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Generation of transgenic mouse lines that express the green fluorescent protein
under the control of the Senla promoters

E/ S | T S AR || I O AR = G S S B R || B R/

BS : DravetE R IIFLIEMIIEOMA TANATH Y, BUEEEF MY Y2 F v 20
al (SCN1A) EET2#HEBIET LT 5, TFV~<Y AR, VT T VT3 VB
(PV+) ¥PHITEMBL O 5 KIKIFAFAEREME T v, BAEEMAIE, W, ERERICFES T
5T L EREL. AR, WEBBHICHLZARMY 7% 4 7% HliC
SCNIA#IET 70 E— & — il F TRty » 287 (GFP) 2RI L~ A&/ L
GFPL W7 ¥ 4 7~ — 5 — OB AN L7zo FEAE, HIHIVEIL C 12 IZ1Z100%DPV -+
WaA3GFP% 583 L, GFPIEHMML DO 20%A0PV+TdH o 720 F 72, EHE OB
GFPRBlZ RO b o725, K E TIE, BEMHMILOT-15%25GFP% 5Bl L, GFP#HL
ML 12-30% % BAEVEMIEAS E O 720 DLEOKRIE, TN AWRORET 5 iHE S
L —8T %,

ThADABEREIREME MEER 2017 ; 28 : 47-54

Key Words : Dravet syndrome, SCNIA, GFP, excitatory neuron, inhibitory neuron

[iZL®IC])

Dravetfii 5 #f 1X, 19784F IZDraveti# 4 2350
WUZHAREREI S 70 =—TANA (severe
myoclonic epilepsy in infancy, SMEI) % Hit%
BT 2ARMEREOHBTANPATH S,
WA DFIEI R A I Z 5 BT VAT
HHIENELL, IEEBEL L, BT

Wz T OMEMARESL I 70
Z—RBELWMBT S, LT, 2P A
BAT R HEARATE) IR, EEEH AR L,
TAD ANERE & N 5 R8I WA 5 o 20014F

1ZClaes 5 1, DravetiE B HE B o BALMKA
FrUTLAF ¥ A IVal (Navll) #3— 7§
% SCNIABE I\ CER 2 Wi L7z Zo#E
LIRE, AFH 5800% W 2 5 SCNIAEGTE
ROWENDH 5,

20074F 12 & 4 1%, Dravetdi ik # B & »
SCNIABIZ FAERZBEA LB THE/ v
24y ARERLEY, AT uEAR) v
74 =y ZZIEFICHAE L 22AS, DravetdE
BRI, FLBHICCALAZRIEL,
X512, BFERETVNARSE), HAMTH
KT, iEEmED 2L, Mkt

VAARER KRS R VAT 2B
(T113-8602 HEARSCHIX F-BLAK1-1-5)

DHEALAERRIET  RER A v &~ MREERTZE T — A

Ikuo Ogiwara"

(1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8602, Japan)

? Tetsuya Tatsukawa”, Emi Mazaki®
YDepartment of Physiology, Nippon Medical School, Tokyo

). Kazuhiro Yamakawa®

?Laboratory for Neurogenetics, RIKEN Brain Science Institute, Saitama



TADARITICIRALN R IF784EH 58285 20174E 9 A

48

YAt X, NSV TTNT I VB (PV+)
1 ol 58 e D il % k2 4 R~ DO Nav L1 Ja £
MRBREZWL,IILEY, 2L T, BRAEMHS
FOFEAT X, Navl.1 8 2SPV -+ 30 il P4 e i e
OFEBERRITN A3 2 dbitE 5K % % L < I8eY
g EEWSMIILEY,

AR, EEOMMLEIRMICSenl aB s T % ]
WCTXbarv5F4 Y aFNSenlaEiny /v
T M T ANKA B ELEBOMIES — A1
X o TRZE SN, PV+HIIHIE R o b
BIETATADPADTERTETH L LY,
X512, BEAEVEMRSHIIE O Scnl ai (s T-HEE
DRAEIHED SHRIED ) A7 IR T E¥H T &
BRBERZY, L Lads, SHEELE
B X RO R T, Lot Ty
A TIWSCNIABIEZ T # B L TV L 0IZo0n
T, ZOELPAWTH S, RNA in situ />
A7) FA4¥—2a viEld, SCNIA mRNA%E
BEBDHRVZZOICHRBREDT V. S 512
1, SCNIAFEFHSCN2A, & 5\ IZSCN3A
BAET & OB VW 720 IR E 2 11
BT e L SRRk L e ttd, Ak
M, H25WVITTEENICHL P ZRGAICRELT
BWHTEETH 57280, SCNIAELE T ZBIMN
DFEICARRED D B, 2T, A%,
SCNI1AB Az T 5B o Ml o fk Aokt it e &
vs%27 (GFP) TWH#HAILTE A+ VATV
=y I A% - BT L, SCNIA#IET
BT HMBEMIEOY T 5 4 T A A
720

(5]

REFZEIC BT 5 M 2 DNAZEER, 7 5 OIS
B EEE, HAREORED 2 A, 2l
VT 24, JREHICHE U 22 LA ST N
HHEOHPA TITbh 2, BisTRLEW %
725, BLEE eSS HMER AT
BUEN, HAL FFA Vo TiTb,

1. SCNTABEFERBRFHRIE~Y I ZADER

SenlaBZFIERIGHEIE L ¥ v 72— F
WA SN 7)) 7 ALk (BAC) %
the BACPAC Resource Center at Children's

Hospital Oakland Research Institute X 1 B A
L, Red/ET #lAHe 2 A FAMIE 2 (Gene
Bridgestt) # Hw T, BACA v¥%— M E®D
SenlaBfnTHE—a—74 77y AR
B4 2 ¥ > 5847 ICGFPi# {5 1 (TaKaRa BIO
) A4 7L —2ITHALZ, KIS, WE
BAC% #llBRE%#Sac 1T (Toyobott) TiHALL,
Fuvasr#rux by 774 — ik (CL4B
sepharose ; GE Healthcaretl) #H\WTA ~
#— FDNA (~190 kb) ZREH L7z, D,
HRYEBACA % — FDNA%C57BL/6]~ 7
AZHIBOFAZIEAL, B~ 7 2 DIPE~
B L CEF2572. ZOREFOFTHGEFP#
2 F HPCRETHER S NHAKIIO VT,
C57BL/6]~ 7 A L RRE L, WILARIZGFP#EE
T 25| & SPME L72e 2L C, GFP#faT
% RMAUARHE L 72 R HEIC> W T, GFP#EBL%
HOGBEMEE T CHIZ L, JFICHDUEEOMm2
S (#184& #233) #=#B L, C57BL/6J &R
LAk L CRIMERF 217 o 720 ABFZETIE,
TR E AT — T TR A o 72 #233% FAMEH L 7225,
#184 & #2330 R HOLFE BB D 7221378 D 72
oz,

2. Emx1-Cre/ v 74> J)RAEAI14T IR

EmxlCre/ v 7 4 v < A%, SEH+
(AL AwEgelr AR et v ¥ — 17
B EEFEAETF — o) aaEt (Fba
WrgERT Rk IisEE v ¥ —  ATEhEIEY:
BB T — o, B BV MR BE
BIZWFZEEM) KO AFE L, ZO<7 A,
&l o> B P A L R 2 1 LS Cre ML A 2 TSR %
P 5%, C5TBL/6] & IR LASHE L TR
FEiT-o72,

Ail4= 7 A ( #007914, B6. Cg-Gt(ROSA)
26Sortm14 (CAG-tdTomato) Hze/J) 1Z, the Jackson
Laboratory X W BEA L 720 2D X%, Cre
FAM 2 R A RIT A Ml CAREEE Y vo%
27 (RFP) 2%H T 5, WA CRFHMER %
1To 72

WA PRGN # REPCH #4L 3 5 72012,
Emxl-Cre/ v 74 <2 ALAIAR T A %K
B L, Emxl-CreAild¥ T NVER< Y X 215872,



TADARITICIRALN R IF784EH 58285 20174E 9 A

3. 7IXAZ>7OvY bk

~ 7 A& L C0.32M ¥ = FERR AT R T
RETFA AL, B0 TR ROENE &
Y Brwfic, BEhE.O T g Gk & m
) XLy b (BEWS) (258 L 7. kIS,
MW 55%R) 7 7 ) NVT I R NVERKEE:T
SEEL, —btukira—2X 7L (Bio
Rad#h) C#E%5 L, HiNavl1Pifk”, HiGFPH
& (Abcamtl), HH VP p-F2—71) ~
Puik (Sigma-Aldrichtl) & s &872, A ¥
TLrEEER, WEETEVER TS
TR L7 ZWkbifk (Promegafl, Santa Cruz
Biotechnologyfl) & Rt &8, )+ F ¥
F—EiEEEFH LS KRE/ASE L
(Western Lightning Plus ; PerkinElmertl) 12
IOHBS v s R L72.

4. wEEBEERE

XTI AEA%INT IV AT IVT N CHETE
Ef, MR L CHis, # L, ki, #
YWY %4% 70y 72— (DS7 7 —< /54
FAF4 AN TTEY XL, HiNavll
PR RHIGFPHUE (F7 54 7 A 240, L7
v % 1Y YGIL 4K (Santa Cruz Biotechnology
), PV T TV 7 3 VPR (Swantih), B
V< b A% F Pk (Merckth), $ih v LT
= U ¥tk (Swanttl), HIRFPHUMA (EE-4EWY
ERFGERTAL) &R 847, VIR & PRk, W
5t H 5 v idbiotinT £ #k L 72 = K LK
(Thermo Fisher Scientificft, Jackson
ImmunoResearch Laboratoriestl) & Kt &t
720 biotinff ik KPR T RIS S 728 h 12>
WTIE, X518, #ILEH L 7-streptavidin
(Thermo Fisher Scientifictl) & Kt & & 72,
ZLT, YhostrtENL - —AF v ¥
Wi oMk % ¥ A 7 A& (TCS SP2: Leica
Microsystemsflt) THH - #iig L, W%z v
7 b w7 = 7 (Adobe Photoshop Elements ;
Adobe Systemstl:) THLELL 72,

49

(#&R]

1. SCNTAEGFRIRFIRIE~ Y ZD/EH
b i3

SCNIABLF %33 5 g o Ma ik z vy
WHALT 5720, SenlaBfnt 70— % —iilfH
TYCGFPA2%B T ABACI I v AV = v ¥
< AEEWM L7z (Fig la), £ LT, 2%2%
(#184, 233) 2oV, X% r7uav k
P 5 L CGFPR M 2 R L 72 (Fig. 1b),
GFPZBLSWNAEMENav LIS HIC R B2 5 2 7
Wk vrxrrray MECIY, R
L7z (Fig. 1c)o WIZ, i & KK E % &t
YY) R A R L CHORIRMEE T CGFPR LA
Bzt L7 (Fig 1d). #HBICBWT, %Ml
THLT YEYHOY T I F VMR HRIE 0
BRI CGFPERBLA MU L e 2o 7228, T
E VAR EIRENHAE T 2 A FEEAIIE I GFPSE
BAMI L7z KN T, HIROGFPHBL
ZIVII—IVIE, Z LTV L7225, £
OHFROGFPHEHL & O B i EHREE 2 7R 37l
fatkx B BIVIT—VUB ISEAEE IC B 72, &
512, Navll1&GFP, 7%V YGE DL ER
PERIRRAL - Yet01Z, Navl.l ZGFPIBIMILD 7
¥ v GRtkhERRTC B L7z (Fig led)o
Db o BigsE 513, GFPIRBLAScnlaiifs 38
He2HBETETWALI L ZRET 5,

2. HEMRY T 424 T —h—EGFPD
H RN

WIZ, NVTTIVTIVRYI MRS TV,
ANVLF =& v 2R 7 5 A
T — 7 — LGFPOILBIFNT 2 1T o 720 F
3, PUSVT TV I R E T L
YR IZ2WT, 1Z12100%DPV+Hll i A’GFP %
FEHL, GFPZREHMNILDFK20%2PV+TdH -5 72
(Fig. 2af)o PV+HLOGFPHGHRIE X, 73V
TTNT I VEREOME L D ENEHTIZH -
720 WIZ, PV P AYF UHURT A L2Y)
FIZ2oWT, B TIERHI0%DO Y~ N A5 F
R ASGFP % 8Bl L T\ 7225, GFPZEHIM
W D #15%DSY < P AYF U B TH o 72
(Fig. 2g)o KMEE TIX, #20%D V< b A



TAPAGHRITZEIRBE PR 55285 2017429 H

50
a SendaREF ScnlaBfEF e #33 N c ¥ i
voar/ a—HilHE———— - g e g e
| [ 2f §e of fg
BACA 4 — 1 i i GFP — —— —
=150 kb Hima s . -
= P 3 =T o e g —
BEBACSH 2rtr—= = et PFa—TUy — —

Fig. 1 SCNIABETFHBTHEAL~ Y X DO/ER

(a) BAChI YAV z=v 77 ADGFPEIETHIIIScnlalfzT7uE—%— (KF) X -T
EEINns, (b)) Ay r7ay MEFBACFS YAV xz=v 7 <7 A (TG) \ZGFPHM % it
T 5. (c) GFPRIUINAEENavIIFBRIGEE L2V, (d) 165H T VAV 2=y 737 ADiHE
B - KN EIZB VT, GFPRIIIEBAEEIC i 5, 72, BHE7 Y EVAOE T I FIUHll
R MR A O JERIEICGFPRBL Z MM L, CA; 7Y E VM, DG WIRE, p: ¥5 3 ¥V,
g BERABEIE, A4 — 0 oN— 1 600um. (e—1) GFPIEBIMINL O HFEEIEIRICNavI1ARAET %0
GFP (e, i:#%), Navll (f, j:#), 7vFU G (g k: %), +DAPI (B #H) &% (b Do
KENZ, GFPREHAMMICEBWT, Navll2VRET 27 ¥ ¥ Y CHMEOEERIGEZ RT. #E (e—
h), KWEE (-1, A&7 —i3—:25um.

7 F UM AGFPZ 53 L, GFPRHEMI
DH2%NV < N AFF v EETH - 72 (Fig.
2. EHIT, ANV F = UhikTY L7
YR IZoWT, #3022540%DH VL F=
P 2SGFP% 283 L, GFPZEBLHIL » £96%
WAV LF= U TH -7 (Fig 2mr)o

NS UAY =y 7= A RFP TR
TR % WAL L 72 Emal-Cre; Aildy 7 V%
Ry AERBL, EFNKORFPEGFPOHG
BNy — R L, KINEEIZBWT,
II/TIRE T id, REPES I BE Al o %
15%AGFP% %3 L, GFPZEILMINL @ #30%A*
REPFHJIE MR TH 72, V, VIET

(&, RFPZEHL B VA #E MR O #97%H3GFP %
FEBLL, GFPZHEBUMNIE DOK12%ARFPIEBL# S
PRI TH - 72 (Fig. 3)o

€39

Afgeix, rOINFTTOHMRE—FHL
T, Sendait Az 750 E A R B & B
ARSI O FIZHI L TnwD T L 2R L
720 ZLC, PVHIIHIEMREA RO IZIZTX
TICGFPHEBBOH N2 L, ¥, 20
SEBBE SIS E o722 & 1%, PVHD
HARIL D CTADPABENDOE G 2 T
b0 12, V< b AFF VMR AR R



TADARITICIRALN R IF784EH 58285 20174E 9 A 51

=L + DAPI

Fig. 2 MM~ — & — & GFP D JL 5 BT
(a—f) GFPIZ SV T 7T I VIGHARHBOIEE A LETIIRBENS, (g-]) YR MAYF U
B PRI C D W, R TIRIZIZE TGP s N5 2%, KINEE T3 TH b, (m—1)
GFPASA NV L F = Vil S5 2 L 3 Th b, KIHIZGFPE £k~ — 4 — oD
Wi A S B MR R Yo W (a—c, g—i m—o), KBEHE (d-f j-L p-1), Ar—J
IN— 125 um.

AOY T I 5V MR SR B O BRI 121X
GFPZHL 2 i e dr o 7275, KIMEE Tlafl
& O FAEVE ARSI GFPIS Bl & 500, #e i Bl
VARSI D 22RIE ) A 7 ~DH- % R IE§
BEADHRBE =T 5", ARz, X2

Fig. 3 KB B YEARRMILIC B1F 2 GFPO % PHOGFPRBMNAD T 75 4 T2 W 6 512T
BURAT X725, BRD OB T A TAMT, Hi
(a-c) GFPAHVAN pe FLHLAE PEAMINE 12 1% & BEBRELEET S,

Mo E3HMiTH D, RANZGFPFEBLM
fazRd, REIZGFPRBIASHRINE NS

AR L RT. A7 —noN— (51 AxCHk]
50 um. 1) Dravet C, Bureau M, Oguni H, Cokar O,
Guerrini R. Dravet syndrome (severe myoclonic
OWTHGFPRILZED /-0, T OIS epilepsy in infancy). In : Bureau M, Genton P,
JRREICHH G- 5 & T ARIEDOWIZEHRE & FIE L Dravet C, Delgado-Escueta AV, Tassinari CA,
HWw o X512 h L F = B IR Thomas P, et al. eds. Epileptic Syndromes in
IZOW T HGFPI B 2 o 7275, Z Ok Infancy, Childhood and Adolescence, 5th edition.
DIREANDHGIZOWTIZSHBROMEZ LE L Montrouge, France : John Libbey Eurotext,

T 5, PRI OWT, BET V'Y 2012 ; 125-156.



52

2)

3)

T A AR ZEHR L ]

Claes L, Del-Favero J, Ceulemans B, Lagae L,
Van Broeckhoven C, De Jonghe P. De novo
mutations in the sodium-channel gene SCNIA
cause severe myoclonic epilepsy of infancy.
Am ] Hum Genet 2001 ; 68 : 1327-1332.

Ohmori I, Ouchida M, Ohtsuka Y, Oka E,
Shimizu K. Significant correlation of the
SCNIA mutations and severe myoclonic
epilepsy in infancy. Biochem Biophys Res
Commun 2002 ; 295 : 17-23.

4 ) Sugawara T, Mazaki-Miyazaki E, Fukushima K,

5)

6)

7)

8)

9)

Shimomura J, Fujiwara T, Hamano S, et al.
Frequent mutations of SCNIA in severe
myoclonic epilepsy in infancy. Neurology
2002 ; 58 : 1122-1124.

Fujiwara T, Sugawara T, Mazaki-Miyazaki E,
Takahashi Y, Fukushima K, Watanabe M, et
al. Mutations of sodium channel a subunit type
1 (SCNIA) in intractable childhood epilepsies
with frequent generalized tonic-clonic seizures.
Brain 2003 ; 126 : 531-546.

Fukuma G, Oguni H, Shirasaka Y, Watanabe K,
Miyajima T, Yasumoto S, et al. Mutations of
neuronal voltage-gated Na* channel a1 subunit
gene SCNIA in core severe myoclonic epilepsy
in infancy (SMEI) and in borderline SMEI
(SMEB). Epilepsia 2004 ; 45 : 140-148.
Depienne C, Trouillard O, Saint-Martin C,
An I, Bouteiller D, Carpentier W, et al.
Spectrum of SCNIA gene mutations associated
with Dravet syndrome: analysis of 333 patients.
J Med Genet 2009 : 46 - 183-191.

Nakayama T, Ogiwara I, Ito K, Kaneda M,
Mazaki E, Osaka H,
SCNIA 5 genomic region with promoter

et al. Deletions of
activity in Dravet syndrome. Hum Mutat
2010 ; 31 : 820-829.

Ogiwara I, Miyamoto H, Morita N, Atapour N,
Mazaki E, Inoue I, et al. Navl.l localizes to
axons of parvalbumin-positive inhibitory

interneurons: a circuit basis for epileptic

WFFesEsl  4B28%% 2017429 H

seizures in mice carrying an SCNIA gene
mutation. ] Neurosci 2007 ; 27 : 5903-5914.

10) Cao D, Ohtani H, Ogiwara I, Ohtani S,

11)

12)

13)

14)

15)

16)

Takahashi Y, Yamakawa K, et al. Efficacy of
stiripentol in hyperthermia-induced seizures in
a mouse model of Dravet syndrome. Epilepsia
2012 ; 53 : 1140-1145.

Ito S, Ogiwara I, Yamada K, Miyamoto H,
Hensch TK, Osawa, M,

Navl.l haploinsufficiency, a model for Dravet

et al. Mouse with
syndrome, exhibits lowered sociability and
learning impairment. Neurobiol Dis 2013 ; 49 :
29-41.

Cheah CS, Yu FH, Westenbroek RE, Kalume
FK, Oakley JC, Potter GB, et al. Specific
deletion of Navl.l sodium channels in inhibitory
interneurons causes seizures and premature
death in a mouse model of Dravet syndrome.
Proc Natl Acad Sci USA 2012 ; 109 : 14646-
14651.

Dutton SB, Makinson CD, Papale LA,
Shankar A, Balakrishnan B, Nakazawa K, et
al. Preferential inactivation of Scnla in
parvalbumin interneurons increases seizure
susceptibility. Neurobiol Dis 2013 ; 49 : 211-
220.

Ogiwara I, Iwasato T, Miyamoto H, Iwata R,
Yamagata T, Mazaki E, Navl.1l

haploinsufficiency in excitatory neurons

et al.

ameliorates seizure-associated sudden death in
a mouse model of Dravet syndrome. Hum Mol
Genet 2013 ; 22 : 4784-4804.

Iwasato T, Datwani A, Wolf AM, Nishiyama H,
Taguchi Y, Tonegawa S, et al. Cortex-
restricted disruption of NMDARI1 impairs
neuronal patterns in the barrel cortex. Nature
2000 ; 406 : 726-731.

Rubinstein M, Han S, Tai C, Westenbroek
RE, Hunker A, Scheuer T, et al. Dissecting
the phenotypes of Dravet syndrome by gene

deletion. Brain 2015 : 138 : 2219-2233.



TADARITICIRALN R IF784EH 58285 20174E 9 A 53

Summary

Generation of transgenic mouse lines that express the green fluorescent protein
under the control of the Senla promoters

Tkuo Ogiwara, Tetsuya Tatsukawa, Emi Mazaki, Kazuhiro Yamakawa

Dravet syndrome is an epileptic encephalopathy, associated with mutations in the SCNIA
gene encoding a voltage gated sodium channel a subunit type I. Our previous studies on Dravet
syndrome model mice suggested that parvalbumin-positive (PV+) inhibitory neurons
contribute to the development of epileptic seizures, while excitatory neurons have an
ameliorating effect on the pathology. In order to determine which neuronal subtypes express
SCNIA, we generate transgenic mouse lines, in which GFP is expressed under the control of
the Senla promoters. Co-labeling of GFP with neuronal subtype-specific markers show that
almost all PV+ neurons express GFP, while about 20% of GFP-expressing cells are PV+
neurons. We also show that hippocampal pyramidal excitatory cells are negative for GFP.
However, in neocortex, 7-15 % of excitatory neurons express GFP, while 12-30% of GFP-
expressing cells are excitatory ones. These observations seem to be consisted with our
proposed pathophysiologic mechanisms of epileptic seizures in Dravet syndrome.

Ann.Rep.Jpn.Epi.Res.Found. 2017 ; 28 : 47-54
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