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Genetic analysis study of febrile seizure, generalized epilepsy with
febrile seizure plus, and severe myoclonic epilepsy in infancy to
establish genetic diagnosis of the convulsive disorders.
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Tab.l Summary of the results of genetic analyses and clinical features of patients

" . . . N Psychomotor
No. Diagnosis Sex Exon Mutation Age of onset Myoclonic seizures Atypical absence retardation?
1 core SMEI F 3 V144£sX148 < lyear old + + moderate
2 core SMEI F 5 R222X < lyear old + + severe
3 core SMEI F 4 WIS0R < lyear old - + moderate
4 core SMEI M 9 E435X < lyear old + - mild
5 core SMEI F 12 R701X < lyear old + -+ severe
6 core SME1 F 12 R701X < lyear old + - moderate
7 core SMEI F 15 M9241 < lyear old + + moderate
8 core SMEI F 15 R936C < lyear old + - moderate
9 core SMEI F 15 W942X < lyear old - + moderate
10 core SMEI F 17 L1165fsX1172 < lyear old + + moderate
11 core SMEI M 21 R1397X < lyear old + - moderate
12 core SMEI F 25 M1549del < lyear old + + moderate
13 core SMEIL F 26-1 R1635X < lyear old + + moderate
14 core SMEI F 261 F1682S 3 months old” + - severe
15 core SMET F 26-1 Y1684C < lyear old + + severe
16 core SMEI M 262 Y1771C < lyear old - + mild
17 core SMEI M 263 R1882X < lyear old - - moderate
18 core SMEI M 263 R1882X < lyear old + - moderate
19 core SMEI F 26-3 R1902X < lyear old + - mild
20 core SME] M - - < lyear old + severe
21 core SMEI M - - < lyear old + - moderate
22 core SMEIL M - - < lyear old + - moderate
23 core SMEI F - - < lyear old + + severe
24 core SMEI F - - < lyear old + + moderate
25 core SMEIL M - - < lyear old + - severe
26 core SMEI F - - < lyear old + + severe
27 core SMEI M - - < lyear old + -+ severe
28 core SMEIL F - - < lyear old + - moderate
29 core SMEI F - - < lyear old - + severe
30 core SMEIL F - - < lyear old - + moderate
31 core SMEI F - - < lyear old + severe
32 SMEB M 2 R101Q < lyear old - - moderate
33 SMEB F 15 M9241 < lyear old - - mild
34 SMEB F 15 V934A < lyear old - - moderate
35 SMEB M 15 R936C < lyear old - - severe
36 SMEB F 15 R936H < lyear old - - severe
37 SMEB F 21 L1345p < lyear old - - moderate
38 SMEB F 26-2 F1756del < lyear old - - severe
39 SMEB F - - < lyear old - - moderate
40 SMEB F - - < lyear old - - moderate
41 SMEB M - - < lyear old - - moderate
42 SMEB F - - < lyear old - - severe
43 SMEB F - - < lyear old - - mild
44 SMEB F - - < lyear old - - severe
45 SMEB F - - < lyear old - - moderate
46 SMEB M - - < lyear old - - severe
47 SMEB M - - < lyear old - - moderate
48 SMEB F - - < lyear old - - moderate
49 SMEB F - - < lyear old - - moderate
50 SMEB F - - < lyear old - - mild
51 SMEB F - - < lyear old - - severe
52 SMEB F - - < lyear old - - mild
S3 SMEB M - - < lyear old - - moderate
54 SMEB F - - < lyear old - - moderate
55 SMEB M - - < lyear old - - moderate
56 SMEB M - - < lyear old - - moderate
57 SMEB M - - < lyear old - - moderate
58 SMEB M - - < lyear old - - moderate

SMEI: core severe myoclonic epilepsy in infancy and SMEB: borderline SMEI
' See the detail in the text, 2 Mild: 1Q/DQ=60-80; moderate, 30-60; severe, less than 30.
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Tab.2 Individuals with mutations of Na*
channel al subunit gene SCN1A

Mutations SMEI SMEB p
(o=31) (0=27)
Without mutations 12 (38.7%) 20 (74.1%)
With mutations 19 (61.3%) 7(25.9%) <0.05*
Missense mutations” 7 (22.6%) 7 (25.9%)
Trunc ation mutations 12 (38.7%) 0 (0%) <0.01°
Nonsense 10 0
Frame-sift 2 0

SMEIL core severe myoclonic epilepsy in infancy, SMEB: borderline cases of severe
myoclonic epilepsy in infancy (see diagnostic criteria in Materials and Methods).
*Continuity-adjusted y* test. “Two deletional mutations, c.461_3delAAT: M1549del
and ¢.5266_8delTTT: F1756del were included in SME] and SMEB, respectively. Tw
missense mutations, ¢.2772G>C: M9241 and ¢.2772G>A: M924[ were found in both
SMEI and SMEB. ‘Cochran-Mantel-Haenszel statistics.
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Tab.3 Distribution patterns of missense
mutations in GEFS+, SMEI, SMEB,
and the total SMEI group

GEFS+ SMEI SMEB  SMEIBS

Sl 0 2 0 2
S1-S2 linker 1 0 0 0
S2 1 2 1 3
$2-83 linker 1 1 0 1
s3 1 1 0 1

N-terminal 0 3 1 4
C-terminal # 3 1 5t

Pale shadowed area shows the “voltage sensor" region in SCN14

Dark shadowed area shows the "pore” forming region in SCN14

}: P1668A and M1852T are counted in both GEFS+ and SMEI, and
T17091 both in both GEFS+ and SMEB

9. F1692S is counted only in SMEI, because the father of the patient
with F1692S showed only simple FS.

*: T808S/N 10118 is counted both in S2 and in the interlinlker domain.

. R931C, M934], and R946C are counted both in SMEI and SMEB.
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TIIRTEREBICERE AT 5 D DITEH
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SN7:RI6CERD, 414 v BIRFORK %
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L7 (Fig2).
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B.
*: p=0.091
- With ataxia Without ataxia
L T i
L pore region 15 5
other TM 1 5

pore voltage other C-IN-
region  sensor T™™  terminal

Result of clinical data analysis. (A) Mean disease onset in the total SMEI group
classified by mutation location. Pore region; mutations present in that region (S5, S6, or
55-S6 linker). Voltage sensor; mutations present in the voltage sensor region (S4).
Insulating region; mutations in internal homologous regions other than the pore and
voltage sensor regions. C-/N-terminal; mutations in the C- or N-terminal. *p=0.091. (B)
The number of subjects with/without ataxia in the total SMEI group divided according
to the mutation location. With ataxia; number of SMEI patients with ataxia. Without
ataxia; number of SMEI patients without ataxia. * p=0.018

B’['xnan SCNIA D936-Wos7
Haman SCN2A D927-Wo48
Haman SCNZA D918-W949
Haman SUNA D746-W763
Haman SCNSA4 D833.1A004
Human SCNSA D921-Wo42
Human SCNI G4 D834-Wa55
Ratsenia Dy36-wWy5s
Rat senfa D740 Wié1
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(A) Distribution of reported missense mutations in SCNIA. Solid-circle: missense
mutation identified in SMEI patients; open-circle: mutation identified in SMEB, meshed-
circle: mutation identified both in SMEI and SMEB; open-square: mutation identified in
GEFS+; open-diamond: mutation identified both in an GEFS+ and SMEI/SMEB
patients; open-triangle: mutation identified in patients with idiopathic generalized
epilepsy. R946C is indicated by the arrow. (B) evolutionary conservation of arginine
residue 946 (R946) and amino acid alignment near it. R946 and surrounding amino acid
alignment are highly conserved among SCNI1A, SCN4A, and scnda. R946 in SCNIA is
comparable to R756 in SCN4A and R750 in scn4a (enclosed by the dotted box).
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Summary
Genetic analysis study of febrile seizure, generalized epilepsy with febrile seizure
plus, and severe myoclonic epilepsy in infancy to establish genetic diagnosis of the
convulsive disorders.

Sunao Kaneko, Motohiro Okada, Gang Zhu, Kazuaki Kanai, Goryu Fukuma, Sin-ichi Hirose,
Toshio Kojima, Masatoshi Ito, Hirokazu Oguni, and The Epilepsy Genetic Study Group, Japan.

Purpose and Method: Febrile seizure (FS), generalized epilepsy with febrile seizures plus
(GEFS+), and severe myoclonic epilepsy in infancy (SMEI) are all known as convulsive
disorders associated with fevers in infancy and childhood, but are distinct form each other in
terms of its clinical symptoms, severity, prognosis, and responses to antiepileptic drugs. To
establish the genetic diagnosis for these fever-associated convulsive disorders, we studied A)
the linkage study with 5cM genome-wide scan for 96 patients with febrile seizure, B) the
mutation analysis of sodium channels in the 58 patients with SMEI and borderline SMEI
(SMEB), C) the meta-analysis of the genotype-phenotype relationship in the patients with
GEFS+/SMEI/SMEB with SCNIA missense mutations, and D) comprehensive genome-wide
mutation screening for candidate genes for convulsive disorders. Results: SCNIA mutations
were identified in 26 (44.8%) of 58 individuals, and were more frequent in SMEI group (61.3%)
than in SMEB group (25.9%). Mutations resulting in a molecular truncation were found only in
SMEI group. Mutations in SMEI/SMEB occurred more frequently in the "pore" region of
SCNIA than did those with GEFS+. These SMEI mutations in the "pore" regions were more
strongly associated than mutations in other regions with the presence of ataxia and tendency
to early onset of the disease. The possibility of participation of ion selectivity dysfunction of the
channel in the pathogenesis of SMEI was suggested by a mutation in the pore region (R946C)
identified in a SMEI patient. We found the mutations of new responsible gene X in the patients
with GEFS+/SMEIL Conclusions: Our results confirm that SMEB is a part of the SMEI
spectrum. We found a significant phenotype-genotype relationship in GEFS+ and SMEI with
SCNIA missense mutations, i.e, mutations in the pore region resualting in more severe sodium
channel dysfunctions might be involved in the pathogenesis of SMEI], and this may produce
the difference between GEFS+ and SMEIL Several mechanisms including abnormal ion
selectivity may also be involved in the "more severe sodium channel dysfunctions’. The
relatively low prevalence of sodium channels mutations in the patients with FS/GEFS+/SMEI
suggests that other responsible or modifying genes will be involved in the pathogenesis of
FS/GEFS+/SMEI, and our discovery of mutations of the gene X will be one of crucial keys for
the establishment of genetic diagnosis of epilepsy.
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