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AF&3H= miIRNATE 54 714 D= D S)E e 0] 4] = miRNA Y T
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91 (linkages)®] B 2] 3w & ] v sk, U] 5 A] 2] W72 el @ Efo] =
euir 2l o Efol =8 ¥ gt 2o 9.eho = Aol Hol oz
B YoM, A 0= EASILh = 91914 0% FF Aol Tk
ol L H = U sk A= gl Ao,

=8| AT S A B B2 8] QL EFo] E ol T,

g o] Wbl o] EA1 3 Wk T mpo] AR o) lo] WA 0B A= A
A71%E X 2 B = S48} o] g o] 2 4Ax(hybridizable array element) 2 4] o] 8|,
Z (substrate) Aoll 11783} H v} vpghA g 7148 A4 = vkl oA
A A ZA, A, =, ], ], Eefol =, dlo)H, stol¥, A7 A ¥ = =

A2 el g ol E B

1. = il > ] .
$HA, B kg o] npo] 1 2 o] gl o] ol A% = A= DNAT 34 (labeling) € 4~
9lar, il A ol o) el o dlo] &4t EAStE T EA 3 2312 thkaH
WA 5k ek, EAE Axe A& 2 ¥AL A BR] ute) g
AAE = 3
AR

ZRBo A= &5 AARE AEA st Al g S AT

2 el =] Add 5 91k A3 B4 @Ykl AT
2] Al (fluorescein), 3| Z ol 2] E & (phycoerythrin), =7, 2] AR (lissamine),
Cy3<¢} Cy5(Pharmacia)), TdT(terminal deoxynucleotidyl transferase), A ¢t
Pk e, A7) A2, ARG E 9 (P32 T $35), vl 2 A, AARH Y AL,

>, il
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S, =) 28 ar @A, 2EFEH| A, vlo] @ ', Y Al Al 2}
o]’ 7]} & 54 A HEUE b= Hlg 2 3sh, o]dl dg ¥ =
A& ol A= FAANA T R AA H = ke i, o A, o
E W o)l A W (nick translation), T2 3 2}o] W WA (Multiprime DNA
labelling systems booklet, "Amersham"(1989)) 2 Jlo| Y| o] A HWHH (Maxam &
Gilbert, Methods in Enzymology, 65:499(1986))= &3l A2 4 At} X+
G AL, WA 5, 5 24, XA 818 B B4 A7), Bl 24,
2 A, A A, £ T 070 e 2ol olste] AEE gl

Aatet £A3) 21 H A3 Aajol] o5le] Ao BAH o7 AHE 4 )
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H zF
G REA T EUH QLB = A ol theFd /At o Ed T EAEE A%
A gF Z271-2 Joseph Sambrook, et al., Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.(2001); ¥ M.L.M.
Anderson, Nucleic Acid Hybridization, Springer-Verlag New York Inc.
N.Y.(1999)¢ll A &1 st 4= 91t}

EA 3} HES o) Foll, A3 HE-& Soke] o= A A d s AEd
ZRE A 2E L A, TR B AFE FA 8 Sl uheh gFE o R
DA Ut o & Bo], TRBETVE AL o8 TAH A, o] ke V[ EE
EA s S Az b A A EA 3L B FR1E ¢ At o] 8 ¢ 3=
Aa/71d e 292, HEA Gkl (Al A, &2 v 4] 3 S A vhofA]) o
FERIVUEE, ofv| o | 7LE, v ol il A H, D-F A H |,

FAALHE AN Eoet A w5 HEH O E), daFd WA o e, Frss,

ol——L aﬂ/\ i’ﬂ L= /\] ok(lo o]_/(ﬂFJ -3,7- q o]»O] Ei/\] ]Ln/\]_;q)

HYR(p-phenylenediamine-HCI and pyrocatechol), TMB(tetramethylbenzidine),

ABTS(2,2‘-Azine-di[3-ethylbenzthiazoline sulfonate]), o-¥] 'd @ t] o} 71 (OPD) &

Lol 2 At Eesstelob o ne R S22l E

X 2¥ 0] E(BCIP), HE 5 H EchE 2 & (NBT),

3 5 AS-B1-3X A~ 9] E(naphthol AS-B1- phosphate) Y ECF 7|2, %3~

2 A E}O}Xﬂ 9} t-NBT(nitroblue tetrazolium) X m-PMS(phenzaine methosulfate)
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ofaf AAE 5 ek FAA FHHY S o) 8 miRNAS] A S FSiA o
3 Y2 o] §3te] AT 5 210, o] 7§ miRNAS] efo] 1]

S AR 2] B AT E ARSI, Bouhg o A}y] 8 R 0] wE T B B sl
o] 7] wl-ell, ¥4 Tkl A5 (ol 7, Al 32)oll A A7 vF 2] mRNA 48
ZASEe] A7) mA o] f- A A e wE A B A g sk, uheba] ik 2
P H o7 AHETA A7 el mRNAE 3 0 7 531 mRNA Fi= cDNAY]
Atel= Zefolw & o] gato] F A F3F vhg-S A Al gt

A, mRNAEZ o 5 .Z RNAS ¥-g31=

N,
)
-
s
>
kil
=2
>
ofe
=
Z
o>
mlm
Siid
o
e

AL FAA o FAH g el wha) AAlE 4= vk A Sambrook, J. et
al., MolecularCloning. A Laboratory Manual, 3rd ed. Cold Spring Harbor Press(2001);
Tesniere, C. et al., PlantMol. Biol. Rep., 9:242(1991); Ausubel, F.M. et al.,
CurrentProtocolsinMolecularBiology, John Willey & Sons(1987); % Chomczynski, P.
et al., Anal. Biochem. 162:156(1987)). ol A, Trizol& ©]-&3}o] & o] &}
AEW ] FRNAE L8] & 5 ATt

o]o], #-¥] ¥l mMRNAR 7 E| cDNAE 438151, o] cDNAE FF 8}, & Wy o
T RNATE QIZHe] A R 258 &8 5= 210] 7] wWitoll, mRNA S| Ehol =
EY-AHAS ZEa glon, ol g A 54 S o] 88 &d]aldT Zefo]r 3
QAL BAAEE o] &38| cDNAE S0l atA T4 o= (3= PNAS USA,
85:8998(1988); Libert F, et al., Science, 244:569(1989); X Sambrook, J. et al.,
Molecular Cloning. A LaboratoryManual, 3rd ed. Cold Spring Harbor Press(2001)).
olo], H-AA} F-F Wh-g-& F3lo] T H cDNAE FF et} 2 Wi o] 4=
Zelolm iz Fg o g 9o A3} iz oY H o, o] F ) TERE A ).
ol gt o] T T2 E FA ek v AR ik T4 3ke] 2712 Joseph
Sambrook, ‘s, MolecularCloning, A LaboratoryManual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.(2001) el Haymes, B. D., &, Nucleic
Acid Hybridization, A PracticalApproach, IRL Press, Washington, D.C. (1985)°]]
R R

U3 DNA T3 827t & i 9
THRA 1] “FHve &, AMg 4 DNA 58 a4 9 HHE 2] @ vkobA] T7
DNA 8845 2830 TR aLe st degol Fo2HEH A5
DT EeFA A DNA 538 40|31, o] = Thermus aquaticus(Taq),
Thermusthermophilus(Tth), Thermusfiliformis, Thermisflavus, Thermococcus literalis,
2 Pyrococcusfuriosus(Pfu) & -3 3t} T3 vh-g-& A A S w, vb-& §-7]
ghgoll o g AEaS dFoR Awshs Ao] vk st SF w3

olN
NI
K-
s
ofo
i)
B
32
o
=
m
(@)

=
o
Z,
>

ot AEEe] HFe, TEGo| AR whol AAA 07 A G A =
AL 9] & on gt} Mg2+9} -2 2214}, dATP, dCTP, dGTP ¥ dTTPE
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sl % A7t EAE e AER e = Alw k= Aol
AGET FE RS o] 85 BE SAES TUT S 270l A &4
B Ak AR, GE e BE a4 E0] HA Y BhE 2o 2R RS
ghot, whehA] E g o] S pg & b E o] HUbek 2 7o Wis) glo]
Gl Hbg= ol A AAlE = Q)

wobg ol SlojA o) d ¥ = A = Bl 2| R Elo| = A 3t Zeto|n
Abolol] 504 Aghg 7he oA sz A A2 sl M AAlEnh o dH & A%
AAxAL qA-eEH ol =9 24 % ol ute} thart

g Ao golegE w32 AL HALE FE = jEg-2 o] gt}
TFe S5 w350l FgAlel BarE o} 9lon, o= Td AL AutS (ol
PCRo| 2} gtohy(v] = 53] 414,683,195, 4,683,202, & 4,800,159%),

ARA-FJ A A A EE-S (0] 8 RT-PCRE 3% 7] 3} (Sambrook &, Molecular
Cloning. A LaboratoryManual, 3rd ed. Cold Spring Harbor Press(2001)), Miller, H.
I.(WO 89/06700) 2 Davey, C. ‘5(EP 329,822)2] Wi, 2] 7}o}A| o1 2] Hk-g-(ligase
chain reaction; LCR)(17, 18), Gap-LCR(WO 90/01069), ¥~ 1 2 ‘ﬂ'*o‘(repalr chain
reaction; EP 439,182), A A}-5 | -3 (transcription-mediated amplification;
TMA)(19) (WO 88/10315), A7} A @ 7141 E-A|(self sustained sequence
replication)(20) (WO 90/06995), B} 2! Z ] & e LBl = 97| A A o] A el

% % (selective amplification of target polynucleotide sequences)(V] = & ]
A6,410276%), A~ D Zajo|w] F3ta A A vk (Consensus sequence
primed polymerase chain reaction; CP-PCR)(M| = 58] #|4,437,975%) X a18]-Z A
24 S (loop-mediated isothermal amplification; LAMP)E 3 g}5}1), o] ]
FAHHA = Stk AR 7R B E S5 R ER v 55 #5,242,794,
5,494,810,4,988,6175 9 1|7 53] #|09/854,317 5.0 714 % o] Qlr}, ¥ o
A2 SE WP 15 53] #4,683,1955, #14,683,202% . #4,800,1595.]]
7R Al ¥l PCR(polymerase chain reaction)®l] th2} 2 A] H 1},

PCR-> 7P<P Zde da FE o 0 BE WY 5850
MkE o] 9ot ol & 5o, PCRY 5ol T W7k & S3A17]7] 914

E-4 2 PCR AAHE WA A B X )& (touchdown) PCR, 3 Z~E} E (hot start)
PCR, Y] 2~ E] = (nested) PCR ¥ ¥ (booster) PCR®] 7} &% At} HLat

2 Al 7H(real-time) PCR, '8 t] 22 9| o] PCR(differential display PCR: DD-PCR),
cDNA &9] 414+ Z-(rapid amplification of cDNA ends: RACE), 2 E] &8
PCR, J1H 2= F3+a A 91455 (inverse polymerase chain reaction: IPCR),

W & | E (vectorette) PCR, TAIL-PCR(thermal asymmetric interlaced PCR)Z

HEE 92 PCRO] 543382 #al 7= At PCRoY| t & AFA g &2
McPherson, M.J., ¥ Moller, S.G. PCR. BIOS Scientific Publishers, Springer-Verlag
New York Berlin Heidelberg, N.Y. (2000)°]] 71 A & o] )0, “19] WAJA}&S
A Aol g Al E T
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[58] B alyol| A §- A X} FZuH o] o] £ %)= X glo] = 47| miRNA S ¢cDNA
Ao AR AN DS zhi= F 7 Ed QLEFo| =o|t), B A Ao A 89
“3glo|mri= A et ol A A §HEE k=l ol A A ek 2 (S, 4E 2
E FEY Ao E EYE AT 0E W =3uke :ézi) ‘} of| A ?83— Z]A] DNA

[59]

[60]

[61]

[62]

[63]

[64]

o] AR A8
ol e}, S glo| o] A
& 5o upef Wol 7} 91X
zetoln A= TP F
Al o Z Hrjlyte -2
szetol o] A T3 o A
slom, =83 243} ¥of Zafolm aLfo] 2HES T
: *JEH~ 7EA A St whekA], B g
371 mkA 2] cDNA A Lol 9 atA] AR5 4
,Ol Mol A shE o sefo 2} 2
S 7HAH Skt up A e Al =, B g ol A o] B3] &= o] =
171 o] cDNA A el S 3HA] AR A Q1 A A& zhi= Aol
o] 2] 3k Zalo]w ] t] 2218 4 7] miRNAS] cDNA A &4
ozl -g-ols}A *‘Al%‘? Row, oy, Zefolw TyApQ1-G 2R T
PRIMER3E§_ o]ﬁo}oq & 4= 9l

i
e
l:O Dot Y yo

1=

o}

2o

o o Mz |
=
0%0
o
?1_:

% to [H yo 2
o
2
=
[
Ir

i

ox ox E& N of
o

N,

)
[e] =]

el e zgg-g— b, ol Pe—oa, BER FE NG ARES A

A71952 3, 1 A% B NES B L B RA 47 el

fAA R A5 240,

2 2ol A miRNA= »‘rﬂ—é% oA ER ol s %ﬂﬂb A
wAbe T & A A el A ARG = o] <AL )7
=4

(up-regulation)”-> ZA} A2 A =814 /\]g =
= vhalA o] W] A 7F GAF Al 7o) ) nlEle] & H9-E ou| 3},
o2, FAA A FdA 07 0] &3 = I EA] W, o 7] RT-PCR

5= ELISA YH (3 22: Sambrook, J. et al., Molecular Cloning. A Laboratory
Manual, 3rd ed. Cold Spring Harbor Press(2001))°]| whe e A e g,
W Elo] o A O® WA 405 ou st o 7le], A4 e AT o]

upet A e A a2 d o] miRNA7ZF G4 Al 8 9 v)aste] 10% o] 4 a4
e ALY = A, & oA o canddr s ex e o w2 g ehar
71w o g2 gy s,

g of A AAjofof up=w, &by o) b o] E3keki= 471 miRNAE
A7) v nlsho] sl = ShRpol| A 4 8F & (up-regulation) T+ 3} 3F
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[65]
[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Z(down-regulation)¥] ©] 21 2™, 10% ©]7, vlgh2] s} A= 50% o] 3 & =
ataF 2ol a2 Felskit

g o] v E ol W, £ 882 miR-494-3p, miR-501-5p,
miR-1244, miR-6768-5p, miR-4324, miR-4726-5p, miR-1226-5p, miR-4767 2
miR-3064-5p & - ¥ Q21 AEE = 1 = 71 o]49 miRNAS)
SolA o7 A 7hs s AAhE E et ISH o] Xk B o 3 HALE

= J- T T |
7| EE Al &g

Bk o] upeh A gk - of o) wh =, By o] 7] E 3= hsa-miR-494-3p,
hsa-miR-1244, hsa-miR-6768-5p, hsa-miR-4324, hsa-miR-4726-5p, hsa-miR-501-5p,
hsa-miR-1226-5p, hsa-miR-4767 2 hsa-miR-3064-5p= - ¥ v~ S 2 ¥
B = 1 3= 22 o] 4o miRNASE 5ol 2 0 2 A% 7158 3iks
F7HH o' L3

g o] T Es= 4] dlqbe) Frbsle] Rl EH o] HEE 7ok Sk
7129 At = g B AaE = e LS 29 e e, 3|9
SR JANS vPAE S48 fe A = A A = o

g o] 7| Eof 23 E = A7) A A 0 F2 = o E 23¥slo
q_% %7] oﬂ _J.Xl—}’d 2= olq_

Bodbd o] | Eo = A A ¥ = 2202 HE ke E 514, total
RNA)S F%73}7] HGP 7NE, A& g3, 94 T358 a4 D A, AL
AHA & 3/ 7 Aok

2 g o 7| E= 0171 gatol, ol & B Aol A3t = B a1 E5H
kA SA4& 98k tuto] o)t a14go] A A 9] of| = Eef Y, Fol, fd,
AT FolH, 7k o] go| o 2 RE npghz gl 51749 A A& Eef g ol
kel G oo, o & S AMAY, Y, AAA Y, 259 Foltt

[ E:= 7] miRNA Sl Aol & 17, uph A 8h A= 4 o] &= 270, Bvt

vyl 7
uhgh A s ol s 3 e] 242t ol 4o AR e WAk x5
AT

By o] £ UhE ogEo] W, B ouy e sty o] WAl S TP w1y
frrg sl A d P g AT d:

(i) miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 X miR-4726-5p

1= dE—“.QT: 1 = 71 9] 42 miRNAE 93 5= Al 3£
S1EY F FREA S Al sle] F7] AlFEe A 7] miRNAS] e &

(i) 7] I i S H B2 S X 8] e A E A A7) miRNAS] W& ko)

s X
8} 3k 4 (down-regulation) 73-¢- HZ1 W fd 24 2 ddehs WAL
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[78]
[79]

[80]

[81]

[82]
[83]

[84]

[85]

[86]
[87]

[88]

[89]

[90]
[91]

[92]

[93]

[94]
[95]

[96]

) m1R—1226—5p, miR-4767 ‘;—< miR-3064-5p= T4 H o2
T 1 0]/ 9] miRNAE &)= A X0 9371
A7 A3 A 7] miRNAS] 3 oF-& &2l st

(i) 7] A& 7l SR EH S A g A
38k A (up-regulation)d 73-¢- W ol B A =2 ek WAL

Bodo) g o] 2w, By ahr]e) vl ¥ iehs w1y
%%%Ng} /\ig]u uhﬂqg ﬂ%'&lﬂr:

(1) miR-1226-5p, miR-4767 2 miR-3064-5p& T A ¥ o 2 7E MEl =]
T 71 0]4+e] mIRNAS L3 &= A o) 9715 f4 TR 228+ 8] 6l]

O T .

7] A Ee A 287] miRNAL] w8 oF-2- 89l
() 7] 71 f 3 H 28 A A
&k (up-regulation)d 4 §- 91719 B A 2 ghashis @,

(i) miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 X miR-4726-5p
T 2o 2 HE HEHE] =1 E= 1 0] miRNAS W& &= A X
W A 8A FREAE Aste] A7) Al EolA 47 miRNAS LA F &
gelstE wA; 2

(i) 7] = A 2 A TR

e} [e]
ke oFol A3k & (up-regulation)d 74 -5 I8 X EA 2 ddsts @A,

o
_Nt_'z
M
r
=
ke
2
X
>
>
N
2
=
Z
>
ie)

B o] nlgkA]
GAE F7HH o m

(1) miR-1226-5p, miR-4767 2 miR-3064-5p& T A ¥ o 2 7E MEl =]
L= 71 0172 mRNAE W 6= Aol I71EH X84 T HEAS
Ae]ste] 7] Al A %71 miRNAS] L&A = Elsh= A 2

(i) F7] A A5 A FREAS A A Eol A 47 miRNA2)

dl-¢] Qo] &} 82 A (down-regulation)d A -§- 371 & A 5 A 2 s W,

10 o
-
rol pgl
£
2
=
[
fE
ric
i3
ol
o
[
W
o
of,
%
L
rlo
of
N
1o

gk
3z 3}

Bk o] I b2 ofEje] whE W, B g 2 ahy] o] Al B E9kehs 91w
A7 A 8] 2~ o T3}

[of

S Al
(i) miR-1226-5p, miR-4767 2 miR-3064-5p% T4 ¥ o 24

L= 71 0172 mRNAE W 6= Aol I71EH X84 T HEAS
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ojo

ol

Hio

ofe] &g o] e«

&

i
i:l

—_—

E

]

miR-494-3p, miR-501-5p,

miR-1244, miR-6768-5p, miR-4324 X miR-4726-5p & T4 ¥ o2 H

e

miR-494-3p, miR-501-5p,
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A}l A

=

=

1 =& 71 o]/2] miRNA
1 =& 71 o]/2] miRNA
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[104]
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ojo

IS BERY
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[e)
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(iii)
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EHe A3 A
[120] 518 9714 2d A EZ o) AlE A o A ] 2o ZFAE miRNAE e
Zo|t},
[121] E27 F71ER 2l M EZ o] A A of| A W #Fo] F71E miRNAE YHER
Aot}

[122] = 32 6-OHDAE 5% & -t} 2 - (internal control)®] o gk A%l o] T},

w22 o] o} A & A 2] 5hA] &2 ZHES-2] Substantia nigra(A) %1 3]
HEE L Q1= HbA -9k 2] 6-hydroxy dopamine injected+= Substantla mgra(B)/]
A AFEAPE S B2 22 o] Al ols) 21 A7 7F AU A =FHH o] 3

[123] 5= 43= 6-OHDA<®} 7| 5= ¥l 494-3p < &F ©. = Substantia mgra«] AR 37
ol & g Aot F A HA Wl A o] AP %) et B(injected) ol A &
¥ -8 H&E staining 994 0 2 2F215} 51 T}

[124] % 5% 6-OHDAS} 37| 9] ¥ miR1244 ¢ ¥ 2 & Substantia nigra2]
NABAMET} Aot &= go F Aot FA JHA Wl Mo ACY )2t
B(injected) ©l| 41 2] ¥ ¥1-8- H&E staining 4 A4 ©. & 22135} 31 T}

[125] T 62 6-OHDA 9} ﬂ”ﬂ < ¥ miR4324 3 5(; © 2 Substantia nigra2]

ANAA E7} ol 25 g1g Aatolr). A 7| A el A o A<t
B(injected) °l| A4 2] ¥ % H&E staining $3 Y Slfﬁ 22153 o}

[126] 5 72 6-OHDA <%} e =<1 ¥l miR4726-5p < &F ©. = Substantia nigra$]
ANAA E7} ol 25 g1g Aatolr). A 7| A el A o A<t
B(injected) ©ll A 2] ¥ ¥1-& H&E staining §3 4 2 2 2215151t

[127] 5= 82 6-OHDA <%} 7| 5= ¥l miR6768-5p < &F ©. = Substantia nigra®]
ANAA E7} ol 25 g1g Aatolr). A 7| A el A o A<t
B(injected) °ll A €] & H &E staining 4 2 © & &2l5} it}

[128] 5= 93= 6-OHDA <%} g7 =<1 ¥l miR501-5p < &F 2. = Substantia nigra®]

ANA A E7} ol &< & Jﬁ Axfolvt. & JHA Wl A ol ACEd) et
B(injected) ©l| 41 2] ¥ ¥1-8- H&E staining 4 A4 ©. & 22135} 31 T}
s

Ao AAIE 9% A

1

[129] olal, AA| o & Foto] & W& U5 s Agstarat gttt o] 5 A A
o= QEX S BHop A2 o ® Ayshy] fg A ew, E e
Aol wpet & g o] W97t o] & A A oo el A&y A vk A
A ANA Bl Z A& 7HH Aol 9l oA A EF Aot

[130]

[131]  AA4

[132] ]EE 24 Hl-i’

[133] 1. SH-SY5Y 4| ¥ wjj %

I

[134 C57BL/6 SH-SY5Y 2173 ¥ A 3 (neuroblast cell)<= heat-inactivated fetal bovine
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[135]
[136]
[137]

[138]
[139]
[140]

[141]
[142]
[143]

[144]
[145]
[146]

serum (GIBCO, MD, USA)°| &% % 10% ¥ &= & 7} DMEM(Dulbecco’s
Modified Eagle’s Medium, Invitrogen, MD, USA) W X] & o] &, 37°C 55 5% CO2
chamber W ol A 1l &3} tH(Jang, S.-W., Oh, M.-S., Yang, S. I. & Cho, E.-M. Gene
expression profiles of human neuroblastoma cells exposed to CuO nanoparticles and
Cu ions. BioChip Journal 10, 140-149 (2016)). Z18] 3L 6-5} 0] = 5-A]

5= 39}71(6-hydroxy dopamine, Sigma?Aldrich, St. Louis, MO, USA)<> PBS(phosphate
buffered saline)l] =] -80°Cel] R.#3tAA AL wjnjo} F5-5 wl %] 2] A] oF-&
AL-8-31 Sl a1, 53] W 2] (light sensitive) 3} S T}

2AXAEFT AIE

M3z o] Aol g 7S 9] 3] 4] = stable tetrazolium salt, WST-1 assay
(Sigma-Aldrich, St. Louis, MO, USA)-S- A-8-3} 31 =H|, SH-SYSY A 3% & 96-4
8o E ZF Ao 5000 cellsZ 3Fo 6-3F0] =5 Al =3} R1(60HDA, 25 uM, 24h)S-
X X8R TH @A PBSE A 2] 8 273 v sl ar, A g E R 241 3F Ao
WST-1 solutions 10 ul/¥ % 7}8}e] 37°C chamber W W] &3ttt A F a5 &
450 nmol| A ¥ 3}&k A& A5k gels it

3.RNA #¢

60HDA(25 uM, 24h)7} A 2] ¥ SH-SYSY A|3Z5-9] total RNAT= Trizol reagentE
Agahel Bl L e AlzAbe) AT e iz
w5k © ™ (Invitrogen, California, USA), +-2] ¥ RNA 2| F%F 3 =% NanoDrop
ND-2000 spectrophotometer(Nano Drop, Delaware, USA)E ©]-8-3}<] 260/280
nm(ratio 1.8-2.0) ratioE- 7] 5= 2.2 743} tH(Kim, G. W. e. a. Integrative analyses
of differential gene expression and DNA methylation of ethylbenzene-exposed
workers. BioChip Journal 9, 259-267 (2015)).

4. miRNA 28 T2 59

miRNA expression profiling assay S 9?1 3}9] Affymetrix miRNA 4.0 array(Lee, S.
E. e. a. Identification and characterization of MicroRNAs in acrolein-stimulated
endothelial cells: Implications for vascular disease. . BioChip Journal 9, 144-155
(2015))E AF-8-3}31 3L, microarray datat™= Gene Expression Omnibus (GEO)
EBIEE BESRSE R T

miRNA "E& 2 ¢
TargetScan6.2 DBE &85
analyses of differential gene expression and DNA methylation of
ethylbenzene-exposed workers. BioChip Journal 9, 259-267 (2015))°f] w5k T}, &},

5.8 A% 2 4A B2 B
27

151 ™, miRanda algorithm(Kim, G. W_ez al.Integrative
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7 A skar ok o 2 Ul W 315 B o] = miRNA target<> Gene Ontology(GO)
categories(http://www.geneontology.org/)(Cho, H.et al. A relationship between miRNA
and gene expression in the mouse Sertoli cell line after exposure to bisphenol A.
BioChip Journal 4, 75-81 (2010); Jeong, S. L.et al. MicroRNA microarray analysis of
human umbilical vein endothelial cells exposed to benzo(a)pyrene. BioChip Journal 6,
191-196 (2012); Park, H. R., Lee, S. E., Yang, H., Son, G. W. & Park, Y. S. Functional
screening of altered microRNA expression in 3-methylcholanthrene-treated human
umbilical vein endothelial cells. BioChip Journal 8, 260-268 (2014); Park, J. H.et al.
Expression profiles of miRNAs during ethanol-induced differentiation of neural stem
cells. BioChip Journal 6, 73-83 (2012))Z ©|-&&}o] 2] 8213} T}, log, fold
changeE <A Z W9 S22 FE A7 YEU & A2 miRE AE353

[147]

[148] 6. AN TERE Az

[149]  6-OHDA(Sigma, St. Louis, USA)°ll 9] g+ 54 o] =l 21 A M Z e vk o &
% 9 1 5= noradrenalin transporter blocker$! desipramine(12.5 mg/kg; Sigma, St.
Louis, USA)& 6-OHDAE S 3517] 30874 A& &l 7oz Fs3i
Ketamine(40 mg/kg) ¥} xylazine(5 mg/kg) &N & H7kFAlslo] AP sE53 7S
3 e o] 8 & vH E Bl A, A X (David KOPF instrument.,CA,
USA)ell argstar w g o] 95 A7jste] MW E =EA7 & Aed =
goldta o) E 7| M OoR HZOE | lmm, LEZECE 1.2 mm o] FH XA
A g 2d 5 ol geto] 22 72 FAY 7S S8 H 2R 5.0 mm
A A 7}A] 26-gauge needleS 41 8Fe] Q2% oF&: 9k v}l (medial forebrain
bundle; MFB)©l| ] %] 8} % = 531t} 5 uL 8] Hamilton syringe & ©|-8-3519 0.1%
ascorbic acid < %1 6-OHDA 2 uL(2.5 ug/uL)E Infusion pump(Harvard Apparatus.,
USA)E 0|83} 0.5 ul/min®] &5 o2 F-¢] ¢t} tF& 5 ul ] Hamilton
syringeZ ©]8€3}4] SuL 2 ¢l &2 miRNAE 0.5 uL/min2] <3 0 &2 F135}a1,
Tol ¥ F 552 ¢ 715 vl 7F Hamilton syringe & A| ASFAL 3¢5
& ekl th. #1252 -t 3 (internal control) & & AF-8-5}7] #]8Fo] o} A1 Lt
TU3HA] Zdt). 2 ¢ -5 & & Ketamine(70 mg/kg) ¥ xylazine(8 mg/kg)
L3t o 7 upFH g 7 A AS 58l 4% paraformaldehyde(in 0.1 M phosphate
buffer, pH 7.4) & T 1178 8k H 224 & A =33

[150]
[151] A7

[152] 1.PD 229 A X AL A A 4 E miR

[153] 7] 4ol $74-5 T2 2 A YERH = miRNA 5 PD 2.2 2] Al 39

ApE A ) A W o] 7T b FEel Rl miRE = 13 2} o] F,
miR494-3pi= o} 9211w Bavt glis el 2 A3 Ha ) v
Aginjel uhg A o 2 elgdeh 71 9] o) X log ratio S 7] S & 2.0 (30% ©1 )
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[154]
[155]
[156]

[157
[158
[159
[160

— e e

[161]

[162]
[163]
[164]

[165]

[166]

[167]

[168]

[169]

ol4te] Z+AE B miRE = 1o A7 vl 3 o] 5 miR-12443=
bioinformatic data analysis 2 ¥} “TBC1 domain family member 2B’ 2}+= T 2 -
targeting&hi= 21 0 &2 A ¥ Ut} o] Vol A T2 A2 sl H ol A 9

A A Ao M Eo] A 2 8 LB = genes & 2 A H T A 9 S E
targetingdh= -4 Q1 A2} M 2] miRNAE 352 A o] T}(A Network View on
Parkinson's Disease, Comput Struct Biotechnol J. 2013; 7: €201304004).

2.PD 22 9] A X o] APE A A F71E miR
A7 o] s FE YA A YERY &= miRNA 5 PD 2.9 o] A 3 9]
Abd Ao A vtd o] F717t 7 R miRE = 29 £t

3. miR SEQ

A7 o T FEYA A YER = miRNAL] A E g 1= vhS1) 2

PD & O] Ao AbE Ao A R o] AT 7 =2 %] miRNA+
hsa-miR-494-3p(X € -5 A 14 €: UGAAACAUACACGGGAAACCUCQ),
hsa-miR-1244(A € 55 424 4: AAGUAGUUGGUUUGUAUGAGAUGGUU),
hsa-miR-6768-5p(X & &5 A|34] &: CACACAGGAAAAGCGGGGCCCUG),
hsa-miR-4324(X & 55 A|l44 &: CCCUGAGACCCUAACCUUAA),
hsa-miR-4726-5p(A & &5 A|54] &: AGGGCCAGAGGAGCCUGGAGUGG) %
hsa-miR-501-5p(X @ 55 #|64 €: AAUCCUUUGUCCCUGGGUGAGA)®] t},

PD & 9] Ao AbE Ao A A o] 77 7 =2 %] miRNA+
hsa-miR-1226-5p(A] € -5 A| 74 €: GUGAGGGCAUGCAGGCCUGGAUGGGG),
hsa-miR-4767(A € 5-5 A|8A4 &: CGCGGGCGCUCCUGGCCGCCGCC) #
hsa-miR-3064-5p(A & -5 A|94] &: UCUGGCUGUUGUGGUGUGCAA)©| t}.

4. H&E staining

H ol §5H 7= 271 9] -8 ¥ W o] ] = Substantia nigra pas compacta
2o o] M EAYEE S H&E staining © 2 <1 B] w8193 o},

) 22 A M 45 B84 s 22U A %S -5 (coagulation)
£+ % Z(precipitation)A] A 284 “J il (insoluble state) = # &+sho] 37} 2
RHEH LS 87] f8ke] oy ool T 450 A dho] 4 ang g

) e B 2 Y A H FREA A o] &8 &l of Al A
A2 27k 4] o] ahet s 55 ol stA &t7] 9 gtoltt.

3) b EE o] Az st o] &5l 22 o OB GYPFFoR s
Z2 o} Aol F27F W ¥ X =T

4) Eefo] = A« vhd o] @ paraffins =& Microtome knife 2.2 10 um 77 &
A &7+ H & Siloane coating slide®l | 2} g+t

5) @A 22 o] HES 98] A2l g vheh 3 2 A A 8} 3L Harris hematoxylin-S-
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o] 8-35fo] M E 2] &8 FME}AL eosin YE ©]-8-35}o] tfH| A 515t
6) A= Al EE = = A9 & o] 3 A }%%*—‘1]9_?._ ISRl

5. mRNAE S A A A X APE A 57

S 3R] & 9ol A gl et 4= Q= kel o], 6-OHDARe] =94 &
W42 o &+ (internal control)( 5= 3)0l| A A A A ZAVE S Z8 2% 2] HEof 293
1 A7 7F AYA A G=FE o 9 S-of §EEe], miR494- 3p(X= 4), miR1244(% 5),
miR4324(% 6), miR4726-5p(5= 7), miR6768-5p(5= 8) Ho+= miR501-5p(%= 9=
o gt Agl o M A A A 27 Aol gl &0 1 E AT o] & Faf & i
miRNAE o] A QA APE 2H8-& Whojel=d 8dgt g 17 Q= o=

T H AT

ﬂd
2
o
1o
e
°
Ll
ot

d E Z Free Text
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<120> miRNA as a biomarker for parkinson's disease and diagnostic kit

using thereof
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<170> KoPatentln 3.0
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<211>22

<212> RNA

<213> Homo sapiens

<400> 1
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<210>2

<211>26

<212> RNA

<213> Homo sapiens

<400> 2
aaguaguugg uuuguaugag augguu 26

<210>3

<211>123

<212> RNA

<213> Homo sapiens

<400> 3
cacacaggaa aagcggggcc cug 23
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<210>4

<211>20

<212> RNA

<213> Homo sapiens

<400> 4
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<210>5

<211>123

<212> RNA

<213> Homo sapiens

<400> 5
agggccagag gagccuggag ugg 23

<210>6

<211>22

<212> RNA

<213> Homo sapiens

<400> 6

aauccuuugu cccuggguga ga 22

<210>7

<211>26

<212> RNA

<213> Homo sapiens
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<400> 8
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-3 1] st7] ol ©A & bt a1 SH o] XdE g A RE Al eeh= W
(a) I AAZ B FH 53 M ZE Foll £ 3 miR-494-3p, miR-501-5p,

miR-1244, miR-6768-5p, miR-4324 ¥ miR-4726-5p & -4 ¥ v © 2 F-§

ABE =1 = T o) miRNAS WA S G A& Tl 234

7] miRNA S| 3 9F3} Bl L ehi= wHA|; 3

(b) 271 AR ABE Foll E3HE 7] mi

=0l 33 miRNAS] W ek B} 74w

[81% 2] A1kl oA, 7] HE B8 @A E FUH o g ¥ EEhE Ae
o]

T = 1
miR-3064-5p& - H 7" Q2T AE ¥ = 1 & 1 0]/ miRNAY
A G Gt A Foll 235 A7) miRNAQ] & oF o) v) k=

A 2
(b) A7) A AR ME Fo) £3FE A7) miRNAS] W3 ofo] Aot M=
<ol 3£31¥ miRNAS] A Y Bt T7He A9 971 o 2 lds)he=
A,
%473 3] stz A& E3tete S EH Y xldhs gk JRE AT sk W
(a) 1) 7 A} 2 W] 4 =3k A2 Zo] F3FE miR-1226-5p, miR-4767 2
[e]

%74]; EL
(b) 7] B) A Ae] AE Sl L3k 47 miRNAS] Wl Qo] A 415
ol 3% miRNAS] H3 e B} S7he 4§ mprlsw o2 sl
A

[7d -3 4] miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324, miR-4726-5p,
miR-1226-5p, miR-4767 X miR-3064-5p= -4 ¥ o2 HE A8y = |
E= 71 o]0 miRNASE 5ol 4 o' A% 7ha gt SAkE L8 ah=
S o] Ak iz o 7 E48 T E.

[(87%5] shrle @AE Edehs wIEd e d e A
(i) miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 %
miR-4726-5p & 7 ¥ S 2 HE AEE = 1 =& 1 o429 miRNAE
SR ALl AN F2 FREDE AN 471 A2

=
(11) A7l e i SRS

Hl- Qo] &} 82 A (down-regulation)

A
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[ % 6]

(7478 7]

(37 8)

[47% 9]

[7d7-8 10]

74738} 11]

eksteE whA.

st7]1e] @A E &t IS R EA Y &~
(i) miR-1226-5p, miR-4767 2 miR-3064-5p & -4
1 £5= 71 0]%2] miRNAE & &= A 3o 3 71&H
A2l ste] 7] A EA 47] miRNASY] & ¢S 22l
(i) 371 TS 3 TR EAS A e Al

Wk QFo] Ak (up-regulation)d 745 14w B R ddstE
W),

a7l el @A E Eakshs ey A wAel 2aed

(1) miR-494-3p, miR-501- 5p miR-1244, miR-6768-5p, miR-4324 %
miR-4726-5p = 1A ¥ aF Q2B A Y= 1 B 11 o449 miRNAE
sl A 3o »‘rﬂé% ‘]Exﬂ FHREAS Adste] 4] Al Eel A
7] miRNA ] & 43 gelshi= dA; 2

(i) A7 S A 52A4 FREDS A Al
Hle] QFol /a2 A (up-regulation) g 7 -§- 371
.

st7] o] dAE E3tsls SIS A 549 28 Y
(i) miR-1226-5p, miR-4767 2 miR-3064-5p & T-A] ¥ 7 Q. 2 IE A ¥ =
1 B3 71 0] 7%2] miRNAE A5t Al 3zel 2711 A

FEEAE A2l 3tel 47 AR P2 mRNAS] FESE A

ok
=2
>
0%
N
=
=
Z,
>
1o

lr

O

A 2

(i) A7 IS X 5A R E2A S A2 g A ol A 47] miRNA2]
Hl] Qo] &} 8% A (down-regulation)E 7§~ 371 & A B A 2 st
A,

miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 el
miR-4726-5p & 7/ € w28 A E = 1 E= 1 o) de] miRNAE
FaEAT O R ¥3tshE o] oW e X 88 oFA| T 24 =
miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 2
miR-4726-5p = 74 ¥ 7 S 2R HEE = | e 1ol miRNAE
FaEATOR ¥3telE 1SR o] ol = AR AR A=
miR-494-3p, miR-501-5p, miR-1244, miR-6768-5p, miR-4324 2
miR-4726-5p = 74 ¥ 7 S 2R HEE = | e 1ol miRNAE
At Al FE T Fol st WAl E Edheh gl o A =,
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[=1]
Probe Transcript ID . log ratio FCAbsolute Regulation
Index | et 1D | (miRNA name) | Accession Wvs.C] | [Wvs.Cl W vs. C]
436 20503803 | hsa-miR-494-3p -3.024323 | 8136018728 down
898 20506835 | hsa-miR-1244 -2.68516 6431521165 | down
2207 20525497 | hsa-miR-6768-5p -2.33117 5.032132814 down
1198 20517704 | hsa-miR-4324 -2.119451 | 4.34528559 down
1740 | 20519566 | hsa-miR-4726-5p -2.045094 | 4127001607 | down
510 20503877 | hsa-miR-501-5p -2.019889 | 4055525878 | down
[=2]
Probe Transcript ID . Ibg ratio | FCAbsolute | Regulation
Index | get 1D | (mIRNA name) | Accession Wvs.Cl |Wvs.Cl | [Wvs. C]
843 20506767 | hsa-miR-1226-5p | MIMATO0Q5576 | 2117824 | 4.340387954 | up
1816 | 20519642 | hsa-miR-4767 MIMAT0019919 | 1.996284 | 3.989710318 | up
1759 | 20519585 | hsa-miR-3064-5p | MIMAT0019864 | 1.962058 | 3.896173707 | up
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