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FIG 4 Clinical features of patients with Kabuki syndrome with a MLL2 non-truncating-type mutation. A: Facial features of patients with KS
and a MLLZ non-truncatlng-tgpe mutation. B: Patient KMS-56 showed abnormal dentition (hypodontia with wide interdentium).

Kokitsu-Nakata et al., 2012; Tanaka et al., 2012; Bogershausen and
Wollnik, 2013; Makrythanasis et al., 2013] (Human Gene Mutation
Database Professional 2012.3; https://portal.biobase-international.
com/hgmd/pro/gene.php). Our mutation-positivity rate for either
genewas 67.9% (55/81), and that for MLL2 onlywas 61.7% (50/81);
these figures are compatible with those reported in a review (55—
80%) [Banka et al., 2012b]. Mutation-negative patients suggest the
existence of unknown genes to cause KS or misdiagnosis.

Asfor the phenotype—genotyperelationship, Banka etal. [2012b]
suggested that feeding problems, kidney anomalies, premature
thelarche, joint dislocation, and palatal malformation were more

,frequently observed in patients with MLL2-mutations than in
patients with normal MLL2 sequence. Hannibal et al. [2011]
reported that renal anomalies were more common in patients

who had MLL2 mutations compared to those who did not. Li
/

et al. [2011] reported that short stature and renal anomalies were
more frequent in patients with MLL2-niutations than in those with
normal MLL2 sequence. In our study, premature thelarche was
observed only in patients with MLL2 mutations, but this was not
significant (P = 0.1137). The frequencies of kidney anomalies, hip -
joint dislocation, and short stature were not different when com-
paring those with and without MLL2 mutations (P = 0.3030,
P =1.0000, and P =0.0717, respectively; Supplemental
Table V). High arched eyebrows, palatal malformation (cleft pal-
ate/lip), low posterior hairline, and short fifth finger were more
frequently observed in individuals with MLL2 mutations than in
patients with normal MLL2 (P = 0.0118, P = 0.0284, P = 0.0493,
and P = 0.0137, respectively; Supplemental Table V).
X-inactivation skewing in patients with KS has been discussed
since the discovery of the KDM6A deletion in a female with KS
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- [Lederer et al., 2012; Miyake et al., 2013]. In two female patients
reported here, patient KMS-65, who had an in-frame deletion,
showed a random X-inactivation pattern, but patient KMS-81,
- who had a truncating-type mutation, showed marked skewing. X-
inactivation skewing was also reported in two affected females with
KDMG6A deletion reported by Lederer etal. [2012]. cDNA sequence
analysis of patient KMS-81 indicated that the mutant allele of
KDMG6A was expressed at a similar level to the wild-type allele
under NMD inhibition. This result suggests that KDM6A mostly
escapes X-inactivation in female lymphoblastoid cells. Interesting-
'ly, KDM6A/Kdm6a escapes X-inactivation in humans and mice,
and in mice its expression level from the inactive X chromosome
(Xi) wasreported as 15-35% of that from the active X chromosome
(Xa) [Greenfield et al., 1998; Xu et al., 2008]. We calculated the
" hypothetical expression assuming a 30% KDMG6A expression level
from Xi and 100% expression from Xa (Supplemental Fig. 2). In
patient KMS-81, who showed marked skewing (98:2), either the
mutant X chromosome or the wild-type X was inactivated in 98%
of cells. If the mutant were inactivated, the expression level would
be below 1 (1.0 x 0.98 + 0.3 x 0.02 = 0.986). If the wild-type
were inactivated, the expression level would also be below 1
(1.0 x 0.02 + 0.3 x 0.98 = 0.314). The KS phenotype is usually
unassociated with Turner syndrome (45,X), with the KDMG6A
expression level at 1.0 [Miyake et al., 2013]. It is possible that
having a KDM6A expression level of 1.0 is essential for a normal
human phenotype. Similarly, males with only one copy of KDM6A
do not manifest KS. We previously mentioned the possibility of
UTY compensation for KMD6A (Supplemental Fig. 2) [Miyake
et al.,, 2013], although human UTY lacks demethylase activity
[Hong et al., 2007; Lan et al., 2007]. The recent evidence that
XY= X Y%~ homozygous mice demonstrated a more severe phe-
notype than XV~ YY" mice indicates that UTY can compensate
for the loss of UTX in embryonic development [Shpargel
et al., 2012]. Because mouse and human UTY show 75% identity,
and 95% identity in the Jumonji C domain [Shpargel etal.,2012], it
is likely that normal human males who have only one copy of
KDMG6A are supplemented by UTY in a demethylase-independent
manner. ) -

Interestingly, X”*~YY”* mice showed small body size [ Shpargel

‘et al., 2012]. Similarly, the human KDM6A-mutated group exhib-
ited short stature and postnatal growth retardation.

Regarding our mutation detection methods, HRM analysis and
Sanger sequencing are both imperfect. Next-generation sequencing
is more sensitive (especially for single nucleotide variants and small
insertions/deletions), faster, and cheaper due to multiple gene
screening and the potential to multiplex. However, a microdeletion
involving MLL2 or KDM6A or low-level mosaicism of a single
nucleotide variant might be missed by this method. Therefore, in
patients who test mutation-negative, more comprehensive
approaches might be necessary. In conclusion, we investigated
MLL2 and KDMG6A mutations and their clinical consequences in
patients with KS. The majority of the clinical features were observed
atasimilar frequency among patients with either MLL2 or KDM6A-
mutations. The genetic basis of the patients who tested mutation-
negative (20-45%) remains elusive. Further studies are necessary to
understand the whole picture of the genetic aspects of KS and its
genotype—phenotype relationships.
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Diagnostic value of brain biopsy in a pediatric mvinlﬁple sclerosis mimicking bmin,stém glioma
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SUIMIMary

Diagnosis of r’nultiplé sclerosis (MS) is difficult when the lesion mimics glioma or cerebral enchephalitis. We
report a case of pédiatric MS initially suspected as brain stem glioma. An ll-yéar—old boy developed left-foot joint
pam followed by progressive symptoms such as left arm and leg weakness, dysarthria, paraplegia, and decreased level
of consciousness. He subsequently developed respiratory distress requiring endotracheal intubation and mechanical
ventilation. Magnetic resonance imaging showed a mass measuring 2 cm in the medulla oblongata. Although this mass
was, initially suspected asa ghoma, the patient’s acutely progressive disease course was not consistent with this diagno-

" sis. Open biopsy revealed inflammation and demyelination, but no malignant cells were detected. He was treated with
-steroid pulse therapy, which showed dramatic effects. Nine months later, he developed another episode characterized
by several neurological symptoms, and the diagnosis of MS was clinically confirmed. Open brain stem biopsy is techni-
cally demanding, but this case demonstrates that appropriate neurosurgical evaluation can play an important role in di-
agnosis by ruling out glioma and confirming MS.

Key words—brain stem glioina; multiple sclerosis; clinically isolated syndrome; tumefactive multiple sclerosis; Bick-
erstaff’s encephalitis :
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ABSTRACT

Objective: Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) is-a
childhood encephalopathy following severe febrile seizures, leaving neurologic sequelae in many
patients. However, its pathogenesis remains unclear. In this study, we clarified that genetic var-
iation in the adenosine A2A receptor (ADORAZ2A), whose activation is involved in excrtotoxwlty,
may be a predisposing factor of AESD. , :

Methods: We analyzed 4 ADORAZ2A single nucleotide polymorphisms in 85 patients With AESD.
The mRNA expression in brain samples, mRNA and protein expression in lymphoblasts, as well as
the production of cyclic adenosine monophosphate (cAMP) by Iymphob!asts in response to aden-

~ osine were compared among ADORAZ2A diplotypes..

Results: Four single nucleotide pq!ymorphisms were completely linked, which resulted in 2 haplo-
types, A and B. Haplotype A (C atrs2298383, T at rs5751876, deletion at rs35320474, and C
atrs4822492) frequency in patients was significantly higher than in controls (p = 0.005). Homo-
zygous haplotype A (AA diplotype) had a higher risk of developing AESD (odds ratio 2.32, 95%
confidence interval 1.32-4.08; p = 0.003) via a recessive model. mRNA expression was signif—
icantly higher in AA than AB and BB diplotypes, both i in the brain (p = 0.003 and 0.002, respec-
tively) and lymphoblasts (p = 0.035 and 0.003, respectlve[y) Inlymphoblasts, ADORA2A protein
expression (p = 0.024), as well as cellular CAMP produc‘clon (p 0.000G), was sugmﬂcant]y i
higher in AA than BB diplotype.

Conclusions: AA diplotype of ADORAZA is assomated ‘with AESD and may alter the intracellular
adenosine/cAMP cascade, thereby promoting selzures and excitotoxic brain damage in patients
Neurology® 2013 80:4571-1576

GLOSSARY : .
ADORA1L = adenosine Al receptor; ADORAZA adenosine A2A receptor; AEIMSE = acute encephalopathy with
inflammation-mediated status epilepticus; AESD = acute encephalopathy with biphasic seizures and late reduced diffusion;
cAMP = cyclic adenosine monophosphate; Cl = confidence interval; CPT2 = carnitine palmitoyltransferase |l; GGPDH =
glucose-6-phosphate dehydrogenase; OR = odds ratio; SMRI = Stanley Medical Research Institute; SNP = single nucleo-
tide polymorphlsm S : ’

‘During the course of acute febrile diseases, such as influenza and exanthema subitum, some

children develop repetitive or prolonged seizures, followed by sustained impairment of ¢on-
sciousness. These conditions are collectively termed acute encephalopathy with inflimma-
tion-mediated status epilepticus (AEIMSE).! Among AEIMSE, acute encephalopathy with
biphasic seizures and late reduced diffusion (AESD)? is the most common in Japan, affecting

“hundreds of children every year.?> Hemiconvulsion-hemiplegia syndrome, a condition encoun-

tered worldwide, often occurs during an infectious disease, and is regarded as a subgroup of

AESD.* AESD typically shows a biphasic clinical course, consisting of a prolonged febrile seizure
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