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> = a

) = %,

A~
T

]

(o]
=

1 A

Chtl

= miRNA =58

1 RNA &=

o
bl B 4

53

7] 71 E3= PCR, RT-PCR 7] E, 2l A]7F PCR
%
A, A

g el

1

ko)
-

2=

[¢]
=

T

=

7} PCR %

E

3l (lysis)7F 7+

)

71 7]

/\01—

2

o A A o
7| E 2 wlo] A&l glo] H 7| ER o] Folxl o A AEF 1% o

AT,

=
=49

1

1
AleFo R AlE &

o=

[83]
[84]
[86]
[87]
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[88]
[89]
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oz
rlo
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™,
uv
o
i)
=}
O
=
-_&4
i
iz
1
0%,
i
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b)
miRNA o] A A
7] 74 ¥ miRN
et=stol g XS 913k AR o AlF WHS AlFgt)
[90] 471 a) WA o) @Al thal vl
W82 gk 1348 39 shr] 9l ek =
a) A= g=stolm ¥ o] ol o g AAL7F E Qg o) A} 2 E

T
r-g{_t
4
MN
o
)
BN
y

kS
E

O

[91] o
A=A A 85 A5 8h= g o]t

[92] Bk o] o Ao w2, V] a) Gl AESHA AlmE g, I
P, fHx o ol AW d 22 0 R o] Fojxl oA AElH 1F o] gl AY
T At

[93] 371 b) @A = A& A gl A vlo] Q1A miRNA L] 4] o] 19} §7
el =EE SA sk A Aol

[94] Bk o] o] LA ofof] up =, A7 b) ¥WHA ] miRNA= hsa-miR-10395-3p,
hsa-miR-122-3p, hsa-miR-1273c, hsa-miR-1296-3p, hsa-miR-29a-3p,
hsa-miR-301b-5p, hsa-miR-3651, hsa-miR-3667-3p, hsa-miR-375-3p,
hsa-miR-376b-5p, hsa-miR-376c-5p, hsa-miR-3920, hsa-miR-642a-5p,
hsa-miR-6809-5p, hsa-miR-6858-3p, hsa-miR-7112-3p, hsa-miR-758-5p, hsa-miR-933
2 Mature_4262 o] Fo] X ol Al A ElH 18 o] g2l A 4= A

[95] R B el A A ool =, A7) b) WA 2] miRNA=
hsa-miR-10395-3p, hsa-miR-122-3p, hsa-miR-1273c, hsa-miR-376b-5p,
hsa-miR-376¢-5p 2 hsa-miR-6809-5p = o] Fof % ol A Al g 15 o] < A

A
T At

[96] Vg ol o A eof] whE W, A7) b) @A ] miRNA 2 &2 FHaL
o ) ¥k-2(PCR), A A A} 287 4 o H9H-S(RT-PCR), 7 4 2 RT-PCR, 2 A| 2F
RT-PCR, 3 4H7-3ll &4 B % 4] (nuclease protection assay), in situ 255,
nfola ol go] T wrl B0 T o]FEo]xl Fo| A AElE £ o] Ale] U
S = A 5 3.
[97] o] 2] 3 miRNA Hd =52 A
ZAEELEIEES

[98] 7] c) A= AETA ARl A ZAE miRNA TS o) 277 1] 13}
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[99]

[100]

[101]

[102]

[103]

[104
[105
[106
[107

—t e e

TA oo =, 7] ¢) A= ) A ol A hsa-miR-1-3p,
hsa-miR-122-3p, hsa-miR-136-3p, hsa-miR-215-5p, hsa-miR-3175, hsa-miR-3179,
hsa-miR-323b-3p, hsa-miR-329-3p, hsa-miR-3667-3p, hsa-miR-375-3p,
hsa-miR-376a-2-5p, hsa-miR-376b-5p, hsa-miR-376¢-5p, hsa-miR-3920,
hsa-miR-409-5p, hsa-miR-410-3p, hsa-miR-494-3p, hsa-miR-5582-3p,
hsa-miR-6809-5p, hsa-miR-6842-5p, hsa-miR-6858-3p, hsa-miR-7112-3p,
hsa-miR-758-5p, hsa-miR-933 = hsa-miR-99a-5p& o] Fo] %l ol A A&l d |5
o]/do] miRNA &d =Fo] o) vl &l & 45 d=stolyg o=
sz Ad 5= At

R B el A A ool =, 7] ¢) A= A A el A
hsa-miR-10395-3p, hsa-miR-1273c, hsa-miR-1287-3p, hsa-miR-1296-3p,
hsa-miR-214-3p, hsa-miR-27a-5p, hsa-miR-29a-3p, hsa-miR-301b-5p, hsa-miR-3651,
hsa-miR-4301, hsa-miR-4436b-3p, hsa-miR-4645-3p, hsa-miR-497-5p,
hsa-miR-598-5p, hsa-miR-642a-5p 2 Mature_426% ©] Fo] %l srol| A A el gl 15
o]/do] miRNA &d =Fo] thxao) vl &) W& 45 gd=slolmg o=

stz A 4 9ok

AAo: E=3to| M H XE§ Al qf vio] mpA Bz

LE=Fg A4

2020 44 7E 2021 2¥ 7K MMSEES E8H3E &= 38lol w1 AL E ke
73 ¢1(normal control, NC) 98 3} & =3} o] ™ ¥ 314} (late-onset Alzheimer’s
disease, LOAD) 92 A17d8o] B ehg 7 A8t (£ 1).
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[108] [3%1]

T D 4 A MMSE
NC 19 = 72 28
25 = 73 30
77 o] 73 29
21 = 74 30
7 o] 75 28
12 w 75 30
30 = 76 30
26 = 77 27
39 w 79 18
LOAD 86 = 72 25
46 w 73 25
56 = 73 21
13 = 75 21
48 w 75 29
63 = 75 22
41 = 76 23
16 o] 77 15
17 wt 79 23

[109] 2. miNRA A &4 2 dlo|H 7}

[110] Qe d=stol )y Sk} 1ke] FE A s elE A 5] 918l NGS W
Alg AA ST B el A A FH $F F N A 5= miRNA A1 D34 (Homo
sapiens miRNA sequencing)-S 93l A}-835}5] o™, GvlA 2 Aol o] 25}t
ZverstAl A 6, PrimeScript 9 A A} 8 Ax(reverse transcriptase, RT) 2
SMARTer® smRNA-Seq Kit for Illumina® (TaKaRa)E AF-&-3}o] & oo &4 3li=
RNAE cDNAZ 34 ¢ 3 PCR T35S ottt A A & dlolH 7Ha&
A&l FE A E 2] = (raw sequence read)°l] T3l F2 -8 H7Fste] of gl H
Al Z=(adapter sequence) & X3 Pl =5 A 9 5H3 3, EY 2] = (trimmed
read)$} o 1] A 27} @13= 2] Z(non-adapter read) (= 50 bp)E A BEFA T (=
). o] %, Bl = o], 4 <& & Y (sequence identity) 5 ©] 100% LA 3t= 2| EE
ol shte] & 2 H(cluster) & H A ¢ ¥ EE Q3 rRNAE Al 7 319 miRNA
T2 utd ol AFEFlTh Ul 9] rRNAS Al 7] 351 H-& RNA= 18 ~ 100
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[111]
[112]
[113]

[114]
[115]
[116]

[117]

nt«] 2-2(short) RNA©C| ™, 47 bp2] EH 2]= 2 20 ~ 25 nt2] 4 < miRNAE

3. miRNA T2 3¢

miRNA 4] 43 E 9 o] miRDeep2 & AH-8-38te] 713 dlo] B & 3§ 41+
miRNAE o 5351t} WA, @3 = 2 A 35 (reference genome) miRBase v22.1
(human miRNA 2,6567})¢} B] ¢+ % 3} RNA ©] ©] B ] ©] Z~(non-coding RNA
database) RNAcentral 14.05 =214 . 2 AL-&8-38}o] 2l <] 7 miRNA S} (RNA,
snRNA, snoRNA 5 U2 RNAE ¥738F 31t} (&2 2). o], &3 1 2~ Homo sapiens
GRCh3 & AF-&35fo] 7| Eol B2 H) ¢l miRNAE A9 miRNAZ #3131 o)

4. 2}5 1E miRNA ¥4 23
F=9) 2 LOAD 1% (n=9)o A A &% 71¢] 2Fe 23 miRNA

AL s ,j\E} ZF5 ¥HE] miRNA F-A o A = rn1RDeep2 Quantifier
module®] A A& A5 miRNA #] = 5 Y- © o] Bl (raw data) = AF&3FA T}

A, wolE AAle] Ao = ol F4 R FAM HAALE Fds it =
3,473711 9] 43 < miRNA (2 o] E]) Z 35970 7} A A Al = 187)] ol A]
TEH o pEE v 1,119/ 7F A Azl AF w2 ¥ A gk A A
A8 o] Auto] Wi= 97 o] A}e] A EolA FEA o7 72y = A< miRNA
9097} (72 Hlo1Eh S ¥A10] o S5 (= 3). ol F, Hlolele] A4 el
3 3(systematic bias)e =] 7] 913l tloly HAg L 4315 35ttt
calcNormFactors WH . 2 1 E to|E 9] gl= A7 & FA-st] g= 45 g =
W k7] & 7 5=(counts per million read, CPM)= 21 H 335131 o1 o] &
TMM(Trimmed mean of M-values) "W & 2 A3} 510 (X 4). A 714 &)<
2 wAet7] f8l CPM = A ke g = ol 12 Yekdth 18 o o
dlol®, 21 H3 B TMM A 315 A4 3ksto] AlRd 2d Hes
ER AT (2 5). ZF A8 E He] A3 H4& 18l 2 A= oigk 4
Zk(normalized value)2| 3] 0] <= 2} 3 A 4=(Pearson’s coefficient, 1) S ©]-83}o] 7}
A= & gFe| A= (similarity) & 2ottt A () 2F 0.8 WA 1.09]
W2 YEL T (2 6). oo M AlS4 3] 8} 54 (Hierarchical clustering
analysis)oll A 3= ZF Al2.9] Bt 4hS o] &&te] 8 WhE H ALK S 7] =

A BEE 2153353 Y (5= 7). o1 714 A8 2 % (Distance metric) 2 += 3¢ =
71 2] (Euclidean distance)E, 12 ' (Linkage method) 22 = &7 <12 (Complete
Linkage)= AH-&3t It A A tlol B of W54 2 HEl 7] 93] thakd 5 &=
4] (multidimensional scaling analysis)S 53l ZF A| &5.2] - gkS o] &3]
NBE 7He] §AME S 22 2= 2 VER QT (5 8). ZH Z o A=
o] AlA (outher)g ;%t AN %1} 1) s 7k aks JHEJ S) /\}/H Kol ﬂo]aEL z,:

1

)= R
At

o

4
3
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[118] o] & A1 <= miRNA 9097l ol th3] =Z-A) ¥4 (fold change & exactTest)S-
T8kl NC 7155 2 LOAD “L35 {Fo| & 2 etk ¥ A< miRNAS
AR T 90971 = il 5= ¥ S)(fold change, fc)ol] &l 8] W& zlo| & HQl A<
miRNA= 9970 31 0.1 (5 9), vl 5= ¥ 3}e 7| p gholl 9]3]1 Froful gk iy
abol & Bl A< miRNAT 417191 (5 10). Ifcl > 2 2 exactTest 7] p 4k <
0.059] 2718 W53= 417119 A< miRNAE &4 tl] o] B (significant data) =
AT (3£ 2). NC 7155 7 LOAD 1355 {F9] vl nlsto] v~ A gle} p 4h-&
2IASSIAT (5 1) 3 AA Hy 2 ol whel NC ZLgol Bl T E
2ol 7F & miRNAE &¢18t7] el A =2 YEP AT (= 12). ol & =4,
“d < miRNAZ} vl 5= ¥ 3}ol| A 29 o] ”9] 2ol 7} At 2k & 3 1F logCPM E.Th
f—i*o‘ﬁo U A A o] Jlvhar & == vt o] & & gtsto], Al ol o
T (A dhell Wt A< miRNASE A 8 9] frAML & - 8sto] 7154
T3 A o ® R (52 13).

g
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[3£2]
fold change | p-value fold change | p-value
>2 <0.05 >2 <0.05

hsa-miR-1-3p 2.630 0.0169 |hsa-miR-376¢-5p| 3.601 0.0013

hsa-miR-10395-3 | -16.137 0.0003 | hsa-miR-3920 2.623 0.0097

P

hsa-miR-122-3p 3.732 0.0084 | hsa-miR-409-5p 2.178 0.0471

hsa-miR-1273c -4.437 0.0094 | hsa-miR-410-3p 2.432 0.0194

hsa-miR-1287-3p | -2.418 0.0347 | hsa-miR-4301 -2.602 0.0487

hsa-miR-1296-3p | -4.220 0.0419 | hsa-miR-4436b- | -2.059 0.0432
3p

hsa-miR-136-3p 2.287 0.0155 | hsa-miR-4645-3 | -2.103 0.0365
P

hsa-miR-214-3p -2.176 0.0280 |hsa-miR-494-3p 2.309 0.0188

hsa-miR-215-5p 2.322 0.0380 |hsa-miR-497-5p | -2.221 0.0182

hsa-miR-27a-5p -2.173 0.0284 | hsa-miR-5582-3 2.854 0.0421
P

hsa-miR-29a-3p -2.483 0.0028 |hsa-miR-598-5p | -2.970 0.0313

hsa-miR-301b-5p | -2.722 0.0051 |hsa-miR-642a-5p| -3.564 0.0397

hsa-miR-3175 2.965 0.0451 | hsa-miR-6809-5| 3.353 0.0016
P

hsa-miR-3179 2.148 0.0373 | hsa-miR-6842-5 2.520 0.0101
P

hsa-miR-323b-3p 2.119 0.0465 | hsa-miR-6858-3 | 3.550 0.0245
P

hsa-miR-329-3p 2.223 0.0160 | hsa-miR-7112-3 | 3.619 0.0215
P

hsa-miR-3651 -5.177 0.0240 |hsa-miR-758-5p 4.976 0.0153

hsa-miR-3667-3p 3.153 0.0258 hsa-miR-933 3.209 0.0299

hsa-miR-375-3p 3.110 0.0212 | hsa-miR-99a-5p 2.373 0.0148

hsa-miR-376a-2-5| 2.451 0.0208 Mature_426 -5.677 0.0425
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[120]
[121]

[122]
[123]

[124]
[125]

p

hsa-miR-376b-5p 3.670 0.0022

* hsa-miR¥= @l W20 HH AL miRNAC|H, Mature:= 21977 miRNAE

o=y E= AL

71 327 4 dlolE el #lE3h= A< miRNA 4170 5 Ve o=
7|0l Bard A S miRNA 4079} o H A @A oA A& Fld A A<
miRNA 17] & ¥£3&3kt} o] 2] & miRNAE &=5lo] Wy Xghe 98 T 1.
vlo] QA 2 417 ¥ Sl

291 4 < miRNAQ] A E-& 817] 3 30 e AT

[3E3]
217 4 miRNA A7 (5°-3) R
Mature_426 GAAGGCAGAGGAAGAATC 1

18] 3 3F7) T 400 A 9 7ol 41712 miRNA £ NC “1& tju] =& 439
<= W sk(fe) 7} 391 & st o p 4hel 0.01 7] 7F (fe >3 B+ p < 0.01)%]
1971 2] miRNAE ¢=3slo| Mg 28 ulo] e np7| & A elslglon, o)& &
A7 218 55 WE5HE 67012 miRNA (fe >3 2 p <0.01)7} & =3lo] =

Aerel AuE P VRS YA RO o4 5 e,
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[126] [3%4]
fold change p-value
>3 <0.01

hsa-miR-10395-3 O O
P
hsa-miR-122-3p O O
hsa-miR-1273c O O
hsa-miR-1296-3p O -
hsa-miR-29a-3p - O
hsa-miR-301b-5p - O
hsa-miR-3651 O -
hsa-miR-3667-3p O -
hsa-miR-375-3p O -
hsa-miR-376b-5p O O
hsa-miR-376¢-5p O O
hsa-miR-3920 - O
hsa-miR-642a-5p O -
hsa-miR-6809-5p O O
hsa-miR-6858-3p O -
hsa-miR-7112-3p O -
hsa-miR-758-5p O -
hsa-miR-933 O -
Mature_426 O -

[127]

[128]  OlA7FA] & ol thste] L upghA gt Ao &5 TR AW E AT &

16
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[129]

AP ol &7 A

=

b & 217 miRNA 1}o] @ w7

[130]

[131]

e

ol

—_
fite]

=

ol
=

3

&

=
=

7 miRNA Hl-0] @ 7}

Kol A&

[133]
[134]

X 8 E-Z Free Text

A

ot

[135]
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T

[ 1] hsa-miR-1-3p, hsa-miR-10395-3p, hsa-miR-122-3p, hsa-miR-1273c,
hsa-miR-1287-3p, hsa-miR-1296-3p, hsa-miR-136-3p, hsa-miR-214-3p,
hsa-miR-215-5p, hsa-miR-27a-5p, hsa-miR-29a-3p, hsa-miR-301b-5p,
hsa-miR-3175, hsa-miR-3179, hsa-miR-323b-3p, hsa-miR-329-3p,
hsa-miR-3651, hsa-miR-3667-3p, hsa-miR-375-3p, hsa-miR-376a-2-5p,
hsa-miR-376b-5p, hsa-miR-376¢-5p, hsa-miR-3920, hsa-miR-409-5p,
hsa-miR-410-3p, hsa-miR-4301, hsa-miR-4436b-3p, hsa-miR-4645-3p,
hsa-miR-494-3p, hsa-miR-497-5p, hsa-miR-5582-3p, hsa-miR-598-5p,
hsa-miR-642a-5p, hsa-miR-6809-5p, hsa-miR-6842-5p, hsa-miR-6858-3p,
hsa-miR-7112-3p, hsa-miR-758-5p, hsa-miR-933, hsa-miR-99a-5p %
Mature_426= o] o} 7l 7ol 4] A Bl 1 o] 9] miRNA Hd F5&
SA 8= A A& E3ohes dxstolmH g A=,

(2-r&2] A 10l ojA,
7] Mature_4267= A 9HE 12 FAE = A 2=

g3 3] AR el oA,
“}7] miRNA & hsa-miR-10395-3p, hsa-miR-122-3p, hsa-miR-1273c,
hsa-miR-1296-3p, hsa-miR-29a-3p, hsa-miR-301b-5p, hsa-miR-3651,
hsa-miR-3667-3p, hsa-miR-375-3p, hsa-miR-376b-5p, hsa-miR-376¢-5p,
hsa-miR-3920, hsa-miR-642a-5p, hsa-miR-6809-5p, hsa-miR-6858-3p,
hsa-miR-7112-3p, hsa-miR-758-5p, hsa-miR-933 & Mature_426% ©] o %1
ol A AEE 1F o] A 2=

273 4] A 10l oA,
“}7] miRNA & hsa-miR-10395-3p, hsa-miR-122-3p, hsa-miR-1273c,
hsa-miR-376b-5p, hsa-miR-376¢-5p 2 hsa-miR-6809-5p & ©] Fo] 71 o] A
AEE 1E o]l Al 24 =

g3 5] AR el Ao A,
A}7] A A= miRNAY] Eo] & o7 Adlsli= Lol g2 u I

At A2 ZE| Al S QLB =R o] Fol Xl ol A A 1§ o] ¢l
AN 2=

[7d-1-% 6] 7 1WA 5T o= & 3o A S F3ehs d2stoH g AdE
71 E.

%1% 7] A3 60l AofA,
71 71 E= 84t 58 Alofa U 23kek= A 7] E

(4738  ayXdo]l Hagt /AR A&t A8 E A3 s EA,
b) 7] A& -3}4 A] & ol A hsa-miR-1-3p, hsa-miR-10395-3p,
hsa-miR-122-3p, hsa-miR-1273c, hsa-miR-1287-3p, hsa-miR-1296-3p,
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4% 9]

[7d-7-8F 10]

[7d -8 11]

[7d -8} 12]

hsa-miR-136-3p, hsa-miR-214-3p, hsa-miR-215-5p, hsa-miR-27a-5p,
hsa-miR-29a-3p, hsa-miR-301b-5p, hsa-miR-3175, hsa-miR-3179,
hsa-miR-323b-3p, hsa-miR-329-3p, hsa-miR-3651, hsa-miR-3667-3p,
hsa-miR-375-3p, hsa-miR-376a-2-5p, hsa-miR-376b-5p, hsa-miR-376¢-5p,
hsa-miR-3920, hsa-miR-409-5p, hsa-miR-410-3p, hsa-miR-4301,
hsa-miR-4436b-3p, hsa-miR-4645-3p, hsa-miR-494-3p, hsa-miR-497-5p,
hsa-miR-5582-3p, hsa-miR-598-5p, hsa-miR-642a-5p, hsa-miR-6809-5p,
hsa-miR-6842-5p, hsa-miR-6858-3p, hsa-miR-7112-3p, hsa-miR-758-5p,
hsa-miR-933, hsa-miR-99a-5p & Mature_426% o] Fo] % 7o 4 A el
1E ©]%2] miRNA & =53 SA 6= &, 3

) 871 4 ¥ miRNA HE =58 oo Bl ashs ¢

£ E3tsh= dxstolw ] ek 918 FH o] A& WL

T3 8ol A,

7] a) Aol A=otA Mg dd, 94, 94

O = o] Folxl ol A AEH 18 o] 4l A1 .
F 8ol Lol A,

A2l miRNA 23 =52 T AL AHH-3(PCR), & %A
A WH-S-(RT-PCR), 74 A 4 RT-PCR, 4 Al {F RT-PCR,

a4 H.% ¥4 (nuclease protection assay), in situ 1.7,

o] P wmEl BEOE o] Fojxl Fol A Aedl 1% o] 4]
H

.

2
rE
NS

g o

re

L)
2

o o H % ol oX ot N oX oX I
A
2
i
uls
P
S
o

40 O o> ot Ny

% fo U Hr o

of 1A,

Y71 ¢) ©@A= 7l A ol 4] hsa-miR-1-3p, hsa-miR-122-3p, hsa-miR-136-3p,
hsa-miR-215-5p, hsa-miR-3175, hsa-miR-3179, hsa-miR-323b-3p,
hsa-miR-329-3p, hsa-miR-3667-3p, hsa-miR-375-3p, hsa-miR-376a-2-5p,
hsa-miR-376b-5p, hsa-miR-376¢-5p, hsa-miR-3920, hsa-miR-409-5p,
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