; H-protein, hydrogen carrier
protein; L-protein, dihydrolipoamide dehydrogenase.
P-, T-, H-, and L-proteins were encoded by GLDC,
AMT, GCSH, and GCSL genes, respectively. Several
NKH-causing mutations have been identified in
GLDC*~® and AMT?™"' No mutations have been
identified in GCSH 1o date. Three components, P-, T-,
and H-proteins, are specific for the GCS, whereas
L-protein is a housekeeping enzyme and also is used as
the E3 component of a-keto acid dehydrogenase com-
plexes such as the pyruvate dehydrogenase complex.
Mutations in the dihydrolipoamide dehydrogenase
gene cause Leigh’s disease, which lacks hyperglycin-
emia.'? To clucidate the genetic background of TNH,
we screened three GCS-specific genes, GLDC, AMT,
and GCSH, for murtations in three patients with TNH.

Patients and Methods

Clinical and biochemical features of Patients 1 to 3 are sum-
marized in the Table. All the patients had elevated cerebro-
spinal fluid to plasma glycine ratios diagnostic of NKH. The
GCS activity in lymphoblasts established from Patient 3 was
measured by decarboxylation assay of [1-'*Clglycine.'* The
GLDC, AMT, and GSCH genes consist of 25 exons,® 9 ex-
ons," and 5 exons,!’ respecrively. All the exons of GLDC,
AMT, and GCSH of Patients 1 1o 3 were amplified for direct
sequencing analysis as described.!® A large deletion contain-
ing exon 1 of GLDC was detected by semiquantizative poly-
merase chain reacton (PCR)} amplification using the highly
conserved processed pseudogene of GLDC (YGLDC) as a
gene dose control.® H-protein ¢cDNA was amplified from
lymphoblast poly(A*) RNA by reverse transcriprion (RT)-
mediated polymerase chain reaction using HHEIF and
HHESR primers as described.!* Informed consent was ob-
wained from the patients, and the ethics committee of To-
hoku University School of Medicine gave ethical approval.

Results

Sequencing analysis of entire coding regions of GLDC,
AMT, and GCSH showed three heterozygous muta-
tions in three patients with TNH. Patient 1 had a het-
erozygous G to A substitution in exon 20 of GLDC
(Fig 1A). This base change generated 2 termination
codon (TAG) from tryptophane codon (TGG) at
amino acid 805 (W805X). Human P-protein is con-
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Table. Clinical and Biochemical Findings of Patients 1 10 3

Characreristic Parient 1 Patient 2 Patient 3*
Age (yr) 2y 6y Sy
Gender Female Female Male
Ethniciry {nationaliry) White American Whice (Hungarian) Asian (Japanese)
Consanguinity of parents None None None
Affected pedigree member None None None
Onset : First day of life First day of life First day of life
Initial symprom Convulsion Convulsion Convulsion, hypotonia
Glycine concentration in symptomatic
periods (g.moi/l.)

CSF (1-12) 55.7 27.9 97.1

Serum (125-350)° 1,002 337 782

CSF 1o serum ratio (0.012-0.040)° 0.055 0.083 0.12
MRI findings®

Agenesis of corpus callosum None None None

Delay in myelination Slighe None None

EEG findings
Neonaral period

Current Normal
QOutcome

Seizure Continued

Mental retardation Severe

Other findings Microcephaly

Burst suppression

Muttifocal spikes

Burst suppression

Normal Normal on vitamin B6
Free Response to vitamin B6
Mild Severe

Mild gaic araxia Vitamine B6 dependency

2See Maedz and colleagues 20 for the deniled clinical course.
bNormal range.

*MRI spectroscapy was not performed fot measurement of glycine concentration in brain.

CSF = cerebrospinal fiuid; MRl = magnetic tesonance imaging; EEG = electroencephalogram.

sisted of 1,020 amino acids and W805X mutation is
deduced to produce a profoundly truncated polypep-
tide of P-protein. In Patient 2, sequencing analysis did
not show any nucleotide change, but a deletion of exon
1 was identified in GLDC. The deletion was derected
by comparing relative copy number of true GLDC
gene and Y GLDC gene. The peak area ratio of GLDC/
$GLDC in Patient 2 was 0.45, whereas those of the
control subjects were 0.93 * 0.12 (n = 15), indicating
that Patient 2 was hemizygous for exon -1 region of
GLDC (see Fig 1B). In Patient 3, we identified 2 hert-
erozygous G to T substitution at the splice acceptor
site of intron 4 (IVS§4-1G>T) in GCSH (see Fig 1C).
Family member analysis showed that his mother and
second brother had the same mutation. The effect of
the IVS4-1G>T mutation was characterized further by
analysis of the H-protein mRNA expressed in lympho-
~ blasts. We amplified the H-protein ¢<DNA fragment
that contained an entire coding region by RT-PCR
and found a ¢cDNA fragment (684bp) in both 2 con-
trol subject and Patient 3 (se¢ Fig 2A). We previously
reported a single nucleotide polymorphism, 121§, in
the first exon of GCSH.'? Patient 3 was heterozygotes
of the L and § alleles in the genomic sequence (see Fig
2B} whereas only the L allele was detected in the
cDNA sequence (see Fig 2C), indicating that the § al-
lele was not expressed. The GCS activity of the lym-
phoblast cells established from Patient 3 was 0.8nmol

644 Annals of Neurology Vol 52 Ne 5 November 2002

of '*CO, formed per milligram protein per hour
whereas the normal range was between 0.61 and 1.6.'?

Discussion

To our knowledge, this is the first report to describe
genetic mutations in patients with TNH. Patient 1 had
a nonsense muration in GLDC, and a large deletion in
GLDC was identified in Patient 2. In Patient 3, a splic-
ing mutation, IVS4-1G>T, was found in intron 4 of
GCSH. Only transcripts from the normal allele were
detected by RT-PCR analysis, probably because the
splicing muration caused rapid degradation of the tran-
scripts. No GCSH muration has been reported to date
regardless of disease phenotype. No other mutation was
identified in the other allele of each mutated gene, in-
dicating that Patients 1 to 3 are heterozygous carriers
for NKH. In Patient 3, the heterozygosity is compati-
ble with the normal GCS activities in his lymphoblast
cells because there were no significant difference be-
tween heterozygous carriers and control subjects.!® In
addition, the heterozygosity is also compatible with the
normal oral glycine loading test in a previous report.”
Assuming that the incidence of NKH is 1 in 60,000 to
250,000 births, the prevalence of NKH carrier is esti-
mated 1o be 1 in 123 to 1 in 250.'° It is therefore
unlikely that Patients 1 to 3 were heterozygous carriers
by chance. Incidence of TNH is far less than 1 in 250,
apparently indicating that TNH dose not always de-
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A 805

Tryptophan GGT «+———

GAACT GG AGCCCCATGGOECCG CACT
140 158 162

mmma?mmm

Termination GAT «

GAACTG GAGCCCNAT GGG CG CACT
149 15@ 160

patient 2

DAV
AV .
AN

control 2

.

gegttgca(g/ t)'GTTGG
iotron 4 exon 5

Fig 1. Mutasions identified in parients with transient neona-
tal hyperglycinemia. (A) Sequencing of a nomsense mutation
(W805X) in GLDC identified in Patient 1. The anticoding
strand is shown. Note that the nucleotide change was heterozy-
gows. (B} Relative copy number of GLDC and YGLDC in
Patient 2 was measured by semiquansizative polymerase chain
reactin method. The areas ratio of two peaks corresponding the
GLDC and YGLDC genes was caleulated. Note that Patient
2 had a relatively smaller peak of GLDC than two control
subjects. (C) Sequencing of the IVS4-1G>T muzation of
GCSH identified in the family of Patient 3. A heterozygous g
to t substitution was found in Patient 3, bis elder brother,
and bis mother.
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770 bp - S

612 bp -[ . Ll - 084 bp

C TTA

Fig 2. Analysis of mRNA sranseribed from the mutant GCSH
allele in Parient 3. (A) Reverse transcription polymerase chain
reaction products amplified from lymphoblasts of a consrol
subject (lane 2) and Patient 3 (lane 3). The 684bp :DNA
fragment contains the entire coding region of GCSH. Lane 1
shows the $X174/Haclll size marker. (B) The L21S polymor-
phism in first exon of GCSH in Patient 3. Note thar Patient
3 ir a heterozygote of vthe L allele (TTA) and S allele (TCT).
(C) The L2185 polymorphism in its cDNA counterpart ex-
pressed in lymphoblasts of Patient 3. The 684bp band in lane
3 of panel A was excised and sequenced. Note that enly L
allele (TTC} was detected. :
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velop in the heterozygous carriers. In fact, mother and
second brother of Patient 3 had no history of TNH
despite that they also carried the same splicing muta-
tion. This observation may account for absence of re-
ports that describe recurrence of TNH in a family.
Thus far, carrier state for NKH appears to contribute
to the development of TNH although an additional
unknown facror(s) is likely to participate in the onset
of TNH.

It has been commonly believed that the heterozy-
gous carriers for NKH are asympromatic. Therefore, it
is difficult to explain the mechanism of how TINH de-
velops in heterozygous carriers. Many enzymes are
known to be transiently immature during the neonaral
period. An example is the immaturity of bilirubin uri-
dine diphosphate-glucuronosyltransferase, which causes
neonatal hyperbilirubinemia. Recently, association be-
tween an amino acid substitution in the gene and pro-
longed jaundice with breast milk feeding was reported
in Japanese population.'”*'® There is a prevalent mu-
tation, G71R, with an allele frequency of 16%, and the
mutant enzyme with G71R mucation had one third of
normal activity. Prolonged hyperbilirubinemia devel-
oped in the heterozygotes as well as homozygotes of
this mutation with much higher incidence than control
subjects. Immarurity of the GCS in neonatal period
also has been suggested, because plasma glycine levels
are significantly higher in neonates than adulis.'? In
this context, lower GCS activities in heterozygous car-
rier may increase risk for hyperglycinemia in neonatal
period. It also remains to be explained why Patient 2
had mild intellectual impairment whereas Pacients 1
and 3 were severely retarded. All the patients were het-
erozygotes of NKH, and Patient 3 had considerable
GCS acrivities, suggesting that the differences of the
residual activicies could not be attributed to phenotypic
variations among the patients. Other unknown factors,
either genetic or environmental, should influence the
prognosis of TNH. Further study is necessary for clu-
cidation of other causative factors in TNH.
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Hypothalamic Growth Hormone Deficiency and
Supplementary GH Therapy in Two Patients with
Mitochondrial Myopathy, Encephalopathy,

Lactic Acidosis and Stroke-Like Episodes

Abstract

Two pediatric patients with mitochondrial myopathy, encephal-
opathy, lactic acidosis, and stroke-like episodes were diagnosed
with growth hormone deficiency with the primary lesion identi-
fied as the growth hormone-releasing factor producing ceils of
the hypothalamus, Stimulation tests with insulin, levodopa and
sleep did not overcome the deficient pattern of growth hormone
secretion, By comparison, the growth hormone-releasing factor
stimulation test generated a normal growth hormone response
in these two patients. Growth hormone supplementary therapy
was effective in terms of growth gain without adverse effects.

Key words
MELAS - Hypothalamic GH Deficiency - GH Supplementary Ther-
apy

Abbreviations

MELAS mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes

CH growth hormone

GRF growth hormone-releasing factor

I-DOPA levodopa

CSF cerebrospinal fluid

K creatine kinase

LD lactate dehydrogenase

DNA deoxyribonucleic acid

CT computed tomography

IGF-1 insulin-like growth factor-l

TSH thyroid stimulating hormone
TRH thyroid releasing hormone
hGH human growth harmone
Introduction

Mitochondrial disease is multisystemic and interferes with en-
ergy metabolism. Clinical manifestations of MELAS include short
stature, seizures, hemiparesis, episodic vomiting, cortical visual
disturbance and sensorineural hearing loss [4,10]. Several previ-
ously reported endocrine manifestations of MELAS include GH
deficiency {1,5), diabetes mellitus [5,14]. delayed puberty [14],
hypothalamic hypogonadism [7], hypoparathyroidism [14] and
hyperaldosteronism [13]. This paper identifies the GRF produc- -
ing cells of the hypothalamus as the site of the primary GH defi-
cient lesion in two pediatric cases of MELAS and describes the
clinical effectiveness of GH supplementary therapy using re-
combinant hGH.

Case Reports

Case 1

This case was the first daughter of non-consanguineous healthy
Japanese parents. Her younger sister has no sign of mitochon-
drial disease at 7 years of age. The first seizure occurred when
she was 5 years of age. She experienced four episodes of transient
alternating hemiplegia from the age of 6 to 8 years, stunted
growth from 7 years of age, and symptomatic localization related
epilepsy with complex partial seizures and gelastic seizures from
8 years of age. Her paternal cousin also experienced complex par-
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