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‘D!SCUSSION The most unportant ﬁndmgs in thls
o5 are as foﬂows 1) We observed a hlgh mc1dence k

~recovery in 4almost all survwmg "atlents, 2) mPSL"

“pulse : therapy was potenually effective  for

_en phalopathy, 3) neurmmaglnc showed marked

‘ce bral edcma in patxenrs Who died; and 4) 1 more
‘_severe renal dysfunctlon led to a more. severe“

neumlogm outcome.

~ The most prevalent STEC serotype, STEC 0157 ;
mfecuon, caused HUS in 6.3% and death in 0 6%‘

(4.6% of STEC O157-HUS cases) of reported cases.!!
According to a recent large study in France, the fre-
quency of neurologic involvement in patients with
STEC-HUS is approximately 3%, and neurologic
complications lead to death in 17% of those affected
The STEC 0104 outbreak in northern Germany in
2011 was characterized by a large number of patients
with HUS (22%) and neurologic symptoms (26% of
children, and 48% of adult patients with HUS)S7'>13;
however, the mortality rates were 4.2% for patients
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'ne, NS = not S|gn1ﬁcant E = plasma exchange; PLT = platelets; PMX =
polymyxm-B :mmoblhzed column irect’ hemoperfusson, TM = hrombomoduhn WBC whlte b!ood cells

vﬁth STEC O’I\VO4‘\~HUS and 1.4% for all patients,”
sxml.lar to thosc reported for STEC O157. The STEC
o111 outbreak in Oklahoma in 2008 was also char-

k yactemzcd by thh frequencies of HUS (16.7%) and
neurologlc symptoms (46% of patients with HUS)
but relanvely w fatality rates, specifically 3.8% for
f,‘lp ‘1ents with STEC 0O104-HUS, and 0.6% for all
] pauents 5 Comparcd with these data, the STEC
0111 outbreak in Toyama was characterized by a high
frequency of HUS (40%), encephalopathy in 62% for
STEC O111-HUS, and death in 24%, 15%, and

5.8% for encephalopathy, HUS, and all patients,

5 respecmrely

We postulate 3 possible pathologic mechanisms for
neurologic complications in STEC infection: direct
Stx injury, inflammatory CNS responses, and neuro-
toxicity due to uremia. Stxs bind to globotriaosylcera-
mide (Gb3), the receptor expressed on the surface of

endothelial cells and neurons,’® are internalized

through receptor-mediated endocytosis, and inhibit
protein synthesis through interaction with the 60S
ribosomal subunit thereby inducing apoptotic cell
death.’¢ Indicative of endothelial cell injury, the




{ Table 3 Characteristics of patients with'and y)vithoﬁt mPSL

Th‘a[arrius lesion

Abbrewat:ons AST = aspartate amlnotransferase CRP c- reacttve protem, Hb hemo-,
globin; HUS = hemolytm-urem:c ‘syndrome; mPSL = methy]predmsolone NS = not sngmfn-

cant; PLT = platelets; WBC = white blood cells.
Data-are presented as mean + SD or.n(%).

neuropathology in animal models injected with Stx2-
- shows lesions suggestive of ischemic damage and arte--
- riolar necrosis due to:thrombotic microangiopathy.'7# |

- Stxs that injure endothelial cells'may negatively affect
the blood-brain barrier, and thereby infiltrating brain
-1 parenchyma, %12

~ rons and ‘result in neuronal dysfunction.?*

* ‘Proinflammatory cytokines such as tumor necrosis- -

. facror-a (TNF-at) ‘and interleukin-1f (IL-183) mark- -

wedly increase the Gb3 content and Stx-binding to
brain endothelial cells, resulting in increased cytotox-

icity and upregulation of apoptotic-cell death.**?> A+
rabbit model study in which animals were given IV
Stx2 injections showed that in addition to'neuronal -
" apbptbtic death, microglial activation and significant

upregularion of TNF-a and'IL-1B transcription oc-
curs in the brain parenchyma.'® Activared microglia
are known to produce proinflammatory cytokines,*

and TNF-o directly induces neurodegeneration
through multiple pathways.?**” Proinflammatory cy- '

tokines are, therefore, closely related to the pathogen-

 esis of STEC-encephalopathy. Gb3 is upregulated by
promﬂammatory cytokines, and these cytokines are,’

in turn, released through the interaction of Stxs with
activated microglia. :
The high fatality rate in the STEC Ol 11 outbreak

‘in Toyama resulted from progressive encephalopathy. -

MRI or CT of 4 patients who later died revealed
acutely progressive cerebral edema and possible herni-
~ation on days 1 to'3 within 48 hours after previous
imaging with no or little cerebral edema. These find-
ings were confirmed by postmortem neuropathologic
examination, which revealed severe noninflammatory

where they can' directly injure neu-

-cerebral edema and herniation in 3 patients so exam-
* ined (patients 3, 6, and 8).%® Previous reports of MRI

findings 'in patients with neurologic complications

“associated with other STEC outbreaks, including

the STEC 0104 outbreak in Germany, did not
describe ‘acute ‘and " diffuse cerebral edema.>*%7 In

--addition, neither cerebral edema nor herniation was

documented on postmortem examination in 5 fatal
cases of STEC 0104 in Germany.” Therefore, it is
reasonable'to consider that progressive encephalopa-
thy leading to severe cerebral edema is characteristic
of the STEC O111 infection in Toyama.

Clinical ‘and ‘neuroradiologic features and neuro-

* pathologic findings of diffuse noninflammatory cere-

bral edema are similar to those observed in Japanese

* children with infectious encephalopathy, especially

cases’ associated ‘with influenza.®®3° Children with

STEC O111-HUS developed encephalopathy (10/11)

" more frequenty than adules (11/25), which has also

been the case with influenza encephalopathy in Japan.
During the acute stage of influenza encephalopathy,
serum and CSF concentrations of inflammatory cyto-

~kines (i.e,, TNF-a and IL-6) are abnormally high in

31,32

many patients,?"? suggesting that cytokine storm has a

~ major role in the pathogenesis. Vascular injury leading

to brain edema-has actually been ascribed to endothe-

 lial ddmage caused by cyrokines.?®

Corticosteroids  suppress proinflammatory cyto-
kine'gene expression, and activate genes encoding in-

~ hibitors of' inflammation.?® mPSL, IVIg, and other

therapies that suppress inflammatory cytokines have,
therefore, been recommended for influenza encepha-
lopathy. mPSL therapy is effective for influenza

~ encephalopathy caused by hypercytokinemia such as

acute necrotizing encephalopathy, and improves neu-

~rologic outcomes.”** Physicians in Toyama decided

to treat patients with STEC O111-encephalopathy

‘with' mPSL and IVIg after May 1, 2011, based on

cliniical; radiologic; and pathologic similarity to influ-
enza' encephalopathy. We successfully showed thar
mPSL pulse therapy increased the probability of a
good ‘outcome. Indeed, no patient with STEC
O111-encephalopathy died after mPSL therapy.
Cytokine studies on affected patients in the STEC
0111 outbreak in Toyama showed more severe hy-

‘percytokinemia in 11 patients with severe STEC

O111-HUS (including 8 patients with encephalopa-

“thy) than in 3 with mild HUS without encephalop-

athy,® supporting the hypothesis that cytokine storm

‘is important -in the pathogenesis of STEC O111-

encephalopathy. Although no specific therapy has
been established for STEC-encephalopathy, plasma

“exchange, eculizumab, and immunoabsorption treat-
- ments have been proposed.® Corticosteroid therapy,

especially mPSL pulse therapy, should be considered
for the treatment of STEC-encephalopathy.
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Progressive encephalopathy leading to severe cere-
bral edema and death is not observed in countries
other than Japan. This may be because Japanese peo-
ple are genetically more susceptible to infectious
encephalopathy than people of other countries. Viral
encephalopathy, most often secondary to influenza
and human herpes virus 6, is the most prevalent type
of encephalopathy in Japanese children.?” Several syn-
dromes, such as acute encephalopathy with biphasic
seizures and late reduced diffusion, and acute necro-
tizing encephalopathy,®2%35 are by far more common
in East Asia than in the rest of the world. The mech-
anisms underlying racial or regional differences are
not fully understood; however, single’ nucleotide
polymorphisms of several genes, such as those for
the carnitine palmitoyltransferase II and adenosine
AZa receptors, are reported to be risk factors for acute
encephalopathy with biphasic seizures and late
reduced diffusion.**” Differences in such single
nucleotide polymorphism frequencies between Japa-
nese and other individuals may account for racial
differences in neurologic symptoms associated with
viral or STEC infections. It is also possible that the
STEC 0111 prevalent in Toyama was more toxic
than the previous STEC, but bacteriologic studies
to date have not elucidated the mechanism by which
this specific strain caused many cases with severe
complications.®®

Renal function during the course of infection in
patients with a poor outcome was worse than in indi-
viduals with a good outcome. Because uremia per se
can cause brain dysfunction, and neurologic symp-
toms occur at the peak of renal dysfunction,” it is
possible that more severe uremia caused severe neu-
rologic symptoms resulting in accompanying poor
outcomes. Neither hemodialysis nor plasma exchange
affected the neurologic symptoms or outcome, which
were compatible with a previous study.® In addition,
some patients with STEC infection showed neurologic
symproms in the absence of renal dysfunction,”® and
9% to 15% of patients with STEC-encephalopathy
showed cerebral dysfunction before the onset of
HUS.* These findings suggest that mechanisms
other than uremia, such as the direct effects of Stxs
and inflammatory responses in the CNS, may
have major roles-in the pathogenesis of STEC-

encephalopathy.

Symmetrical lesions that we observed in our pa-
tients with STEC O111-encephalopathy in the lateral
thalamus, basal ganglia, external capsule, and dorsal
brainstem or cerebellum are similar to those reported
previously in patients with STEC-encephalopathy.>%¢7
This characteristic distribution may provide a radio-
logic clue for early diagnosis because, although it
takes time for microbiologic identification of STEC,

STEC-encephalopathy can be observed on the same
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day as HUS. Early diagnosis by radiologic identifica-
tion of STEC-encephalopathy could be a useful tool
promoting prevention of encephalopathy progression
through use of the suggested treatments described
herein.

Of interest, the ADC value revealed different par-
terns in the thalamus with reduced diffusion compared
with the putamen and external capsule with increased
diffusion "in the acute stage of STEC Oll1l-
encephalopathy, suggesting that the former reflects
cytotoxic edema, and the latter vasogenic edema, prob-
ably due to breakdown of the blood-brain barrier.
Neuropathologic examination of 3 patients (patients
3, 6, and 8) revealed severe edema without inflamma-
tory cells in both the thalamus and basal ganglia,®®
which could not explain the ADC difference. A neu-
ropathologic study involving - patients with - STEC
O104-encephalopathy revealed that astrogliosis and
microgliosis were prominent in the thalamus and
pons,” which were compatible with prominent cyto-
toxic edema in these regions. We know that Gb3 is
highly expressed in neurons of all brain regions in
patients with STEC O104 infection,” suggesting no
correlation berween Gb3 distribution and MRI lesions.
We remain uncertain as to what determined the topo-
graphical pathology distribution seen on MRIL.

Because we had ro treat severely ill padients imme-
diately without any evidence-based protocol at the
beginning of this outbreak, the timing or combina-
tion of therapies for encephalopathy was not uniform.
We did not perform multivariate statistics to confirm
the effectiveness of mPSL because of the small num-
ber of patients. Definite treatment recommendations
cannot, therefore, be drawn directly from the study.
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Short Communication 199

A Child with Three Episodes of Reversible
Splenial Lesion
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In this §tudy, we report th:e: case ot an 8‘-yéa;’i‘lold girl who had three episodes of reversible

Abstract
splenial les:on of the' corpus callosum (SCC)in 2 years. Vomltlng, hypoglycemia, and
fever were fol!owed by. altered consciousness and dlmlmshed muscle tone. In each
Keywords .eplsode the. clmlcal mamfestatlons and abnormalrtles detected during magnetic
= encephalitis . resonance. lmagung resolved in 2 weeks. Transient alteration of vision and spike
= encephalopathy discharges revealed by- mtenctal electroencephalogram rmphed the SCC lesions were
= corpus callosum related to epileptic actuvrtres At foIIow-up, the patient had. not presented with SCC
> splenium !essons or altered consaousness for more than 4 years after undergoing carbamazepine
= reversible I treatment our caseis the ﬁrst report of a patlent who presented with three episodes of
= epilepsy , »,reversrble splenlal lesmn .
Introduction and electroencephalography (EEG) Her paternal cousin had

o o o " shown febrile seizures. Subsequently, our patient showed three
Magnetic resonance imaging (MRI) findings of a reversible  episodes of reversible splenial lesion as described below.
lesion in the splenium of the corpus'callosum (SCC) have'been ; : i
reported in patiéhﬁ with epilepsy receiving antiepileptic:
drugs, clinically mild encephalitis/encephalopathy with a
reversible splenial lesion (MERS),! ischemia, neurodegenera- -
tion, and autoimmune disease. In general, the clinical prog-
nosis is good without subsequent complications. Although
there are various theories for reversible splenial lesions, there’
is no clear explanation for the finding.>> Here, we report a
young girl who presented with an SCC lesion three tirmies. She
is free from the splenial lesion and clinical manifestations
after beginning carbamazepine treatment, which suggests
her condition was related to epileptic activities. ‘

First Episode (at Age 2 Years, 2 Months)

. Three days after fever at 39°C, lack of eye contact indicated
tonic seizure with upper limbs in flexion for about 1 minute at
30 minutes after vomiting. The tonic seizure was controlled
by diazepam and chloral hydrate administrated in the emer-
gency room. Ambiguous speech, lack of eye contact, and
diminished muscle tone were observed the next day. No
enhancements on T1-weighted images (~Fig. 1A) were ob-
served, but T2-weighted images on MRI showed hyperintense
SCC lesions (~Fig. 1B).

She was admitted and treated with fluid replacement,
glycerin, and phenobarbital to prévent recurrent convulsions.

Case Report Although the symptoms were improved by the next day of

An 8-year-old girl presented to us who had been born with no
complications and had developed normally. At 1 year and 8
months, she developed generalized tonic seizures after diar-
thea, without abnormalities on head computed tomography
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hospitalization, her consciousness worsened on the 3rd hos-
pital day. No additional therapy was begun because computed
tomography findings were normal. On the 10th hospital day,
she was able to maintain an upright position. She was
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Fig. 1 Magnetic resonance images of the first episode (A, B: on admission; C~-E: 2 months after the admission), the second episode (F-H: on
admission; I-K: on the 8th hospital day), and the third episode (L-N: on admission; O-Q: on the 6th hospital day). Diffusion-weighted image in the
first episode on admission was not performed. Hyperintense signal in the splenial lesion of the corpus callosum (SCC) on T2-weighted image in the
first episode (B), on T2-weighted and diffusion-weighted images in the second episode (G, H), and in the third episode (M, N) completely
disappeared at 2 months after (D), 7 days after (}, K), and 5 days after (P, Q). Except for SCC lesions on diffuse-weighted and T2-weighted images,
no other abnormal enhancements were observed, including on T1-weighted images. :
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discharged on the 11th hospital day. The SCC lesion was
resolved as indicated by MRI taken 2 months after discharge
(»Fig. 1C-E).

Second Episode (at Age 2 Years, 6 Months)

The patient was received for sutures and antibiotics after
sustaining mouth trauma by falling. Two days later rolling of
the eyes and diminished muscle tone occurred after vomiting.
She had difficulties in maintaining an upright position and
walking. No abnormal enhancements were observed on T1-
weighted images (=Fig. 1F), but T2-weighted and diffuse-
weighted images on MRI showed hyperintense SCC lesions
(~Fig. 1G, H).

She was admitted and treated with fluid replacement and
glycerin. After hospitalization inconsistent speech and crying
continued for a few days. These symptoms improved gradu-
ally, and the patient was recovered fully on the 5th hospital
day. MRI on the 8th hospital day showed no abnormal
findings (=Fig. 11-K). She was discharged on the 9th hospital
day.

Third Episode (at Age 3 Years, 4 Months)

Deviating eyes and generalized tonic convulsion for a few
seconds developed after diarrhea, vomiting, and fever at
approximately 39°C. In addition, she showed difficulty in
maintaining a sitting or standing position with diminished
muscle tone. No abnormal enhancements were observed on

Fp1
Fp2 —
F3
C3 7
P4 -~
01 ™~
02 AT,

T3
T4

T6 -
ECG -

T1-weighted images (=Fig. 1L), but T2-weighted and diffuse-
weighted images on MRI showed hyperintense SCC lesions
(~Fig. 1M, N).

She was treated with fluid replacement and glycerin. On
admission day she let out strange noises and could not
understand simple verbal instructions. On the 2nd hospital
day she was able to speak almost normally, and on the 6th
hospital day she walked normally. MRI on the 6th hospital day
showed no abnormal findings (=Fig. 10-Q). She was dis-
charged on the 7th hospital day.

Throughout these three episodes her biochemical analyses
were normal except for hypoglycemia (45 to 58 mg/dL),
increased blood ketone (609 to 870 pmol/L for acetoacetic
acid, 4,590 to 5,417 umol/L for 3-hydroxybutyric acid), mild
metabolic acidosis (pH: 7.29 to 7.34), and decreased sodium
(133 mEq/L, only in the third episode). Cerebrospinal fluid
(CSF) examinations (only in the first episode) revealed normal
cell counts and protein and glucose levels. Urine analyses
were also normal. CSF polymerase chain reaction, cultures for
blood in stool, and intravenous-contrast MRI were not
performed.

 After the third episode the patient complained of transient
alteration of vision as “I can't see Mam,” and the EEG at age

‘3 years, 9 months showed spike discharges in the occipital

region during sleep (~Fig. 2A). She began to be treated with
carbamazepine treatment at age 4 years because some epi-
leptic activities were related to her episodes. The spike

ECG i

i

Fig. 2 Electroencephalography during sleep showed spike discharges in the occipital region (arrows) at age 3 years, 9 months (A) and diffuse spike
and wave complexes at age 5 years, 5 months (B). The latter observation was reproduced at a later age.
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discharges in the occipital region were not observed after
carbamazepine treatment. EEG at age 5 years, 5 months
showed diffuse spike and wave complexes during sleep
{»Fig. 2B), which were reproducible in the EEG at age 7 years,
4 months. Currently, she is free from similar clinical episodes
for more than 4 years.

Discussion

Various causes of reversible splenial lesion have been re-
ported, including viral infection, hemolytic-uremic syn-
drome caused by Escherichia coli 0-157, febrile seizure,
frequent convulsion, antiepileptic drugs (especially phenyt-
oin and carbamazepine), drug allergy, anticancer drugs, and
radiation.®* In addition, a correlation between hyponatre-
mia and SCC lesion has been reported.* Alterations of the
arginine-vasopressin systern have been proposed as a
cause.*~® However, a plausible mechanism of pathogenesis
for SCC lesion has not been identified.>?In the differential
diagnosis of acquired lesions in the SCC, acute disseminated
encephalomyelitis, extrapontine myelinolysis, MERS, ische-
mia, neurodegeneration, and autoimmune disease should be
considered.?’ ; .

Our patient showed altered consciousness represented by
abnormal behavior such as strange noises and inability to
understand simple verbal instructions followed by prodromal
symptoms such as fever, vomiting, and convulsion. She was
not able to maintain a standingfsitting position due to
diminished muscle tone. The benign short clinical course,
reversible lesions in the SCC, and no specific findings from
blood, CSF, and urine examinations suggested MERS. Acute
disseminated encephalomyelitis and extrapontine myelinol-
ysis are unlikely as the MRIs during the three episodes
disclosed. Because all episodes were followed by vomiting
and mild hypoglycemia, we cannot preclude the possibility
that she has a metabolic disease or endocrine disease not
identified by urine organic acid analysis, tandem mass analy-
sis, and carnitine fraction analysis.

Although she showed similar symptoms to epileptic seiz-
ures in each episode (tonic seizure, rolling of the eyes, and
deviating eyes and generalized tonic convulsion in the first,
second, and third episode, respectively), we were unable to
obtain a diagnosis of epilepsy during each episode due to the
lack of definite interictal paroxysmal discharge and altered
consciousness lasting more than a few days. The complaint of
a transient alteration of vision and spikelike discharges in the
occipital region on EEG after the third episode suggested her
episodes were related to epileptic discharges. After the
initiation of carbamazepine, she is currently free from altered

Neuropediatrics  Vol. 44 No. 4/2013

76

Kouga et al.

consciousness and SCC lesions for more than 4 years. Al-
though we did not reach a conclusive diagnosis underlying
the SCC lesions, her clinical course suggests that epilepsy was
associated with her episodes. Although there are reports that
transient ischemia or cytotoxic edema induced by frequent
convulsions may be related to SCC lesions, a correlation
between epilepsy or epileptic discharge and SCC lesion
remains unresolved. However, searching for epilepsy-related

. transient splenial lesions if new convulsions or a change of

the EEG findings appears may be useful.

Our case may be the first report of repeated SCC lesions in
the English literature. Previously, a Japanese case was re-
ported that demonstrated two episodes of benign convul-
sions with gastroenteritis with transient splenial lesions.?
Our patient also experienced a seizure after diarrhea. Both
diarrhea-associated benign infantile seizures and mild en-
cephalitis with SCC lesions have been reported, mainly in
Asian countries. Genetic factors may underline the pathogen-
esis of her repeated SCC lesion,
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Abstract

Background: There have been numerous reports regarding serum or cerebrospinal fluid (CSF) biomarkers in various disorders;
however, the validities of such biomarkers for more precise diagnoses and prognosis estimates remain to be determined, especially in
pediatric patients with neurological disorders. Methods: Serum/CSF S100B, neuron-specific enolase, and total tau (tTau) were mea-
sured in various acute pediatric neurological disorders, and their usefulness for diagnostic and prognostic predictions was validated
using receiver operating characteristic curves and area under the curve (AUC) analysis. Results: A total of 336 serum and 200 CSF
specimens from 313 patients were examined, and we identified statistically significant differences that were relevant from diagnostic
and prognostic viewpoints. CSF and serum tTau levels could be good predictors for diagnosis (CSF tTau; AUC = 0.76) and prog-
nosis (serum tTau; AUC = 0.78). Conclusions: Both CSF and serum tTau levels could be useful for precise diagnostic and prognostic
estimations in acute pediatric neurological disorders. Further studies are needed to clarify the clinical significance of such
biomarkers. :
© 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: S100B; Neuron-specific enolase; Total tau; Receiver operating characteristic curves; Area under the curve

1. Introduction it would be useful to develop more precise diagnostic
‘ and prognostic predictions, which are sometimes diffi-

There are many kinds of pediatric neurological disor- cult to attain, especially in the early stages of these dis-
ders with acute symptoms, such as headache, altered orders. For more than a decade, there have been reports
consciousness, seizures, paralysis, and ataxia [1]. Pedia- about serum/CSF biomarkers that are useful in identify-
tricians or pediatric neurologists ' who treat these patients ing various neurological disorders, at least in study set-
use various approaches, such as history taking, physical/ tings [2-9] We examined serum and CSF S100B,
neurological examinations, routine laboratory tests, neuron-specific enolase (NSE), and total tau (tTau),
conventional cerebrospinal fluid (CSF) examinations, which are glial, neuronal, and axonal damage markers,
electroencephalography, and brain imaging to identify respectively, in patients with acute encephalopathy with
the underlying cause. Due to limited time and resources, biphasic seizures and late reduced diffusion. We found

that all 3 biomarker levels were significantly increased
T Comomondi hor. Tel: +81 279 52 3551 fax: +81 279 52 and useful for diagnosis [3]. We hope to evaluate the
ngormpon ng author. el o L; fax: +81 279 usefulness of these markers as diagnostic and prognostic

E-mail address: shithara-ind@umin.net (T. Shiihara). predictors in other diseases.

0387-7604/% - see front matter © 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.braindev.2013.06.011
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2. Methods
2.1. Patients

From June 2007 to August 2012, patients were
enrolled in the study mainly via mailing lists for
Japanese pediatric neurologists or pediatricians, such
as the Zao Seminar Mailing List (available at: https://
sites.google.com/site/zaoseminar/) and the Japanese
Pediatric Conferences Mailing List (available at:
https://jpmlc.org/). Diagnoses were made by the attend-
ing physicians and later confirmed for the purpose of
this study by examination of the available clinico-radio-
logical information. We asked the attending physicians
to provide each patient’s clinical course and prognosis
at the most recent visit. To evaluate the prognosis, the
degree of disability was scored with the modified Rankin
scale (mRS), which ranged from I: no residual disability
to 4: death (Table 1) [10]. Ethics approval was obtained
from the Gunma Children’s Medical Center institu-
tional review board, and written informed consent was
provided by the patients’ parents.

2.2. Biomarker assays

Serum and CSF samples were obtained from each
patient at any point during the disease and immediately
stored at —80 °C until they were analyzed. Commer-
cially available sandwich enzyme-linked immunosorbent
assays (ELISA) for human S100B (BioVendor, Modrice,
Czech Republic), NSE (Alpha Diagnostic International,
Inc., San Antonio, Texas, USA), and tTau (Invitrogen
Corp., Carlsbad, California, USA) were carried out
according to the manufacturers’ protocols [3]. The
detectable range for each ELISA kit was 50-2000 pg/
ml, 5-200ng/ml, and 31.2-2000 pg/ml for S100B,
NSE, and tTau protein, respectively.

2.3. Statistical analysis

Data were expressed as the median and interquartile
range (IQR) unless otherwise specified. Statistical
analysis was performed with the statistical package R
(version 2.15.2, available as a free download from
http://www.

r-project.org). Comparisons were performed between
numerical variables with the Wilcoxon rank-sum test
and between proportions with the proportion test. For
multiple comparisons between numerical variables or
proportions, the Kruskal-Wallis rank sum test or the
proportion test were performed, then, if there were sig-
nificant differences, the pairwise Wilcoxon rank-sum
tests or the pairwise proportion tests were performed,
adjusted with Holm’s method. A P-value <0.05 was
considered statistically significant. As a measure of bin-
ary decision performance, the receiver operating charac-
teristic (ROC) curves were assessed, using the area under
the curve (AUC) with Bootstrap method [11] An
optimal threshold value (cutoff point) was selected as
the situation maximizing the Youden index
(Youden index = sensitivity -+ specificity—1) [12].

3. Results

We collected 497 serum and 274 CSF specimens from
372 patients with various disorders. To evaluate the use-
fulness of serum/CSF biomarkers as diagnostic or prog-
nostic predictors in the early phase of acute pediatric
neurological disorders, we only used specimens taken
within 5 days of illness (DOI; the first day of neurolog-
ical symptoms was regarded as DOI 0) and only investi-
gated diagnostic categories with specimens from more
than 5 patients. Thus, 336 serum and 200 CSF
specimens - from 313 - patients . were available for
evaluation (median age, 2 years; IQR, 1-5 years; male:
female ratio, 160:153). Diagnostic categories were as
follows (in alphabetical order); acute encephalitis/
encephalopathy (AEE), aseptic meningitis (AM),
afebrile seizures (AS), controls (CTR), febrile seizures
(FS), and septic meningitis (SM). AEE comprised vari-
ous types of acute encephalitis and encephalopathy,
such as acute disseminated encephalomyelitis, acute
encephalopathy with biphasic seizures and late reduced
diffusion, and acute encephalitis with refractory repeti-
tive partial seizures [13,14]. AS included epileptic
seizures or gastroenteritis-related convulsions [15].
CTR included patients who were suspected to have a
neurological disorder or involvement, but  testing
revealed that they did not, such as extra-cerebral infec-
tions, Kawasaki disease, and blood disorders. The study

Table 1

Modified Rankin scale.

Score Description

1 No residual disability; the child attends regular education and does not need remedial teaching®

2 Mild residual disability; the child is able to attend regular education but needs remedial teaching because of mild motor disturbances, mild
learning disability, or both

3 Severe residual disability; the child has a severe motor deficit (needs braces or wheelchair), severe learning disability, or both, attends a
school for special education or is confined to a daily care centre

4 Death

? For patient who has underlying condition and disability, the score is determined as 1, unless the disability is worsened after the event.
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Table 2

Characteristics of study populations.

Diagnosis Number Age (year) Gender (M:F) Sampling time (DOI) mRS
AEE 88 3(1-6) 37:51 1(0-3) 2(1-3)
AM 15 4 (2.5-8.5) 10:5 0 (0-1) 1 (1-1)
AS 52 2 (0.75-4) 20:32 0 (0-0) 1 (1-1)
CTR 85 3.5(1-8) 40:45 Not available 1(1-1)
FS 51 1(1-3) 40:11 0(0-1) 1(1-1)
SM 22 1(0-2.5) 13:9 1(0-2) 1 (1-D)

AEE, Acute encephalitis/encephalopathy; AM, aseptic meningitis; AS, Afebrile seizures; CTR, control; FS, Febrile seizures; SM, septic meningitis;

DOI, day of illness, mRS, modified Rankin scale.

Numerical variables are expressed as median (inter quartile range). There were statistically significant differences in age (between AEE and SM"),
mRS (between AEE and AM™, AS™, CTR™, FS™, SM"; SM and CTR"), Gender (between FS and AEE™, AS™, CTR™), and sampling time
(between AEE and AS™, FS**; SM and AS™) (" denoting P-vaIue less than 0.05, ** less than 0.01).

population characteristics were summarized, and we
found statistically significant differences in age, mRS,
gendér, and sampling time between diagnostic groups
(Table 2).

3.1. Serum and CSF biomarkers between each diagnostic
group

Initially, the serum and CSF levels of S100B, NSE,
and tTau were compared between each diagnostic group
(Fig. 1). There were statistically significant differences in
serum NSE between AEE (median, 14.5ng/ml; IQR,
6.0-35.8) and AS (median, 5.0 ng/ml; IQR, 5.0-8.0;
P <0.001), AEE and CTR (median, 8.0 ng/ml; IQR,

5.0-13.1; P=10.011), AEE and FS (median, 5.9 ng/ml;

IQR, 5.0-11.2; P=0.001), AS and CTR (P =0.030),
and AS and SM (median, 9.0 ng/ml; IQR, 5.5-18.0;
P =0.017). Significant difference were also observed
from serum tTau: AEE (median, 31.2pg/ml; IQR,
31.2-292.5) and AS (median, 31.2 pg/ml; IQR, 31.2-
31.2; P<0.001), AEE and CTR (median, 31.2 pg/ml;
IQR, 31.2-31.2; P<0.001), AEE and FS (median,
31.2 pg/ml; IQR 31.2-50.0; P =0.006), AS and SM
(median, 40.0 pg/ml; IQR, 31.2-122.5; P =0.009),
CTR and SM (P < 0.001). For CSF S100B, we observed
significant differences between AEE (median, 90.0 pg/
ml; IQR 58.7-300.0) and CTR (median, 50.0 pg/ml;
IQR, 50.0-50.0; P <0.001), AEE and FS (median,
51.5 pg/ml; IQR, 50.0-77.4; P =0.011), CTR and SM
(median, 130.0 pg/ml; IQR, 79.6-272.2; P <0.001),
and FS and SM (P = 0.006). For CSF tTau, we found
significant differences between AEE (median, 230.0 pg/
ml; IQR, 116.0-800.0) and FS (median, 100.0 pg/ml;
IQR, 50.0-141.8; P =0.002).

3.2, Serum and CSF biomarkers between patients with
good and poor prognoses

Next, the serum and CSF levels of S100B, NSE, and
tTau were compared between patients with good and
poor prognoses (defined as mRS of 1-2 and 3-4,

respectively) (Fig. 2). The levels of all the measured
biomarkers were significantly higher in patients with
poor prognosis than in those with good prognosis, i.e.,
serum S100B, good (median, 50.0 pg/ml; IQR 50.0-
70.4) vs. poor (median, 66.6 pg/ml; IQR 50.0-581.0;
P <0.001); serum NSE, good (median, 7.5 ng/ml;
IQR, 5.0-15.0) vs. poor (median, 16.3 ng/ml; IQR,
7.3-132.9; P <0.001); serum tTau, good (median,
31.2pg/ml; IQR 31.240.0) vs. poor (median,
227.7 pg/ml; IQR, 31.2-1603.0; P<0.001); CSF
S100B, good (median, 60.0 pg/ml; IQR, 50.0~120.0) vs.
poor - (median, 182.8 pg/ml;~ IQR,  81.7-340.0;
P <0.001); CSF NSE, good (median, 5.0 ng/ml; IQR
5.0-5.0) vs. poor (median, 5.0 ng/ml; IQR, 5.0-7.2;
P =0.020); and CSF tTau, good (median, 118.7 pg/ml;
IQR, 50.0-294.2) vs. poor (median, 319.3 pg/ml; IQR,
120.8-1900.0; P = 0.002).

3.3. Evaluations of diagnostic and prognostic validities,
using ROC curve analyses

Finally, in order to evaluate diagnostic and
prognostic validities, we applied ROC curve analyses.
To qualify the diagnostic and prognostic validities, we
analyzed each biomarker’s ability to distinguish AEE
from FS and between poor and good prognoses. Then
we drew the ROC curves and calculated each AUC
(Fig. 3). AUCs for diagnosis were as follows: serum
S100B, 0.58, 95% confidence interval (CI) 0.50-0.66;
serum NSE, 0.71, 95% CI 0.62-0.79; serum tTau, 0.68,
95% CI 0.60-0.76; CSF S100B, 0.72, 95% CI 0.61-
0.82; CSF NSE, 0.62, 95% CI 0.56-0.68; and CSF tTau,
0.76, 95% CI 0.64-0.86. AUC:s for prognosis were as fol-
lows: serum S100B, 0.64, 95% CI 0.56-0.73; serum NSE,
0.71, 95% CI 0.60-0.81; serum tTau, 0.78, 95% CI 0.70-
0.86; CSF SI100B, 0.72, 95% CI 0.59-0.82; CSF NSE,
0.61, 95% CI 0.49-0.73; and CSF tTau, 0.72, 95% CI
0.60-0.83. Furthermore, optimal threshold values were
calculated for biomarkers with AUC > 0.75. The values
for CSF tTau (AUC = 0.76) to distinguish AEE from
FS were 156.7 pg/ml (Youden index 0.59), sensitivity
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Fig. 1. Boxplot of serum (top) and CSF (bottom) levels of S100B (left), NSE (mxddle) and tTau (right) from patlents with acute encephalitis/
encephalopathy, AEE; aseptic meningitis, AM; afebrile seizures, AS; control, CTR; febrile seizures, FS; and septic meningitis, SM. Center lines
denote medians, boxes denote 25-75% percentiles, and whiskers denote minimum and maximum values (white circles denote outliers). Parameters
with statistically significant differences are noted with asterisks (£ < 0.05) or double asterisks (P <0.01).
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Fig. 2. Boxplot of serum (top) and CSF (bottom) levels of S100B (left), NSE (middle), and tTau (right) from patients with good prognosis (mRS 1-2)
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Fig. 3. ROC curves for diagnosis (top) and prognosis (bottom) with serum (left) and CSF (right) bxomarkers (solid line, S100B; dashed lme, NSE;
and dotted line, tTau). AUCs are noted in the right lower corner with 95% Cls.

63.0% (95% CI 52.3-73.9%), and specificity 80.0% (95%
CI 64.0-96.0%). The values for serum tTau (AUC 0.78)
for distinguishing between poor and good prognoses
were 68.8 pg/ml (Youden index 0.50), sensitivity 65.3%
(95% CI 51.0-77.6%), and specificity 84.8% (95% CI
79.6-89.5%).

4. Discussion

There have been a many reports regarding the use of
serum or CSF biomarkers to monitor various disorders,
such as acute ischemic stroke, cerebral hemorrhage,
traumatic  brain injury, hypoxic ischemic
encephalopathy, encephalitis, and meningitis [2-9].

Because different biomarkers were employed across

studies and for different disorders, it was challenging
to compare findings and establish firm conclusion; how-
ever, . many biomarkers seemed to be increased in more
severe. disorders. Alterations in various biomarkers
might reflect each central nervous system (CNS) cell
damage rather than disease-specific changes. Here, we
employed S100B, NSE, and tTau, as astrocytic,
neuronal, and axonal damage markers in various acute
pediatric neurological disorders to clarify their utility
in making more precise diagnostic or prognostic
predictions.

There were significant differences in serum NSE,

‘serum tTau, CSF S100B, and CSF tTau (Fig. 1). As a

whole, there tended to be the higher levels of the
assessed biomarkers levels in AEE, which could reflect




6 T. Shiihara et al. | Brain & Development xxx (2013 ) xxx—xxx

greater CNS damage than other more benign disorders.
The level of serum NSE was higher in CTR than AS,
however, their CSF NSE levels were not different. The
patients in CTR were not healthy controls and NSE is
also secreted outside CNS [3,16] Thus the increased
level of serum NSE in CTR must be reflected their extra
CNS pathologies. As a prognostic evaluation, all bio-
marker levels were higher in patients with poor progno-
ses than in those with good prognoses (Fig. 2).

- AEE can resemble FS, especially in an early stage of
disease, in terms of fever, seizure, and consciousness dis-
turbance. Therefore, we performed ROC curve analyses
not only to differentiate between diagnoses of AEE and
FS, but also to distinguish between poor and good prog-
noses. When AUC is higher than 0.75, the discriminative
performance is thought to be good, and when AUC is
higher than 0.90, it is thought to be excellent [11,12].
We found that CSF tTau was useful for discriminating
AEE from FS (AUC=10.76), and Serum tTau could
differentiate between poor - and good prognoses
(AUC =0.78). tTau was originally examined in CSF
and was found to be increased in various neurological
disorders; later, serum tTau was demonstrated as a good
prognostic predictor [2-4,17-21] Our results emphasize
the usefulness of both CSF and serum tTau levels. tTau
is considered more CNS specific than S100B and NSE,
which corresponds to our findings [22].

Because they have relative low sensitivities and high
specificities, as well as optimal threshold values, serum
and CSF tTau could be useful for “ruling in” conditions,

e., if serum or CSF tTau is higher than a threshold
value, the patient is likely to have the target state, more
severe disorder, or a more grim prognosis [23].

In this study, we did not employ a strict protocol for
sampling timing or frequency. Therefore, it was not pos-
sible to do longitudinal analyses with serial specimens.
Because CSF sampling is more invasive, serial CSF sam-
pling is impractical. However, blood sampling is less
invasive, so serial sampling for serum tTau examinations
in various disorders could be a good strategy for further
research. Finally, we would like to mention that an
obstacle for clinical utilization of these biomarkers was

. that we used ELISA kits, which would not be suitable

for a clinical setting, especially for emergencies in a

patient-by-patient manner.. Thus, a more convenient

way for measuring potentially useful biomarkers is
clearly needed.
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SUMMARY

This report is a practical reference guide for genetic test-
ing of SCNIA, the gene encoding the al subunit of neuro-
nal voltage-gated sodium channels (protein name:
Na, I.1). Mutations in this gene are frequently found in
Dravet syndrome (DS), and are sometimes found in
genetic epilepsy with febrile seizures plus (GEFS+),
migrating partial seizures of infancy (MPSI), other infan-
tile epileptic encephalopathies, and rarely in infantile
spasms. Recommendations for testing: (1) Testing is partic-
ularly useful for people with suspected DS and sometimes
in other early onset infantile epileptic encephalopathies
such as MPSI because genetic confirmation of the clinical
diagnosis may allow optimization of antiepileptic therapy
with the potential to improve seizure control and devel-
opmental outcome. In addition, a molecular diagnosis
may prevent the need for unnecessary investigations, as
well as inform genetic counseling. (2) SCNIA testing
should be considered in people with possible DS where
the typical initial presentation is of a developmentally nor-
mal infant presenting with recurrent, febrile or afebrile
prolonged, hemiclonic seizures or generalized status epi-
lepticus. After age 2, the clinical diagnosis of DS becomes
more obvious, with the classical evolution of other seizure
types and developmental slowing. (3) In contrast to DS,
the clinical utility of SCNIA testing for GEFS+ remains
questionable. (4) The test is not recommended for chil-
dren with phenotypes that are not clearly associated with
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SCNIA mutations such as those characterized by abnor-
mal development or neurologic deficits apparent at birth
or structural abnormalities of the brain. Interpreting test
results: (1) Mutational testing of SCNIA involves both con-
ventional DNA sequencing of the coding regions and
analyses to detect genomic rearrangements within the
relevant chromosomal region: 2q24. Interpretation of
the test results must always be done in the context of the
electroclinical syndrome and often requires the assis-
tance of a medical geneticist, since many genomic varia-
tions are possible and it is essential to differentiate
benign polymorphisms from pathogenic mutations. (2)
Missense variants may have no apparent effect on the
phenotype (benign polymorphisms) or may represent
mutations underlying DS, MPSI, GEFS+, and related syn-
dromes and can provide a challenge in interpretation. (3)
Conventional methods do not detect variations in introns
or promoter or regulatory regions; therefore, a negative
test does not exclude a pathogenic role of SCNIA in a
specific phenotype. (4) It is important to note that a neg-
ative test does not rule out the clinical diagnosis of DS or
other conditions because genes other than SCNIA may
be involved. Obtaining written informed consent and
genetic counseling should be considered prior to molecu-
lar testing, depending on the clinical situation and local
regulations.

KEY WORDS: Diagnosis, Epileptic encephalopathy, Guide-
line, Seizures, severe myaclonic epilepsy in infancy (SMEI),
Dravet syndrome, Sodium channel.

Genetic testing has become a powerful tool in clinical
epilepsy practice in certain situations. In particular, analyses
targeting the gene encoding the o1 subunit of the neuronal



voltage-gated sodium channel SCNIA (protein name:
Na,1.1), are clinically valuable in confirming the clinical
diagnosis of Dravet syndrome (DS). Mutations of SCNIA
may also be found as a cause of genetic epilepsy with febrile
seizures plus (GEFS+), migrating partial seizures of infancy
(MPSI), and rarely in other syndromes. Mutations of SCN1A
are found in 70-80% of patients with DS and in up to 10%
of families with GEFS+ (Scheffer & Berkovic, 2000). The
purpose of this report is to provide clinicians with practical
guidance for SCNIA gene testing. We discuss the Who,
Why, What, Where, and How of testing.

WHO
‘Who may have a positive SCNIA result?

Suspected Dravet syndrome (DS) is the principal
indication for SCNIA testing, and 70-80% of cases have a
demonstrable: mutation: DS typically presents between 4
and 8 months of age (range: up to 15 months) with recur-
rent prolonged convulsive seizures that may be lateralized
(hemiclonic) or generalized (Dravet, 1978; Dravet et al.,
1982, 2002). Seizures are often associated with fever or
occur shortly after vaccination, which has led to the misdi-
agnosis of “vaccine encephalopathy” (Berkovic et al.,
2006; McIntosh et al., 2010). Myoclonic, focal, and atypical
absence seizures may begin between 1 and 4 years. Infants
with DS usually develop normally in the first year. Develop-
mental - stagnation or regression becomes evident in' the
second year of life and cognitive outcome is usually poor. It
is important to note that the syndromic picture takes time to
evolve and early recognition may be challenging (Dravet,
1978; Dravetet al., 1982, 2002).

DS should be considered in infants with febrile seizures
(FS) presenting around 6 months of age, especially those
with prolonged and recurrent FS (Hattori et al., 2008; Milli-
chap et al., 2009; Fountain-Capal et al., 2011), hemiclonic
seizures, and seizures induced by bathing (Oguni et al.,
2001; Hattori et al., 2008). -

Genetic testing of older patients with an early history con-
sistent with DS helps to confirm the diagnosis of DS, which
may have been missed due to the relatively recent recogni-
tion of the syndrome or because of difficulties in obtaining a
clear early history. Providing a molecular diagnosis is often
extremely helpful to the family because it gives them an
understanding of the etiology of their relative’s epilepsy and
intellectual disability. It also informs the prognosis and is
key for genetic counseling for family members. Further-
more, recent evidence suggests that optimization of
treatment even in later adult life may improve cognition
(Catarino et al., 2011).

Individuals with MPSI

Infants with MPSI present with multiple types of focal
seizures that begin in early infancy and increase in fre-
quency and prove highly refractory to antiepileptic therapy.
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The key electroclinical feature is interhemispheric migra-
tion during a seizure (Coppola et al., 1995). Electroenceph-
alography (EEG) shows frequent multifocal epileptiform
abnormalities. MPSI is more severe than DS, with profound
developmental impairment, and is considered one of the
most severe forms of early infantile epileptic encephalopa-
thy. The syndrome is much rarer than DS and easily distin-
guished from DS by its clinical presentation. The main
cause appears to be mutations in KCNTI (Barcia et al.,
2012), but SCN1A mutations have been found in a few cases
(Carranza Rojo et al., 2011; Freilich et al., 2011). The strat-
egy for genetic testing here is yet to be firmly established,
but mutations in KCNTI should currently be considered
first, and then SCNIA may be examined.

Individuals with other severe infantile epilepsies

SCNIA mutations may also be found in approximately
50% of children with disorders that bear some resemblance
to DS. These include severe infantile multifocal epilepsy
(SIMFE) (Harkin et al., 2007) and intractable childhood
epilepsies with frequent generahzed tomc—clomc seizures
(Fujiwara et al., 2003).

SCNIA mutations are found in a small minority of chil-
dren (5% or less) with other specific syndromic forms of
infantile epilepsy including West syndrome (Wallace et al.,
2003), generalized or focal epilepsies of unknown cause
(Harkin et al.,, 2007), epilepsy with myoclonic-atonic
seizures (previously called myoclonic-astatic epilepsy)
(Wallace et al.,, 2001), and 'hemiconvulsion-hemiplegia
syndrome (Sakakibara et al., 2009). Routine testing in
patients with these syndromes is not currently recom-
mended.

Individuals with epilepsy in families with GEF S+

GEFS+ is a familial syndrome usually with complex
inheritance, but sometimes showing autosomal dominant
transmission. Family members have extremely variable
phenotypes, including typical febrile seizures, febrile sei-

“zures plus (FS+), and generalized and focal epilepsies

(Scheffer & Berkovic; 1997; Wallace et al., 1998; Scheffer
et al., 2009). - '

The clinical utility of SCNIA genetic testing for GEFS+
is limited because few families (approximately 10%) have
been found to have mutations, and the identification of a
mutation does not predict the phenotype that will develop in
an individual (Ottman et al., 2010). At present, therefore,
infants and children in families with GEFS+ should not be
advised to undergo SCNIA testing as it will neither influ-
ence management nor provide information recardmo the
patient’s prognosis.

Who is unlikely to harbor an SCNI1A mutation?

SCNIA mutations are not found in children with con-
firmed metabolic disorders, genetic syndromes, or those
with structural abnormalities of the brain. For a child with



an epileptic encephalopathy with features not found in DS,
such as neonatal onset, or developmental delay prior to
seizure onset, SCNIA testing is unlikely to be helpful. A
variety of other genes have been associated with early onset
epileptic encephalopathies, including ARX, STXBPI, and
CDKLS5 where developmental delay and interictal epilepti-
form abnormalities in early infancy are usual.

Another differential diagnosis to be considered is epi-
lepsy and mental retardation limited to females (EFMR),
perhaps better denoted PCDHI 9-female- limited epilepsies
(as not all affected females have mental retardation
(Dibbens et al., 2008; Scheffer et al., 2008), which share
phenotypic features with DS (Depienne et al., 2009). How-
ever, status epilepticus induced by fever is a rare clinical
presentation in this syndrome, which presents with clusters
of brief febrile seizures continuing over several days (Ma-
rini et al., 2010; Higurashi et al., 2011). PCDH19-female-
limited epilepsies are less likely to be associated with myo-
clonic and absence seizures, more likely to be associated
with autistic features, and carry a better intellectual progno-
sis than does DS (Dibbens et al., 2008; Scheffer et al.,
2008). PCDH19-female-limited epilepsies have a distinc-
tive inheritance pattern as only females are affected, so rec-
ognition of this pattern in a family suggests that PCDHI9
may be more appropriate for initial testing than SCN1A.

Way k

Why is SCNIA testing useful in DS?

Molecular confirmation of SCNIA defects supports the
clinical diagnosis and is of considerable importance for
genetic counseling. Knowledge of the gene involved will
guide the selection of antiepileptic treatment. Some antiepi-
leptic drugs such as specific sodium channel blocking
agents, for example, carbamazepine and lamotrigine, are
contraindicated as they may aggravate symptoms (Guerrini
et al., 1998), whereas stiripentol has been shown to be
effective in children (Chiron et al., 2000). Anecdotal evi-
dencé suggests that the early use of appropriate drugs, and
avoidance of medications that may worsen DS, may lead to
an improved long-term outcome, but this needs more rigor-
ous assessment.

When an SCN/A mutation is identified, the parents must
be investigated for this particular mutation to establish if it
has arisen de novo. Among SCNJA mutations identified in
patients with DS, 90% are de novo (Depienne et al., 2009).
The remaining 10% of identified mutations are inherited
and family members often have milder GEFS+ phenotypes.
It is notable that there are now many well-documented
instances of mosaicism (i.e., a mixture of mutation-carrying
and noncarrying cells) in the parents of DS patients, either
in the germ cells (parental germ line mosaicism) or somatic
cells (parental somatic mosaicism). Both forms of parental
mosaicism markedly increase the risk of parents having a
second child with DS (Depienne et al., 2006). Also notable

is that the percentage of abnormal cells in the mosaic parent
correlates with whether the parent is affected and the sever-
ity of the parent’s epilepsy (Depienne et al., 2010). These
observations highlight the importance of genetic counseling
for families with DS or another SCN]A related epllepnc
encephalopathy.

WHAT
What do the tests mean?

Comprehensive evaluation for an SCNIA mutation
requires that two different testing methods be performed
(Table 1). Conventional DNA sequencing has the highest
yield and should be carried out first to screen the gene’s cod-
ing regions and associated splice junctions. The approach is
based on classic PCR (polymerase chain reaction) method-
ology followed: by Sanger sequencing. Because directed
sequencing is limited in coverage and commonly restricted
to gene regions likely to affect the encoded protein and pre-
viously identified regulatory regions (the coding sequence,
all splice junctions, and—in rarer cases—the 5’ and 3’
untranslated regions as well as the proximal and distal pro-
moter, mutations in areas of apparently lesser relevance can
be overlooked (Nakayama et al., 2010). Second, multiplex
ligation-dependent probe amplification (MLPA) or compar-
ative genomic hybridization (CGH) (Mulley et al., 2006;
Suls et al., 2006; Wang et al., 2008; Marini et al., 2009)
should be carried out to detect genomic rearrangements,
such as microdeletions or microduplications within SCNIA
and also in the SCNIA gene neighborhood of chromosomal
region 2q24.

Table 2 explains mutation nomenclature. Truncations of
the o1 subunit of Na, 1.1, which often result from nonsense
mutations, splice site mutations, and small insertions and
deletions (indels), are likely to have considerable impact on
the function of Na, 1.1 and hence to cause severe phenotypes
such as DS or MPSI. A missense mutation is a single nucle-
otide mutation that alters only one amino acid. Compared
with truncation mutations, missense mutations generally
have less impact on the Na, 1.1 function but nevertheless are
responsible for about half the cases of DS, so the nature
of the mutation does not allow the clinician to confidently
predict the phenotype (Zuberi et al., 2011). The SCNIA
mutations identified in GEFS+ have been largely missense
mutations. Missense mutations altering the polarity of the
amino acids in the pore-forming and voltage-sensor regions
may be more likely to have a severe phenotype (Zuberi
et al., 2011).

Genomic rearrangements, typzcally chromosomal mic-
rodeletions and microduplications, may involve several
genes contiguous to SCNIA and hence result in severe forms
of DS and other epilepsies, but sometimes with more exten-
sive features involving other systems.

The SCNIA mutations identified are heterozygous,
affecting one allele (either the maternal or the paternal gene
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Uncommon/rare

coding variant
found in general
population

Common Explanatory examples
Type of variations phenotypes phenotypes for the description (Lossin, 2009)
Small scale variations
Missense mutation DS, GEFS+ MPS|, SIMFE, c.3820T>A:p.Y1274N
ICEGTC ¢.5075T>C: p.F1692S
Nonsense mutation DS SIMFE c. 1834 C&T:p.RSI2X
€. 3858 G>A: p.W1286X
Splice-site mutation DS €265-1G>A
c.1662+1G>T
Deletion mutation DS MPS! ¢.429_430delGT:p. VI43stX!49
¢.5296_5298delTTT: p.FI766del
Insertion mutation DS €.992-993insT: p.L331£sX340
c.1640_1641insA: p.K547fs X549
Large-scale variations ’
Microdeletion Ds
Microduplication Ds SGE
cf) Nonpathogenic small-scale variations -
Poiymorphlsm Nonpathogenic c.1662G>A: p.Q554Q

c.5771G>A:p.R1924H

(1) Small-scale SCN/A variations

dence drawn from in vitro or in vivo testing or in silico analysis.

DS, Dravet syndrome; MPS|, migrating partial seizures of infancy; GEFS+, genetic epilepsy with febrile seizures plus; SIMFE, severe infantile multifocal epilepsy;
ICEGTC, intractable childhood epilepsy with generalized tonic—clonic seizures, SGE, symptomatic generalized epilepsy.

Missense mutations are due to single nucleotide exchange resulting in a substitution of a single amino acid. This exchange suggests protein dysfunction using evi-

Nonsense mutations generate premature stop codons truncating the «| subunit molecule, thus named also “truncation mutation.” The truncation mutations gen-
erally result in DS or related epileptic encephalopathies. They are designated by adding an “X” at the end of their descriptions, for example, c.C1834T: p.R612X,
€.429-430delGT: p.V143VfsX149. )

Splice-site mutations are located in the vicinity of a splice junction at the intron/exon boundaries. They affect the messenger RNA (mRNA) and lead to consrder-
able changes in the ol subunit amino acid content (e.g., exon skipping, nonsensical translation of introns) that commonly result in premature truncation due to sto-
chastic occurrence of a stop codon. Determining the effect of splicing abnormalities is challenging and usually exceeds the scope of standard genetic analyses. As
such, typical genetic testing will comment only on those splice-site mutations that have been previously extensively studied in a laboratory and have proven func-
tional impact. ) \

Deletions of base pairs have one of two consequences: (1) an in-frame deletion eliminates one or more amino acids from the ol subunit molecule; (2) a frame-shift
mutation recodes all residues downstream of the variation site and frequently results in a premature stop codon. As such they severely impair protein function.
Several meta-analyses attempting to identify SCN A genotype—phenotype correlations have found evidence for higher seizure seventy with structurally/functionally
more significant changes in the Na, 1.1 protein.

Insertions are analogous to deletions. They add contiguous nucleotides in the SCN/A gene. The consequences are also similar to that of deletion mutations, com-

monly resulting in DS.
(2) Large-scale SCN/A variations

gene reglons

SCNZA, SCNTA, etc.) are involved (Wang et al., 2008).

2011).

Variations of this kind commonly affect the copy number of the SCN/A gene as they involve chromosomal rearrangements that may delete or duplicate entire

Microdeletions: Approximately 10% of all individuals for whom conventional sequence analysis of SCN/A does not reveal any abnormalities harbor mlcrodelenons
that may affect not only SCN/A but also adjacent genes (Wang et al.,, 2008; Marini et al;, 2009). Microdeletions typically cause DS, even if adjacent genes (e.g.,

Microduplications: Chromosomal duplications ranging from | kb to several Mbp are a rare cause of DS (Marmx etal, 2009 Heron et al 20|0 Raymond et al,,

Explain the potential benefit and harms of the test
Disclose limitations of the test

Provide genetic counseling

Obtain written informed consent depending on local regulations

copy). As noted above, in DS most SCN1A mutations are de
novo, occurring for the first time as the result of a genetic
event either in the germ cell line of one of the parents or dur-
ing early embryogenesis, since neither parent has the muta-
tion. The possibility of germ line or somatic mosaicism
needs to be considered (see above). Detection of SCNIA
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mosaicism is often difficult, especially when it affects the
germ line, which complicates genetic counseling for DS
(Depienne et al., 2006; Gennaro et al., 2006; Marini et al.,
2006). In contrast, cases of GEFS+ with SCNIA mutations
are usually familial, although de novo cases are known.
Occasionally, a patient with DS may be observed in a family
where other members have GEFS+ with mild seizure disor-
ders. All the affected family members have the familial
SCNIA mutation and it is presumed that the more severely
affected family member with DS has additional genetic
variants that contribute to their severe phenotype.

Databases listing all currently reported variations are
available: The SCNIA Infobase (http://www.scnla.info/)



