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AA ... Injection of Bergmann glia-specific chemogenetic inhibitory virus (hM4D(Gi)) into cerebellar vermis lobules IV/V
BB ... Wild-type mouse

CC ... Capsaicin

DD ... Intraperitoneal administration of CNO

EE ... Licking time (sec)

FF ... Control (Saline)

GG ... Bergmann glia-specific hM4Di expression model in cerebellar vermis lobules IV/V
HH ... Normalized behavioral responses compared to control

Il ... Open field test

JJ ... Ledge test

KK ... Walking test

(57) Abstract: The present invention relates to a composition for relieving or treating pain, a method for relieving or treating pain by
using same, and a method for screening for a pain-relieving substance. It has been confirmed that pain can be relieved by regulating
the cerebellum, whose role in pain has not been known so far, by using the pharmaceutical composition and the method for relieving
pain, according to the present invention. Therefore, the cerebellum can be used as a new treatment target for pain relief through the
pharmaceutical composition and the method for relieving pain, according to the present invention. It has also been confirmed that, even
when the cerebellum is used as a target for pain according to the present invention, there is no impact on motor function. Thus, the
pharmaceutical composition and the method can be effectively used in practice in relieving or treating pain.
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t] B 2} ¢) (ribozyme), DNAzyme, PNA(peptide nucleic acids) 2 QFHE] 4l 2~

<2 3147 & @] 2. E}©] = (antisense oligonucleotide) = ©| —,—01 A o RRE AelE
1& o] /ol 23d = vt &gk A7] dat1 ol=wdd 84

&1 4| 4| (alpha-adrenergic blocking agents)™= ¥ 3}-1 o} = 'L’ﬂ‘é”jﬁ TEA e 24
o A 5F= %Z;_Jo]j_y, otuf1 ol g 8 Ao Eold o g Adlst= z‘soLq],
Hepol =, e B E3tE R o] Folxl o R NE MEH 15 o] /do] 23

T o, ool A gt A gF=r}. v A S A= 7] /A A b Al A
S Ed LE =, $FEFH, siRNA(small interference RNA), shRNA(short hairpin
RNA), rmRNA(rmcroRNA) E= 3 Eolw, 714 ulehAl 5} A = shRNA(short
hairpin RNA) &= 8} 3-&E 0|t}

Vo o] upg A g oo W=, 7] shRNA A D WS = A s 1E

TR
[3E1]
X124 H (Sequence) A Hz
ShRNA GAGCCACACTTAGCTAACCATTTCA 1
A AN Qo1 A, A7 ol E e el 487 oA A= b1 op= e
T-8-A| < A Al (alpha-adrenergic blocking agents)E 2| 1|8}, o] o] #A|$t¥] = A&

ol Y}, &=F Z Xl (alfuzosin), 5 AL 4l (doxazosin), Bl 2} 2 Al (terazosin),
ek 22 2 Al (tamsulosin), 3 2221 (prazosin) 6 ©] E S U}, vl A sHA =

ezl (prazosing Y 5= AT

A A Aol 2lo1 A, 7] GABAA & A s A= o] AlghE = A2
olyu}, &5 A 24 GABA A, T A& (muscimol) 53} GABAA =& 3] %A
o2 | Y 24 A 24 vl = 8] E F2k(barbiturates),

Hll 2 T} o] o} Al ¥l (benzodiazepine) Al & o] E g X vF vl 6l A| = FAl = A
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&8tk A= AgUstn = HE E } AL 3 IACUC)S] A Z] o
et & e 2 APE 9 ME}. RE TR A2 IACUC 5918 e
SNU-140513-3-113} SNU-161226-5-42] EEEE’% &,

AR M o] ¢l wild-type PH9- 2 E o] Bato] 2y WA FE e} A N EE
Ef Al Sh= Eo] 4 3} ek 8 4] oA ulol Y A5 9l ghr). ¢uh 1 o} = w1 A
TEAE A WA|FE Eol A o8 At Al x| AR ol A o=
El Al ol 9] 8f] cre7} WA 3= F- A A A k-2
Glast-cre(Tg(Slcla3-cre/ERT)INat/)) & ©]-83}o] EFg Al 3-8 T 8f] cre &
HHAZ H cre o EA 02 Aot | ol =Y A =& & A7 8h= vhol e 2 &

£

N ALgH Aloke] BF L BE W, wpolel o] F5 2
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[164] [3%2]
Reagent Designation Source or Identifiers Additio
type(speci reference nal
es) or informa
resource tion
Strain, |Tg(Slcla3-cre/ERT)1Nat/J Jackson RRID: Stock
Strain Laboratory | IMSR_JAX:01258 | no:
backgrou 6 012586
nd Mus
Mausculus
Other AAVI9.rTH.PL.Cre.SV40 Addgene RRID: Plasmid
Addgene_107788 |[#107788
Other | AAV5.GFAP.hM4D(Gi).m | Addgene RRID: Plasmid
Cherry Addgene 50479 |#50479
Other |AAV9.hSyn.DIO.hM4D(Gi| Addgene RRID: Plasmid
).mCherry Addgene 44362 |#44362
Other |AAVS5.pSico.alAR.shRNA.| KIST virus
mCherry facility
Chemical DREADD agonist Hellobio CAS no: Cat no:
compoun 21(Compound 21) 2250025-92-2 |HB6124
d, drug
Chemical | Clozapine N-oxide (CNO) Hellobio CAS no: Cat no:
compoun dihydrochloride 2250025-93-3 |HB6149
d, drug
Chemical Capsaicin Sigma CAS no: 404-86-4 | Cat no:
compoun Aldrich HB1179
d, drug
Chemical | Prazosin hydrochloride Sigma CAS no: Cat no:
compoun Aldrich 19237-84-4 P7791
d, drug
Chemical Muscimol Sigma CAS no: Cat no:
compoun Aldrich 2763-96-4 M1523

d, drug
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[165]

[166]
[167]
[168]

[169]

[170]

[171]
[172]
[173]

[174]

17
Chemical Tamoxifen Sigma CAS no: Cat no:
compoun Aldrich 10540-29-1 T5648
d, drug
Chemical Sunflower seed oil Santa Cruz CAS no: Cat no:
compoun Biotechnology 8001-21-6 sc-2159
d, drug 36

1-2. oFE iy A3 S| 3l 8tR- A o4 A A& 8l 572 2 5-10mg/kg 9]
&% CNOE T vt A uk M| 329] 3l stR- A eH4 A& 98l 4x B~
29] 4/5W ) A3 AEHE Fl ImM C212 0.5ulE & 1) H o) A5
FA T &3t 1 ot=d g2 F8A AAA =2 GABAA & 5A<]
Prazosin(100uM 0.5ul), Musciomol(100uM 0.5ul)2] 7 $- 242} &% 3 A 3}

A R A AmetE Fal T A

1-3. JAAke] 2] Fol & g Al B

T 2o 9ol B AR ARH R S| Al ST TS sk
AAFol S o] o] WuberS Shi= AR S48 Bl A
AT Tl o FAE Flehz eItk ol o wA xS 2ET 5 9l
ChFE & ol Aol Aol of §h b ghis AlRbo] M B E =4
st Fool 2dd 5 glEs A9 ¢ 5 A

5 1A e vhel ghol 1715 W AB ol vk 5 Y of dhupE ol
ARl NS FAREA] Bz AIREE SASHATHE 1A). AAFel Al &3 52
= ANl flall T 302kt 7= sk kel Al =9l A 10w A F
2035 7153 1B)

AARel el of @ AF o & Wbl gl AlbS S s €5 RS
=SSR 71 AT, 5 1Cel vehd upef el AAfol A& 9l S 1
thz52 31 vehicleoll B 8iA F-2]8kA| 8= AlRko] Fofdrhiz A& el

14 3F 29 A7

Aar AR B S 2d S w V2 AR e Pl Dol A=A
gelstr] 4 Z of 7124 4=

$% WL 28] Aa A WAL ledge testZ A AR A0]A] A ol
% Zgstol THL UX B3 wA S whel A3 Aol
) Bl 7k 34, vk 27k B4 €] aheh iz Bk ko] AR
v 111 A A 7 18] @ ol 4ol glof mol 27, Hrhel B Rt A O
ARgahA) 23 Aol A 2 Sol g v thel ok el 7k A Eof 7 B

17, ZA ol A A dojAH Eg& HE TEd7v &2 o] A3 glew
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& ZAste] vh-2a7t RE Thol AF e A A B 547}
F%: ik o] EAI7E gl &4 ol 35, & ol A
24, A g B ol A%, Tabo] w7k 9l wkel
g Bl 14, vl -7k o v A volrhH] gk
= geld 0 & Fol ol 715 B 0ol
-5 0 7 Feksl 9l (5 1E, Gait test).
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[e) =
et} npo s Ay WA EE
5} 4 (chemogenetic) " 'H © 2 hM4D(Gi) &
J] 3£ (Vermis Lobule IV/V)©l] & A] Z1 T}, DREADD+= GPCR¢l
del A o R Al gt o) &gty = 24 G-a A A7 84
(GPCR)E A3t} o & 50, 224 Alghe] 227141 7] 38 GPCR
hM3D(Gq)2} hM4D(Gi)-> WA & ko)) vhg-aFA] gA]7F t Al <]l
oFg]st# o 2 B34l E 2 A-N-AFsHE (CNO)Yol o] 3 & sl o). uhetA,
A vlol H A5 A3 = dE= B A CNOE 5712 & 5-10mg/kg 2
o ® Tt WA ETF A TE H = oF AL H ol FF S
1) ek Th(5 2A).

1 AT, A A 1204 A4

Fofol] o & A WA Eo] A 5} 8k f- 71 5HH A Aol T2

o 0o
Bl
o

B

v

AT
g i

2
b

e
>~
>
©
'
=
1o
o
do
k1
it}
ol
olN
rlo
@
Z
)
C e
o

-

Azl ol &k Al ZH A Th(5 2B). 3, o] A7, & WAE A AT TF
Fdol vt FFE A S-S syl sl AAl el 1304 <3 ledge test R Gait
testZ 7| % 5 7158 549tk 7 2 &5 B d A S 55
Nz 5 FdE 7w e 2 FFEseESIth & 2000 VER vhef o], A
WA E A Z 2ot Blalste] 7 F FE ] folAd o] gl A Tt
ol Z Fall Ay WA FE JAZ FFol AT g Ao, V|2 FEg Pl
J&ol] gles &2l

[2 A o 3]

Ad WA EE SAISIA| 7] = A gEsl A E of 318)-§-7 8F Al (chemogenetic)
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ol g5to] Autl okt ddel G AE AAA AT L3t 1ok H =8 S
AQJMWLEﬂHOEﬂH&ﬂ$ﬁkﬁﬂﬂﬂ¢1PEﬂﬂoi
EFE Al ] oo crerh WABH = KA AP 2:Q)

Glast-cre(Tg(Slcla3-cre/ERT)INat/)) & ©]-83}o] EFg Al 3-8 T 8f] cre &
LA F cre Y EA 07 ehup 1 o= A 8 & A 78k vpol Y 25
T3+ ). Glast-cre(Tg(Slcla3-cre/ERT)1Nat/J) H}—or/\ = U] A& o) A
Felahalel.

TAH o7, Ay WA X E0]HQl Cred Wd 8= vF-$-22(Glast-Cre/ERT
mouse)i= N 2EZA F 54 & Z&l Cre7} &3 E L2,
B} Al Fl (tamoxifen) ©] 2= F= 2 creE 4 34| 7] AL cre-dependent 3F
ShRNA(534-558)5 o|-§3to] L1 ol ddl =8A 5 WA E 5ol 4o
= T2 (knockdown) A Z3 t}. B wlg of) 44 AL-&-3F ShRNAAM A& t}&-3} g},
[3E3]

X124 H (Sequence) M E

ShRNA GAGCCACACTTAGCTAACCATTTCA 1

1A, kol el o F Y TS
ol= gl el 48| 2] ShRNA FYP Aol & th ol Bl &f 8=
2 eH(5 5B).

[&A] o] 6]
At e o] Al Ay S A A 5= GABAA T84 85 A S
A= (muscimol) S A 5] A Sof] ¢
Ay I Ho A A | AR = Ao r st "t &Y F9 o] §AC
Ay G A g A5, AALol Aol g BF e dolR Y] fsto
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