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(57) Abstract: The present invention relates to a method for treatment of autism spectrum disorder, a mouse for monitoring autism
spectrum disorder, and a method for screening a candidate material for prevention or treatment of autism spectrum disorder. Specifically,
after being introduced into neurons of the ventrolateral thalamus (VL), the laterodorsal thalamus (LD), or the striatum, halorhodopsin
protein is induced to undergo hyperpolarization by exposure to light, thereby suppressing output signals (or collective excitement) of
the ventrolateral thalamus (VL), the laterodorsal thalamus (LD), or the striatum neurons, with the resultant prophylactic or therapeutic
effect on autism.
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oAgk &, Ulg ZAFeto] ] FEEFAS LAY

Z 1l 2 Al AH(LD) B A 2 A (Striatum) 78 2] Hdk &

Sle, ol Fa) A5 A £ ol S A Eim ol 5 Ur).

[54] Vg Al el A, 2] 23 EE Aol (ASD)E= A+l F(autism), 23] ol (autistic
disorder), A WEA] Q1 e off (Pervasive Developmental Disorder; PDD), A}2] 4]
A3 0] ol eI AF2 0] Aol WHE 4 B2, o) £ o (Retr’s disorder),
Zo}7] %23 7ol (childhood disintegrative disorder), O} 23 A 53-"(Asperger’s
syndrome), 74} (obsession disorder), 72}~ oll (obsessive compulsive disorder), 2
EAE 59| 244 vl Aol (Pervasive Developmental Disorder Not Otherwise

Specified; PDD-NOS) & o] 70121 ol A A e shuf o] o] A kg ¥ sk

ofm o]t

[55]  Bougel gREEd awd gy SRREN e S g5
Fel el Qs 4] e QE S S Rass W i Car A Y
AeA = A S A o) BAA 02 AR E = B, 84, g4 i
= =

f
o
0%
1o
o
it
1o
BN
o
o
ke
ot

)

] —1}/
%o,
=
12
2
o
—
o
il
_O&
oo
N
N
olr
ot
nft
-_>‘4—“4

fra e AW Ao A3ts slold 588 Al gom, o E &4,
Merck Index, 13th ed, Merck & Co Inc o] 7| A 3} 3HE, 21 A5, =, H AN,
=Y A E, o= 2ol &

: Ak

N, Bt A 5 tHE B HIHAIE H7H e 5 doh g S A A,

A, B 2 A AE 2o e 2 A sbele] Fg o, AEtel,

I g ol g A, shef, Alw, Y = AAE AASE o v ¢
b = ¥ 3= Remington's Pharmaceutical Science ]l

°
o] 7} A gt ube} = Aol ube} vl 5}

(56  woUwe REEEN Gw
el se QE s, Y] Belr 2 el e EnE ¥abels WE £ car Y

- O

a

[57]

[58] L
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H)

[s)
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2 743 A7} ol

>

gratis W E = Ca A
Al

M

19 = 00001 ng/kg(H %) WA 200
=R

€]
bz 71 3okl 4 B2] A

[e]

T

WE] Bz Care A AP 9] ol

mg/kg(A <)ol ).

71 el
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ﬁo
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=3
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AT,

P
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<3
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e

o= ¥

]
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=
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™, wAEA B
A Z A (Striatum) 2]
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b el 7}
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fite]
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on

A AHLD) EE=
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A Z A (Striatum) 77 #

= M Z A (Striatum) 2]
O

E)

A

[s)

N
R

A3 E
— 7
=

=

2] S E]
T

2k

=
=

T .

ok

Ay

of k- 220l] 77

=

3}3E RNA, DNA,
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[63]



WO 2020/101352 PCT/KR2019/015454

[67]
[68]

[69]

—/  / /" /" ™~/ ~/
~ ~J ~J 3 1 3 3
0 N N D BN

[82]

7\] o] ] 9

- G A A ol A /\}%-ﬂ g 2 of
Ao u A &

o & ¥ = o] v )

AAV: o} ¢ --<1 7 v} o] 2] ~~(Adeno-associated virus)

ASD: z}#| 29 E 7] Aol (Autistic Spectrum Disorders)

hChR2: ] g 2 35 1-2(channelrhodopsin-2)

VL: &2] 5 Al 4} (ventrolateral thalamus)

LD: 54| Al “J(laterodorsal thalamus)

WT: oFA 8 (wild type)

VAL: 55 7 2] 5 A% (ventral anterolateral thalamus)

AV: AW Z A/ (anteroventral thalamus)

AVTh: 8] 3 A J(anteroventral thalamic)

<A Al o>

<A A4 1> A EZFA(hChR2)o] THE WT v}$-2 A &

5 o] /¥ w92 WT (C57BL/6])S- AF-8-3F 31 T}, Animal care and handling-<
Sk 118} 7] 5 91(KIST, Korea) 52 He] 2 ALE-91 93] o] Ao wfe}
TBA T o0 2 npg-~ o] E 9] = Al Ab(ventrolateral thalmus, VL) A1 7 TE+=
Z 1l = Al A} (laterodorsal thalmus, LD) 7% o] CamKII 32 2 2B 2] A of &}of
channelrhodopsin-2(hChR2) - % A} & K 7%} adeno-associated virus(AAV)

HE (vector) & |83t TEAA A THE D).

%}7] hChR2+= light-activated cation channel®l] ¥ gkT}, A7) AAV B =
AAV-CamKII-Cre Hf-o] & =9}
AAV2/1-EF1a-DIO-hChR2(H134R)-mCherry-WPRE; titer: 5.36x1012 gc/ml; Vector
Core Facility at the University of Pennsylvanic, USA)E 1:1% 4] 0] o] &3} 31t}
A7] vlol ¢ &~ A S &, B w92 E avertin(20 mg/ml of tribromoethanol,
20 mg/g & 7AHinjection peritoneal, i.p.)).S- 2 W} Al 7] 21 A ¢ “d X](Sterotaxic
apparatus; David Kopf Instuments, USA)°ll €SIt} 7] B& H} ol A FUL0.1
ml/min®] &5 2 AGstt) vlolg A~ 3= 1.0 mlE Z A AH(VL; 1.0 mm
anteroposterior[ AP]; 1.0 mm mediolateral ML]; 3.4 mm dorsoventral[DV]) E=
1| Z A]ZH(LD; 1.22 mm anteroposterior{ AP]; 1.25 mm mediolateral[ML]; 2.6 mm
dorsoventral[DV])l] 43t} VL BE1= LD A 3 419] ¥H3l 2 9 &, ¥ 4
P A7) vl Td e g3 o7 F=H] gk ulo] H A5 2+ 0.6 microliter, 0.5
microliter o] &5 0 7 o] A3} T}
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[83]

[84]
[85]

[86]
[87]

[88]

[89]

[90]
[91]

[92]

[93]

[94]

12

A7) vfol & 2~ 23HE-8 52AFSE F 9, external metal ferrule(200 mm diameter,
0.39 NA; Doric Lenses Inc., Canada)©| & & 334§ ¥ 3 (fiberoptic probe)-& A1 2= |
(striautm) A] el 4F1 81, Super-Bond(Sun Medical Co., Japan) = 7 71 & (skull)©l]
AN AT

<A Al ¢ 2> ASD w}-5-2= A 7}

g of ASD(AHA| 2~ E 7] Aolf) mh§-223= Poliak S. et al,, 2003 ©f] 7] A €
Wi of whet A k¥l CNTNAP22}= A 55 RE8 ARGt 2 A7 H S
heterozygote mice 11| 3| A ¥H= CNTNAP2 ASD v}-5-25 AF-8-31 91t

<A A9 3> 2 ZFA(NpHR3.0)°] Z&H ASD v}-$-2 A &}

2 Al o] 20 4] A2} 3 CNTNAP2 ASD h-§-220)) 4 o] &4 4
*H 32 (light-dependent chloride pump) ¢ &= & 354l (halorhodopsin; NpHR3.0)<
L5k vlol Y 25 VL = ste], dr=5ilo] WE | ASD 25
A 23 A T 2, CamKII 3 2 BB A o] 3}of] NpHR3.0 A AHS H 53
adeno-associated virus(AAV)E £ g o] A AJof20]] whE ASD "2 2] VL
ftell A A F T

47 FrEFNS FAsH7] A AHEE Ako] ¢l 2= AAV-CamKII-CRE ,
AAV-DIO-NpHR3.0-EYFP; Vector Core Facility at the University of Pennsylvania,
usAyoltt. 7] vtol 2l 2= F= 2 flall, & AF = avertin @ = w3 A 7] 3L A 9
ZF *] (Sterotaxic apparatus; David Kopf Instuments, USA)°l %1t} 7] B&

Hlol 2] ~ 92 0.1 m/min®] £ 5= Astglt) Asky 14 o oo A
5 21(Opsins) 2] W3S 9 &, & 0.8 mle] Hlol 2]~ E£3HE-S VLo &3t
VL A]4}2] # F (coordinates)s= 1.0 mm AP, 1.1 ML, 3.4 DV ©]t}.

A7) vfol & 2~ 23HE-8 2% 3 F 9, external metal ferrule(200 mm diameter,
0.39 NA; Doric Lenses Inc., Canada)©| & & 334§ ¥ 3 (fiberoptic probe)-& A1 2= |
(striatum)®l] 4} 913} 31, Super-Bond(Sun Medical Co., Japan)Z 7l & (skull) ]l
AN AT

<A 34>

<A d 1> AxA N FAF ASE I WITrtF-227E &Ad 55 29

g o] Ao 1o i A E 25 Alo] HEEH WT rhg-220l] th sl
& % A F=2Ed FEE gelstaa) skl
A7) A Zigalo] W g vl 29 M 2 A|(Striatum) A4 ¢ 9 of] 473 nm <]
A g £AFste]l VL R LD A1 742t o] Z24F2 33 2k=81 31t Optogenetic
2= A8 S A3 473 nm Bl pulse generator(Agilent, USA)®l 2] &l A o] ¥ =
diode-pumped solid-state laser(CrystaLaser, USA) 7| 7] & o] &3}l th. 2 A & A}=
2o, v 9] uhE= 3 F ol ek §l %= ~(Digging frequency) ¥ A] {HDigging
time)< A4S AL, 7 A 9= 52 2 & 39 Ve vhe} Ao},

L 200 vpER Rl o], 19| A g ool whet Al dEmalo] e E WT



WO 2020/101352 PCT/KR2019/015454

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

13

Ap-g- 220l A 1591 5 AJRH(VL) -9l oll 2 skl S ), mhg-2 9]
o} 2] (Forelimb) 2 3 o} 2] (Hindlimb) X7 3=+ 3 2] ¥l % (Digging
frequency) <} A| ZF (Digging time)©] 2] 8- Al T 7He A& .
g, & 30)) vheRd R} o], &k 19] A g oo et A 2 Alo] e H WT
mp-g-22o| A Sl S Al ZHLD) T ol HE Al S o, vhg-2e
o} 2] (Forelimb) 2 3 o} 2] (Hindlimb) X7 3=+ 3 2] ¥l % (Digging
frequency) @} Al {F (Digging time)©| 9|5t 71 21& gl skl
718 Aabel wbeh, AVol A AEA R 7= A8 st =
A EFAE A EAIZ WT vpg-220) A 3 Z2ALE Fot
Fred Ae Felst v

i

N =
<A d 2> AzA A HAF A5 3 AH = 2D A T4 &3
gl
B A o A= A7) A28 Eato] & & 235 A(NpHR3.0)0] H&

= ;'_:JJ
-229] A & A (Striatum) -91 ol 24 (630 nm)S- o] 8- L& ARG-FEo], VL
LD 1= & FelAlstar |5 T4kl A ¥ =4] Zelst At} vp-g-22 9
&) 5ol o) ¢k {1 %= 5*(Digging frequency) 2 A| {H(Digging time)= A 4ts} o]
25 AEsATHE 4).
7] R EFA O] B E ASD wh9-22 9] A ZA|(Striatum) 4] 4 S 630

Optogenetic A= 2 3-& 93l 630 nm 2 - pulse generator(Agilent, USA)ell <] &
A ©] =] = diode-pumped solid-state laser(CrystaLaser, USA) 7] 7] & ©] &3} 31 T,
A A G A= Fol], mhg- 22 0] 9= g ol o §F W1 557 (Digging frequency) 2
A 2H(Digging time) S A28l G131, 1 A= 1= 0] LEhl w9} 2},

5 500 YER vhe} o], o 49] A g oo uhe) Alu Z A F ol A VAL (52
AV) -1l Bl& Aestal v, vk 2= 9] ehth2 (Forelimb) % A ¥ (Hindlimb)
BF 32 35 9 W1 (Digging frequency) <} A {F (Digging time)©] 2] 3} 7]
Zad A Felst v

whebA, G71E Ao 2R AVl AxA R 7h= A E ARG 7=
SRS 427 ASD vhS- 2ol 22| 2ALE Bato] Aol F 2ol
F34 0 o AHi AL TS

A A B g B4 o] uhgb @ A ool B ste] 1 AIBkT

129573 9ol ol v s = 2wl 7% 4
u

T

=
—_

dm

1

W5t A e, ol shel &

O
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AT
[ 1] = 9] = Al A}(ventrolateral thalamus, VL), =¥l = A]“d(laterodorsal thalamus,
LD) B+ A Z A (striatum) 77 o] &8 NS & AA|st= A E L8t
Zh#| 23 E &) Aol (Autism Spectrum Disorder; ASD) 2] X] & WA,
[d+8F2] Al 1l 2lolA,

71 Hel S AlVHVL), S0 5 AlZHLD) = A 2 A (striatum) 7 9]
9 255 gAsr] A8,
A7] 1215 AVHVL), S35 AlZHLD) 1= A 2 A (striatum) 75 2]
=HAZE AT 5 U= F= 8 T 3} 4‘/} & ]HQZMM(VL)
Z) S A AHLD) B = A Z A (striatum) @ o A 7] A=-& A F8h=
7}&(1)_],]}_11] /\)ﬂEEq X]—OH/] ]EH]—HJ
773 3] Al 1 &l §lofA,
7] E LS APH(VL), SHZ AlZHLD) = A 2 A (striatum) 7 2]
=9 NS E A A,
2 S A sHE BAS FASHA 7] Jel S AlHVL), S
AAHLD) B A Z2 A (striatum) w7 2} A H 27 A& 248 A
871 2l 5 APH(VL), Sl AIZHLD) B = A Z A (striatum) 77 €]
=& Lo 7] A, Cax+ A € (Ca> channel) AF A & AH| A9 E &
ol E 7HX WA o 2] APH(VL), SHllE AlZHLD) =
A Z2 A (striatum) 7 ol A2l stA Y, F=-& B¢ Al =87
24 3(DREADD : designer receptors exclusively activated by desiner drugs)
u&—%% o] 3= A el X}Jﬂ 23 E g 7ol 9 ]Euhﬂq
97841 Al L el ofA,

A7] He] 5 AIHVL) i B SS AVHLD) Wi Y 29 A E
AAsH7] sl FEEFA GA Agr] SRR s

A E =5 E3sh=

Yzt ZYwEULEHE B A EYwE
HE 7} 24 A~ Eq] Aol & 7Ex] A o Hel S
AAHLD) B += A 24 (Striatum) 9] 7ol = ¥ = Z¢l, Ao A~ B
X]—OH/] ]Etﬂ—lﬂq

e 5] Al 43l 9holA,
A7 FEIZFA WA MAHS 12 VA E = ol = Ad =2
T E = AR, A A~ EY Ao o] X mHE.

73 6] Al 4 3ol oA,

47 BREEN Gud g dasiehs Fei2UoHnE A9s
29l AVIMLE A H = AL A A E el o] A5,

7371 A4 el gletA,
/7] el = A% DNA WE], £2t27] = DNA WE] 2 A 2§ kol e] 2
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HE]Z o] Fol 02 HE HAElE of - s, Ao AH E ] Ao o
A S HEH
[Pd-1% 8] A 7 8ol A,
A7) A 23 vlo] 2 2~ W B = 2 E 10| & X (retrovirus),

o}t k-l o] 2] 2~ (adenovirus), o} H] 5=-91 ¥ H}-©] 2] 2~(adeno-associated virus)
2 @l e vlo] ] 2 (lentivirus) 2 o] Fo] X wF O 2 HE A el H o - sfel,
X}_Jﬂ /\)ﬂEEq X]—OH/] ]Etﬂ—lﬂq

g8 9] Al 43l oA,
71 iﬂ] Y LB =8 sl W H E & A =< (transfection),
z] 7

| I

(electroporatlon) &) A X Q] (transfection), 7| Al 7= %] (microinjection)
%= ) (ballistic introduction) & & o] Fo] 7 - O 2 HE| A el
W& AFEsEe] 7] A o] J9) S AHVL), Sl S AlHLD)
A (Striatum) 2] - ol = == A, ZpH| 23 E gl Zof 9

rN'
O

=]

PF“ 2
of ri ot
i) H\j OE’ _|>'

f
AN}

878 10] Al 4 el AolA,
A7l ZREZF 9d, G2 25540 A g ok s steis
ZYFEUQEE B 4] He T2 QE RS £ HE 7}
S A A g el dlg 2AbeHE WA E Tl Edtet, A
2 E]] ol of Am Y

873 11 Al 10 el olA,
71 8lE 2AFSEE Wl H2 S AVVL), SIS Al s A A
T ol EAReh= 291, A A EE ol o] Al m .

712 A1 WA A 118 F o= & Foll lolA,
A7) A ~F E ] Aol (ASD)= A < (autism), AFH| ol (autistic

disorder), A HF4] Q1 W-ch-of) (Pervasive Developmental Disorder; PDD),
AV A A5 g o] o), S| A2 E ol ol WA AHE S
Al E4 ol (Rett’s disorder), 220171 %3] & oll(childhood disintegrative
disorder), O} 223 7| 53" (Asperger’s syndrome), 7J 2} 5 (obsession
disorder), 75} ol (obsessive compulsive disorder), & 54 &5 2] = w4
vkl of (Pervasive Developmental Disorder Not Otherwise Specified;
PDD-NOS) 2 o] 0171 2ol 4] 4115 s} ol ahe] el A2, Al
~HE g Ao o] X|m u]—m

[H7313] 292 A4H(VL), 212 A AHLD) 3= A Z A (Striatum) 2] 2 o],
[DE=R=R=V]] D}—Hﬂ 2 /\1—7] [Dg=R=R =V _1'4 S Li@rg}‘_‘:—
Folir el QU B 4] )i Ee L EnE Reehe )
woly]o] wrE g 2} AW E Xl—oH TUE L npo

73 14] Al 13 3ol A,
71 dr A g o] B9l AUH(VL), Sl AHLD) =
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L2
e

A 22 A (Striatum) @] 7 ol A - ¥ 51
7 R TR gl e A 3o
AAHVL) 3= 2] 2 AAHLD) T el 28 A58 o435, 21y
AEY Foll ZUHHE np-2

A 13§ = Al 14 2] vhg-2ol] 2| A EY Aol oW = A 2§

N

lo

(YR}
J

:Jd

2,

> 1%

o

N

BN

>

K3

o

%

N[

Ay

>
%

17] FRE o] 3915 wh$ 2o 24 7 o
] H

=1 Q_]ﬂ i
#97) Mol ZAVE rh-2ae] BEFS T v wshs B S L
A 22 = ol o iz R g FREAS 2 Wy
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Remark on Protest En:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
E The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

E No protest accompanied the payment of additional search fees.
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