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ing to the present invention can determine drug addition by using a molecular
biological method. Especially, it was molecular biologically established how
microRNA functions in the human brain due to drug addiction, and it was es-
tablished that the microRNA is delivered to blood or serum using exosomes
as a delivery unit. Therefore, the problem, in which even though the change in
the microRNA expression aspect in the brain is confirmed, only the change in
the expression aspect in the brain was difficult to directly and simply apply in
the clinical trials, was solved.
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FA7E 21-24 gl &l F3h= CSTBL6Y -2 AV F () 3 vlo] @ & =, vl =hH &
clatel BE A0 A BT o] & AR DY AXTY T2 3} 317
Srjal Sebae $2)5 obol R el T1E($-e W 35 vhe]) o 2 AL Eale,
TS 12 AIRFE 7 2 o] QA TAIE Vo d AehS 246l
&4 Bl B 5 AN A E ) S RE LA A D 23
e BE A ity ed Tl S5 A Y29 93] (Institution Animal

Care and Use Committee serving the Korea Institute of Science and Technology)E
ko] 28 = A

<3 A2 B3 (Fluorescence in situ hybridization(FISH)>

RNase®] &8 a1, 2248 ¢ 2 A% 3}7] 913 DEPC-PBS &0l 53
& E A TH RNase & H| 2 A SIA 7] 5L RNAE 38t 24 AL ES
A 21487 918}4e] 4 % buffered paraformaldehyde 89 © & oF 10 ¥ F<F 224,
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Z2 U il S Bl 5h7] 98l proteinase K 8- 94 0. 2 420l 4] 20 - & <F
Wl 35S T 0.1 M TEA solution+0.25 % acetic acid®ll 4] 10 % -& <} acetylation.
Hybridization solution & 50°C =&l & +-3] =<1t} Hybridization solution®l] DIG
labeled RNA probe £ 4] %1t} A 2]l RNA probe mixture & &3l
Hybrislip(PGC, 62-6504-04, Frederick, MD, U.S.A.) B 5= plastic cover® 9 =T}, <F
55 °C heat plate®l| A 3}F A 5= Wl ettt S84 2 slideE & 2ol 31 gauze©l
ES =5 Eofoln T T3] & T & 1o E Yol Wit
o}t v ekr] o A AWl 2o 2X SSC-50% formamide & N2 /\FQ“ o] 50 °C

TZAA 10 7 &< M F3F% o M &F - Hybrid slipS A A8 AL, 71 3 tFA]
2X SSC-50 % formamide & 9 2. & 50 °C =220l A 20 - 51 v %k o}aiiﬂr. 2X
SSC & ME& 50 °C T2l A 10 & & <F v ¥k ol A= ol A 10 3¢
W] %313 TF miRNA g o] F3-3] g A o2 o)== 74 -§-oll = RNase/NTE
buffer= 37 °C =2l 4] 20 &3+ vl 5} S1 T, anti-DIG antibody(1:1000 dilution in
DIG 1 solution, Roche, 1-093-274, Mannheim, Germany) 2 2 -] A 2 A| 7}k &<t
| 93} AT 71 %, TSA plus kitE AF&3}o] Dige] vF1E 3 AL E & S-ZA[A
?5:]13]7:1 @) ?._ ﬂo] o}oﬂq_

<E 9 FA Qe AHel>

A ¢1 6} o] = & & & g} o] =(Macfarlan Smith Ltcl, UK):= -A 2] 2] & 4=(saline,
0.9 % wiv)°ll &3] = 1) a4 o7 Folx FAQl 135 (repeated group)-> 20
mg/kge] LA W g AR 7 A Ft B = F e} th & (saline
group)= A A A5 v & A 7Y Bt B R Fslen, g
Fol ¥l A Q1 15 (acute group)6d &t A A F7=E HAF WE Fdsk
a7 Ao o] Fof Hrk

<Pl =2R N WE XH%‘J>

A e A LA Y9 F5 0 QLA o) A v 29 Ebel 5 B
Gop PE e TFAGT EF FA Aol gliz 5 d AT Aol
o AAHUT. BE 43 Lale] Fo oAk E wol 1l asglom,
R E AT AT TY LFYA] 5 o] QAR
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[3£1]

Group | Gender Age Duration (year) | Abstinence (year)
Patients

Male |489 + 138 214 + 18 24 £ 0.6
(n=20)

CTL

Male |471 + 23 - -

(n=11)

<A H £7 9 FH]>

AF = FES npx o @ £ e T A7k 24 A17F 7Y, 14 18] 3128
Ashat slol AxgEaiel AN AP Ar] AR L
3} al :LF/]J_ methamphetarmne? X}«] N5 ol Z2

[e)

—

°|
&
B
e

A o b

5 =
Jﬂr 1%, 1,500 ng ;cz 4 ocoﬂﬁ 20 —E« R L SR Bt=d o o R S AR
Zhol A B 15l REE A @okth 1e]al S A4S e B e
NA ol ARE8 ). ¥ 24 55 3|4 25 Helsho] 45} 80 °Coll A
, °]F 93} 20 °C ¥ -54 H 7] (cryostat microtome, CM30508S, Leica)E

o] £3}o] 100 ] F7 &2 &} 5 A Z A (dorsal striatum, dST), 1l &
A Z A (ventral striatum, vST), “L#] 3L A 3] (cerebellum, Cbl) A H-S 44 3} ).

<A F ¥ 2]-Exosome Isolation>

Al s = A A4S B8] Al 92l ExoQuick™(System Biosciences Inc., Mountain
View, CA, USA)E o]-&35lo] T2 100 Wb 5B dAF& F851% o
A A7 Fd ohis 22 & whskt), 8 oFshA, Al 9] 1/40) sl Dehs 3] 9
ExoQuick Solution-& A| &0 F7}5}o] Z3+-& U}C o] 4°CE Y4 H 5}
g o] £RES 1 soong LR 30 %9} Halde g % g
A A st AATE AT o] FA DAX] A 4EE RNA 5, Thild g
-4 (western blot), o= 53} A 2} & 11| 7 (Transmission electron microscopy, TEM)
H A=IS oﬂ /\]__Q_'C:;],Oﬂq_ RNA iijq, IZ]—HHFG tﬂ—‘&] =] /\‘]_Q_ _ﬂfgﬂj\i}; Zl—Zl— 10 Mg]
2 7HE Q14 5 21 94 9 (phosphate buffered saline, PBS)Oﬂ S A2 A w4
HAS A8l A= 100 wo ol 27EE 1A ¢k 21l rell 4l o] AR&-sFiT.

<TEM-Transmission electron microscopy>

T H A AELS A2 (room temperature, RT)ON A 1 A ZF 51 %(viv)
=T sto) =2 214 Al 7] AL formvar formvar-coated 200 mesh copper grids
(ProSciTech, Queensland, Australia)®ll o}t 18] a1 o] 5-& RTol|A] vf&
Al EART A =58 St 22 F H AR EAY 185 10
SR = E 1 %(viv) F-2bd oAl H Ol E 1 %9} 7] A Eo) T eF3itt. o] &t

£ &

~

%
i‘&é
L M
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o] 1] %] 3= Gatan Ultra Scan 1000 (2 x 2k) CCD (charge-coupled device) camera
coupled to a Tecnai F30 (FEI, Netherlands) electron microscope S AF-8-3+o] 200
kve] HhE 7HE o = A THESIA A TE ARl A 10 7HA] tHE A ol LERd
=2 242 WAt 28] a1 o] 2 $F 74 -2 Image J software

1.43u(http://rsbweb.nih.gov/ij)& A3t 735 o|n| X ¥4]-& 53
T EJ Tt o w A AL AE Fofl, o] 1] %] QFol| A A3 o] §F2 o] WA
718 A Q1 ALo] 2= 3= Image J as diameter®l] 2] 3l YEIU = A o2 FH H A}

2, o] 7o) 7pgkAfel ol 97 bR S E A 9 i A9 Bk

<gRT-PCR®] 23} A1 <38t nlo] -7 22 RNAS] %FX}3]- Quantification of mature
miRNA by qRT-PCR>

A48k mfo] 1 2 RNAQ] ¥ -2 5 o] RT Z g}o] H(TagMan MicroRNA Assay,
Applied Biosystem, Cheshire, UK)E AF&-3Fo] 9 AL 5.4 248 F-o 3 = At
T ME 2R A A RNAS RT 50 ngt= cDNA Q] s24) o] AL-& 5] St} o] 2] 3F
cDNA= A ZAF9] 2 & Fof] u}2} Universal TagMan Mix (with no Amperase
Ung) % miRNA-specific primers(ABI) & A}-8-3} 9] quantitative real-time polymerase
chain reaction(qRT-PCR)°l| 2] &l -3} 51t} o] 2] ¢ HE-5-2 CFX connect(BioRad,
Reinach, Switzerland)ol| 4] X & ¥ It} B& Wha-2 3] 2 3 ¥ Qo). 18] a1 2
Epe] Ao Ael EAE W A 8 A e el o RNA 2 A8 93
7€ miRNA-169} &7 ALEE AT 5 71 9] 1352 15 2] 2-ddCt 7HA] <]l
o]l ¥l L% 9l a1, §-2] A2 one-way analysis of variance(ANOVA)E Al-8-3} o
AALE T 8 P<0.05E S A4 oA ] 7152 & 4FAl Dunnett’s post hoc
testsll o] &l %13 = AT}

SFH | LNA(Locked nucleic acid) =2 H A 2 2 DNA thermalmelting
temperatures™ol| o) &+ 4 B 1= 3} 7] 3% 29 £}

[3£2]
LNA probe Sequence (5'-3") Tm (°C)
miR-137 CTACGCGTATTCTTAAGCAATAA 67
miR-132 CGACCATGGCTGTAGACTGTTA 76
miR-9 TCATACAGCTAGATAACCAAAGA 74
miR-122 AAACACCATTGTCACACTCCA 76
Scrambled GTGTAACACGTCTATACGCCCA 78

<WPRE lenti-viral constructs>

pCDH-CMV-MCS-EF1-copGFP+= System BiosciencesAF =B -9 5} 3 T}
¢ o] = Alo| Bzt Riulo]d 2~ X B W E 2] 24 o] WPRE(woodchuck
posttranscriptional regulatory element)} a copGFP reporter & 3§+ $Ho},
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<Intrastriatal injection 2 X}>

Lenti-u}o] & 2~ WE| 9] intra-striatal #2] & 9]}, AFH = ip. 2] ¥
Zebrl-A 24731120 and 6 mg/kg) ¥ $HA| b A 2T 2e) o AFE H AL
5 (Kopf Instruments, USA)°ll 9 x| A| Z T} Al 7l o] vfo] e 24 A 2314 529](0.5
uL per injection; viral suspension concentrations ranged from 2.5x107 to 3.0x107
infectious units (IFU) per ml) A F & o] A1 Az 9] 4k&-& sl AxA 9] 2F Hoj
A} W& 58] o] Fo] X -2 1.10 mm from Bregma;
mediolateral(ML), ™ 1.00 mm from midline; dorsoventral(DV), -3.0, -2.5 and -2.0 mm
below dura® 2] 3}% 3t}

~

) RT holl 4] A5 A9 e 8o
2 ?13F] Triton X- IOO(Slgma)O] 1% #&
FEZ F7FEAY. a28al AAFEL 10 ug/Ml2] FHE 5% o} RNase A
(Sigma, St. Louis, MO, USA)<} 7] 30 2 -5 ¢F RTell A %kﬂ ATt
<E A4 £ -Statistical Analysis>

%71 += GraphPad Prism (V6.0, GraphPad, San Diego, CA, USA)°ll 2]l 724 <
zZFol ol A <2371 913Fe] Dunnett post hoc test2} 7 unpaired t-test or one-way
analysis of variance(ANOVA) AF-&3}o AL i), Al & S8 817] A8t
Pearson coefficients= AAHE] AT} 3 2= HAEA A P<0.057F 7oA
Hol&= A & a8 H At

O

B 7}
<A AF HolA 2] vlo]a = RNA &rE o st FG = mshio] bz 4
>

el o] wo A who] A& RNAQ] W J =B ALY 98
AR RS AN ST oo Abi= 517] w1 7 g} wo] iR
2-e] 72 miR-137, -132, -9 &} o] 71¢] k& o] etelvhar dhejxl
miR-122E o] -&3}o] &332 WIS AA8 3oL, 53] o4& 350l wheol
AL & A striatum(ST)S 54 4 o2 #H2H8TF miR-137< dorsal striatum
(dST) ol X B& HE= I3 o] ¥4l ventral striatum (vST)ll A 73}

W ¥ 9 T 1 a). miR-1323= dST, vST 25 7Z&HA] 23 5 A vh(= 1 b).
miR-9:= At 4 o & ok} A ©dl wi= Ao g 7z M#UJ] olfactory bulb, 3 n}
2 2ol A yST7F dSTR.OH 1] ZH8hA) 2l v = o 2 A 25 Qb (5 1 ¢).
Zroll A vheg A E a1 ol A= A o W ] eFEvhal 4 X miR-122F S A
oA Ao B A e A2 FAFUTHCE 1 d). SANET R AHE ¥
scramble-> | o] A ¥ ¥ 2] S ITH(E 1 e),

=

<FHE A Q1 FAQN F YA = &F A ATl A 2] MIRNA-137 &l GFAF W3} =54

i
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A >
FARJNE W2 0 7 F]1 e T, 3 o] Al miRNAs, miR-137, -132, % -99] 4l
T WEE ST o of Az shy] L2k g
(e}

=
817] 52014 218 4= 9l wle} o] 72890 0] A w3 Foll = miR-1372]

# o A o) A F914 Q= WS BolE i
5 5 2 a). 8 9F2 A ZF 38 24 A 7Ho]
Q= w87t Sl e A e 2 )
A

%
SEF, miR-1329] 49 379) o] T2 A7k Foll Frel A gz Wk
7 1

2 E AT miR-99] 5= ow g ol = f-ol Al = AT FR1E A
). F7HA o2 A e FU g 27 51e] ST F9 2 (dst, vst) miR-137 W& &F
7o A= dSToll A &= vk 2 ZAIQ] Fo] £ 7, 14, 28l F-9 A A
AT vSTo A 1= 2 Al ZF F-of] HbE Fo] 7t o A 7t 731 A &

Ho]FETHE 7a,b). o] 2] 235 F3l] tHE miRNA S H] 3] miR-1379] 7 §-
AN FHEA Fo] Al W ol A HE Afo] sl W 3E= miRNA 9 &
SIst = A AT s R, =714 M A8l 4 (cereblellum)l] 4] ] miR-137,
-132,-99] AT 7 Ay} o] gt M= Fof] 53| ddE o] 9l ST
Eol 4l AYE HJTHE 5). I NS FA s R vfo] A8
RNAQ] W3] /-8 v ustr] ¢138l &7 2 exosomes(EX) %} exosome depleted
serum(EDS) & U731t} A] <8 miR-137, -132, and -99] %2 gRT-PCRe]l 2] 3] Ct
value = AlAFslo] Bl Qo) mEwts J 2 i A oA e Foz
A ¥ ™ miR-137, -132, -95= Z A Q] =% (Ct values of between 25~35, data not
shown)ol] T gk RE-g S & 1 4= 9l& L& EXol A A H AT 2 d-D).
miR-137, -132, -9 X7 2|1 Fof 2 Al{ hﬂ_?ﬂ } Al F748al, miR-1329]
A5 1Y F59H 7 7R Fror] e A Ak <F Bk O]Q]rb k2 A
miR-1379] 73-5- ZA 5 7 AF47-H 28 LU 7HA| ?154_

HoF T miR- 9/] 45 5’—7“0] 597 aloﬂ*i‘i 2

10
Z

HH—"%?“?O% :L*OM v ek Al sk O]:/\o]'% HZ3E = A AA 7 miR
-132 5 miR-9+= A 9] F 14 do] Fof = e o] {9421 x}o] 7t
NATHE 2 e-D). A TFEDSOl| A 3= o] 21 §F ¥ 3} 7} v B %] 2 AT 6).
F7FH o E ukAZE2 EX9F EDS S miRNAA E 2] by Al S vfofal
Z7o) A v nEk S u, EXoll A 2] miRNAZF TG % eFA4 & A& el sl th(=
9).

A A= vig o g2, ST EXOl A 2] miR a9 A A& ZASFATH(E 2
g—l) 1A% @A miR-1379] o] ST W S}e} o] = AR

TS AT 2 g, ).

<H 2 UFHEY = 312 F A o A 2] miR-1372] ¥ 3>
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oA Tz E wlekAl B A o thdF miR-1379] W7} S5 344} <]

Ao Mg E ALFTol M5 A A E=A o5 B] 9184 o 29t ek rl
== 3 A} ol| A 9] 6374}\]1:1'_—53 Z AV TS 3). 1 A F}, ] ok el

S5 3k7e] A hFol A miR-1379] W o] AA kA S0l & A #HE S ATH
3 a). 3} ) 7Y m1R13291r miR-9°| A = W &} 7} -2 %] 2 2-o] EF1 = A th(& 3b,
). gk o] 2fg W37t A e A o thEv 7 ¥ g -& 7], miR-1375F0] Z+gk
U R} Eold & Helths= 4%% SFATH S 3d-f). o] & A E
v O 2 miR-137-2 nhef =4 T35 o] & dhdetr] gk v g Al = ket

indicator®}i= 7l o] S ¥ Ao}

A4 ASE ol g3jel 2 Y o 88 9% & AT AHE da,b)
o_ﬂl/\ o] }.;]Z;d OETH O]EE‘]— 2= 01%

, ¥ g 2452 dSTe| WPRE fragmentE A €35}7] 9 3l

lenti-viral ©] 838} it} 18] a1 217 o) 2] 8l dST WPRE and copGFP

2 X B & ¥ 35} lenti-virus vectorsS UG T L A3 dST Yol =94
COGFP7]- W )= AL 2284l Hb % 3l 215 TS 4 ¢). lenti-viral
infusion ¢ 12, 24 A| ZF 2ol of] & 22 1} o) A& ol A WPRE%} copGFP2] HH¢ o]
FEATHE 4d, ). T3 A ATl EA) 3}L WPREZ} 6 Al ZF 6 57HA] 5

Qhg Ao MR} 4 ee BBT 5 AATHE 4 0. TV E A%, WPREE
A M 0% EHFEA Doubx stk 1o BE @YoM WPRES] W71 &
ool /|0] o £ O ZVE FHE AL 7H) L 5 Ak olH @ A
¥ 27 0 2] vho] A& RNASH & ulo] @ 37k | %2 F 5t
Hol o ADH LS FAG Aol
7)o Mz B o] ukeh A @ A ool thte] Aol B e
ol el G E3= A& ohl I, ¥ uhg ] 7] ALY e Wol A ole 7hA
Gstol AA sk 2ol hahar, o) EF AR 53] BT 9ol Sahz

o gttt

I~
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AT
-3 1] MANT 12 FA Y= vlo] 2 RNA-137 3= A AH S 28 A H =
ARA AVIAALR] A EAH S E shi= vlof T of B A Hg
ulo] @ whA.
7373 2] A 138}l o)A,
}7] W] ZLE RNA-137-& Q1] wofj Af mpof G550 & Q18 vl
o] W3k et 31 0 7 A,
}7] ol A g FAto] W 313l mho] 1 8 RNA-137-2 9] &5l
slE)o] ol tEi= A o 7 o] F 5,

o> oﬁ o>

H:1

7] daasgol £3E o Gl iz AR o] g i nfo] AR
RNA-137& FE3Fo] nfef 55 AR5 ddshs A& SH 2R 5=

nfoF 55 o B Xk vlo] @ mpA,

7% 3] MANT 12 FA Y= vlo] 2 RNA-137 3= A AH S 28 A H =
olo] R A VMY, = o] 59 @, = o] 59 Ho]4 o=
ZAgtshiE Zofo] s ZE B EE ol Fe o8| 2y & vl o
SolA o= Agtshi= FAE st v S5 of R Gg 7 E

= - 11
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