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(HE] 8% ISP MER microRNAmMIRNA) Fikil W HATRE LMl . F o RAZERWLFED 10
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HLHI P miRNAs, £ F  RIEEFS AR, LHE 94 A2 F REM miRNAs, HF i 50 4, FF 4 A& FAEEW
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Serum microRNA profile in moyamoya disease: screening and analysis
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[Abstract] Objective To screen and analyze the serum microRNA (miRNA) profile of moyamoya disease (MMD), so as
to elucidate the possible pathogenesis of the disease. Methods MiRNA microarray was used to test the serum of 10 MMD
patients and 10 healthy controls to identify the miRNA profile. Some angiogenesis-associated miRNAs were validated by RT-
PCR. TargetScan software was used for prediction and the differential miRNAs were obtained. Furthermore, the key signal
pathways and miRNAs involved in MMD pathogenesis were analyzed by gene ontology and pathway analysis.
Results A genome-wide miRNA array revealed 50 up-regulated and 44 down-regulated miRNAs in the sera of MMD patients;
several important miRNA families and clusters were detected. RT-PCR assay confirmed that miRNA-106b, miRNA-130a and
miRNA-126 were significantly up-regulated and miRNA-125a-3p was significantly down-regulated in the serum of MMD
patients, suggesting the high reliability of miRNA array. Pathway analysis showed that the most enriched pathway was mTOR
signaling pathway, with 16 potential functional targets. Conclusion We have identified the serum miRNA signature in MMD
patients, and further analysis indicates that mTOR pathway-associated miRNAs might play an important role in MMD
pathogenesis.
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Ik — Bk g5 i JH 5% RNAs, MiRNA 9% ik B
FRAETE . © 9 H Sk 12 W o 1 V8 2 105 40 7 7 4 12
P miRNA-21, miRNA-155, miRNA-196a &
miRNA-210 T8 Uk 52 5 5 B b 983 AH OC | 78 98 i 9 AR
H KR RBKET RS, SRTRALNEY
FRICY AR I3 miRNAs 7] PAFE Ry —Fp A il 57
) TR 2R 45 0K 12 W AS R A9 B 9 . A BIF 98 R FH miR-
NA & F i 38 4 25 95 838 T P 22 5% 3R 3K 1) miR-
NAs, 7Ei# i miRNA RT-PCR %1 | i {4 45 5 7] 4%
PRI N 1T A W15 B 5 0 A, DA % 5 00 55
KA B A5 5 38 B S 5 AR S I miRNAs,

1 #EIMTTE

1.1 ®#F# %5 miRNA R 10 600 Z 0% B #H
DA 10 91 TF 5 % B il A 43 i W B T A AR OR
2R 2 BE A 28 SRR R R K A 55 s A rh B
504 5 AR 22~51 %, 1 (34, 40410, 29)
B IRA B 6 B A 4 B, R 25~37 2,7
(29.50+3.38) % , G4 PE I AR % 22 R T4 it
SC, IR AR ¥ UG ¥ 2 A R B R
HEBEAC I ZE B S d A, R A T R, B 07 A
HHC5 mL B KL, 7 30 min N B DB
(1 500X g& > 10 min, F 13 800 X g B.0> 15 min)
AT . 10 108 55 95 5835 F0 10 3] 1E 6 %6 BR Oy aff
5 R A )5 2847 miRNA Il %€, H TRIzol if 5
(Invitrogen, Carlsbad, CA) fifi il ¥& 25 ¥, 8k J5 H
Qiagen miRNeasy Mini Kit ( Qiagen,
CA) #4T RNA REF4lifl, H [F 95 AR %5 20 B v B
I FHREA AT RT-PCR Y miRNA BiE,

1.2 MiRNA AR H  RHZHERKHA 8X60K
FEDUS A R A M 24T 3 Ik Sr S5, FH 2 HES
2100 A4 Hr i (Agilent, Santa Clara, USA) f £F
BiE S RNA B85t B 6 M cDNA FlA Y %
IR cRNALRFH BTSSR MY A sg, it
LHEEAR G2565BA K& PR Fr A U 2R 48 & $E 48 FR AR
PR A AR B 45 5 . DL GeneSpring 12. 0 3K {4
ML A s B, 22 52 K38 miRNAs BIbRTE N 22 545
BRT 2 5.

1.3 %8 RT-PCR ¥4 H SYBR Green fll syn-
thetic C SZ B PCR € &= 4 #F H 8 miRNAs, Elegans
miRNA (cel-miRNA-39) FI FIIASRAEXT B 55k,
K A L A9 % /N RNA 3 3 ] miScript [I RT Kit
(Qiagen) 24 . cDNA, 2R J& . fff | Rotor-Gene 3000A

Valencia,

PCR #4752 0 PCR &l , PCR ™34 5207 19 1 ] 5|
Yoy ) A (5" # 3" 5) miRNA-106b; GCC CTA
AAG TGC TGA CAG TGC AGA T; miRNA-140-3p;
CCT ACC ACA GGG TAG AAC CAC GG; miRNA-
130a: CAG CAG TGC AAT GTT AAA AGG GCA
T; miRNA-126. GCC TCG TAC CGT GAG TAA
TAA TGC G; miRNA-125a-3p: ACA GGT GAG
GTT CTT GGG AGC C, # H K 19 5] ¥ H miScript
SYBR Green PCR Kit (Qiagen)$24t,

L4 AHEEF oM W ERBENRETF (Tar-
getScan , hitp://www. targetscan. org/) 1% B ) 11 &
B B3 W0 25 5 R 1K 1 miRNA $E 45, hy 0 1k 22
5 #IEM miRNA YW 76 D BE R # AR AS B 58 3 LT
LR R AT 12 422 5 RIBM miRNAs 251
FEM LR, VA ) ) RE R L R B 2 38 O I B R
AR R AT, W E R TR SRR T
B(DAVID , http://david. abee. nci ferf. goo/ ) VE T BE
PEIR B (P<C0. 05) , 58 BUEE AR 18 (GO) Fl # 43
Br (pathway analysis) T. B DR .

1.5 it Fa® R SPSS 11. 0 # 4 (SPSS,
Chicago, IL)#EAT X”‘ﬁgﬁ& Student’s ¢ f:5% ., Frfy
SR EE IR x s £oR . KK (o) 0. 05,

2 & B

2.1 MEREFH—HIAHA LA WE
IR A G — BN PR 9 k) L2 1, 0 55 905 4 RN BE 4 1
PRI AE AL LB RS Wi s An R B0 45 5 DL 36 2,

1 WVHAEFEERREN

Tab 1 Clinical data of 10 MMD patients
No. Presentation Iqitial CT or —SHZUki stage
MR image findings Right Left

1 IVH Right periventricular region 5 4
2 Infarction Left frontal white matter 3 2
3 TIA Lacunae 3 3
4 TIA Normal 3 2
5 TIA Normal 2 3
6 TIA Lacunae 3 4
7 Infarction Right temperal white matter 4 4
8 TIA Normal 3 2
9 IVH Subarachnoid haemorrhage 4 3
10 TIA Lacunae 1 2

MMD: Moyamoya disease; CT. Computerized tomo-
graphy; MR.: Magnetic resonance; IVH: Intraventricular

hemorrhage; TIA: Transient ischemic attack
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Tab 2 Results of blood gas analysis

of MMD patients and controls

n=10, x*ts

Variable MMD Control P

WBC (X10°, L1 7.73+£2.14 7.01+1.83 0.422
RBC (X102, L™ 1) 4.2240. 44 4.5040.74 0. 329
GLU ¢p/(mmol « L™')  5.25+0.65 4.9140.85 0.332
K" ¢g/(mmol « L) 4.06+0.19 4.41+0.83 0.212
Na® ep/(mmol « L™1) 142.0042.91  141.30+3. 96 0.657
ALT z5/(U -« L1 28.10+30.11  15.42+12.47  0.233
AST =2/(U - L7 13.25+18.56  17.61+9.68 0. 446
TBcp/(pmol « L1 10.25+3.75 .1043. 47 0.019
DB cp/(pmol « L™1) 3.80+1.67 92+1. 37 0. 205
TC ¢p/(mmol « L™1) 4,2740. 36 .20+0.78 0. 001
TG cp/(mmol « L™1) 0.8240. 31 9640.07 0.087
HDL 1.05+0. 21 03+0.09 0.797
LDL c/(mmol « L) 2.5440. 34 08+0.55 0.038

cp/(mmol * L b

N o= O W N O

MMD: Moyamoya disease; WBC: White blood cell; RBC:
Red blood cell; GLU: Glucose; ALT: Alanine aminotransferase;
AST . Aspartate transarninase; TB: Total bilirubin; DB; Direct
bilirubin; TC: Total cholesterol; TG: Triglyceride; HDL.
High-density lipoprotein; LDL: Low-density lipoprotein
2.2 MEREHRF mIRNA Fw A BT
miRNAs 754855 5 b 09 V5 FH AL, i o 2 RES R DU
BT WOIR A MIEFEA T miRNA #ikig, DL 545
BORT 2 A5 hn e, 45 R B 94 22 57 3K 3K 1) miR-
NAs, HH 50 4 miRNAs EJH (% 3), 44 ©~F
(RO, HUCFE B 25 T8 Mg &k & R B % )
AHOCH miRNA G5 FFl B IR 76 MMD 8 35 A6
B, W Let-7 J&#f (let-7a, let-7b, let-7c, let-7g, let-
71) \miRNA-17 R LI M miRNA-15/16 WERE,

2.3 RT-PCR % 4E fo % miRNA-106b, miRNA-
130a, miRNA-126, miRNA-125a-3p & i i i
Pubmed 48 (5 B AR T 456 2 5 A 80 K 5
Mg 5 A M58 A B C 1 miRNAs, 23 miRNA-
106b™ . miRNA-140-3p™ ., miRNA-130a""", miR-
NA-126""  miRNA-125a-3p"'2, 7E il 57 19 10 43 4
ZRAEAHT 10 41 %F BB A HE AT NI miRNAs B
E RT-PCR A, 4nE 1 Fros, 08 %5 s B3 I
1 miRNA-106b, miRNA-130a, miRNA-126 I i#
(P<<0.05), 1M miRNA-125a-3p F ¥4 (P<<0.05). H
b miRNAs B RT-PCR 55 UE % & (4/5) , 55 UF 25 S

F 3 HMEREBHEMEPRZE LA miRNAs

Tab 3 Up-regulated miRNAs in moyamoya disease patients

MiRNA Fold MiRNA Fold
MiRNA-106b 247.8 MiRNA-151-3p 32.3
MiRNA-140-3p 145.7 MiRNA-361-5p 32.3
MiRNA-320d 141. 3 MiRNA-1274b 29.6
MiRNA-29¢ 138.1 MiRNA-146a 28.7
MiRNA-126 138.0 MiRNA-103 28.5
MiRNA-142-3p 130.7 MiRNA-101 28.5
Let-7i 121.2 MiRNA-29a 26.7
MiRNA-320e 114.3 MiRNA-145 26.6
MiRNA-122 101.1 MiRNA-877 19.4
MiRNA-130a 98.5 MiRNA-144 16.9
MiRNA-19a 97.4 MiRNA-191 13.3
MiRNA-107 69. 4 MiRNA-19b 11.9
MiRNA-1290 67.0 MiRNA-451 9.3
MiRNA-15b 61.1 MiRNA-16 7.2
MiRNA-30a 58.0 MiRNA-320b 5.0
MiRNA-1183 55.9 MiRNA-25 4.6
MiRNA-15a 46. 6 MiRNA-22 4.5
MiRNA-185 41. MiRNA-21 3.5
MiRNA-338-3p 41.0 Let-7b 3.4
Let-7c¢ 40. 3 MiRNA-720 3.2
MiRNA-4286 39.1 MiRNA-26a 2.9
Let-7g 37.9 MiRNA-23a 2.7
MiRNA-483-3p 36.3 MiRNA-92a 2.5
Let-7a 34.1 MiRNA-486-5p 2.5
MiRNA-20a 33.8 MiRNA-30e 2.2

xR 4 WERBEMEDRIETIEB miRNAs

Tab 4 Down-regulated miRNAs in moyamoya disease patients

MiRNA Fold MiRNA Fold
MiRNA-3648 —207 MiRNA-2278 —30.9
MiRNA-125a-3p —133 MiRNA-3652 —27.8
MiRNA-4299 —124 MiRNA-3646 —26.8
MiRNA-1224-5p —97.8 MiRNA-1305 —24.7
MiRNA-3692 —81.6 MiRNA-595 —19.0
MiRNA-32 —81.5 MiRNA-30c-1 —16.7
MiRNA-3198 —76.9 MiRNA-769-3p —15.2
MiRNA-3156 —75.6 MiRNA-371-5p —5.2
MiRNA-1469 —72.6 MiRNA-4257 —3.9
MiRNA-1182 —71.9 MiRNA-3195 —3.95
MiRNA-557 —67.6 MiRNA-765 —3.0
MiRNA-1226 —59.8 MiRNA-3202 —2.8
MiRNA-601 —59.5 MiRNA-575 —2.8
MiRNA-3149 —59.3 MiRNA-3679-5p —2.8
MiRNA-4313 —57.8 MiRNA-1471 —2.4
MiRNA-3945 —53.6 MiRNA-4271 —2.4
MiRNA-202 —52.6 MiRNA-423-5p —2.3
MiRNA-3180-5p —51.1 MiRNA-483-5p —2.2
MiRNA-514b-5p —48.3 MiRNA-3188 —2.2
MiRNA-187 —47.1 MiRNA-574-5p —2.1
MiRNA-3605-5p —42.4 MiRNA-4298 —2.1
MiRNA-711 —35.1 MiRNA-197 —2.0
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2.4 ZF A miRNAWHESNEEAR HT
miRNAs 38 i 8 45 ¥ 3% A & 48 4E L, T — 20 w2 il

FE SR I8 miRNAs W AE DI fe S 8 N, 3 1 4%
5B bR I R S8 DL R S T AE D) e B AN, O %
1 9891~ AJ GEZ: 5 I 55 95 & s AIL il 19 S A 2 RE AT A,
Wt GO iAWy it 5 f8 78 1 3k 28 22 53 3R GR 1Y
M{E miRNAs 7EACH R MESH b E %, HF
AT TR AR R AR 5,

30 3r
O Control
75 mMMD ¥
g 20 F E 2F
g I5f E
kS kS
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1 RT-PCR BiE £ 7 R XK miRNAs
Fig 1 Validation of differential miRNAs by RT-PCR
MMD: Moyamoya disease. * P<C0. 05 vs control; n=10, =5
RS5 1989 NMEBERBAPHEZATHEYFETE
Tab 5 Top 10 biological processes
for 1 989 potential functional targets

Term Count P value
Protein amino acid phosphorylation 116 1. 00E—08
Phosphate metabolic process 150 1. 97E—07
Phosphorus metabolic process 150 1.97E—07
Regulation of transcription 338 4. 49E—07
Phosphorylation 125 1. 19E—06
Enzyme-linked receptor 65 1. 25E—06
protein signaling pathway
Transcription 278 1.61E—06
Cellular macromolecule catabolic process 112 7.95E—06
Response to peptide hormone stimulus 35 1. 18E—05
Response to insulin stimulus 26 1.81E—05

2.5 HAEHwk i PRAETEEN K
R 18 AN 9 {5 5 e 5 38 1% 5 8 5k PR A X B (3%
., BEBRERKKE mTOR G MK, BA

16 ﬁv&ﬁﬁjﬁﬁelﬁo I35 v i 22 i 0] 52K 1 L 20
e ERL 0 0t A8 A R 5 0 55 0 1 K e AL R A O
F0 5 R 4 )8 B A BE 9 (MMP-9) | B 4% 40 i #4 1k &
1 1(MCP-1) i & W A K R F (VEGE) | i/ i
PEPEAE K (PDGF) 1%, ik 6 41 fifg ] 7 7T LA 4%
22 AL B (O (MAPK) {5 5 Al VEGF {5 %

PEEE WX P H 5 mTOR 15 538 J A 2% V1 OCEL
K6 1IN EBEYRBSPREESHNERK
Tab 6 Enriched pathways

for 1 989 potential functional targets

Term Count P value
mTOR signaling pathway 16 8. 05E—05
Ubiquitin-mediated proteolysis 28 2. 47TE—04
Adherens junction 19 3. 14E—04
Endocytosis 33 7.26E—04
Focal adhesion 35 8. 35E—04
T cell receptor signaling pathway 22 0.001 419
Qocyte meiosis 21 0.004 158
Aldosterone-regulated sodium reabsorption 11 0. 004 868
Axon guidance 23 0. 006 051
Progesterone-mediated oocyte maturation 17 0.007 885
ErbB signaling pathway 17 0.008 822
Gap junction 17 0.010 962
Regulation of actin cytoskeleton 32 0.015 63
Biosynthesis of unsaturated fatty acids 7 0.015 886
TGF-B signaling pathway 16 0.019 483
Neurotrophin signaling pathway 20 0.029 869
Long-term depression 13 0.032 527
Insulin signaling pathway 21 0.036 219

3 4t it

KA BCHE 15 miRNAs 7] DLE N £ Fh
PEIR I AE ) A BR e A T A AR SR, B ROk 1k
TCAEE XM miRNAs 500555055 19 AH GG . A BF 5T
UK 4 LS R B R I R 25 0 AR I P
miRNAs BRI, 25 50 & B 94 4> 25 7 R IK M miR-
NAs, H:# miRNA-106b, miRNA-130a, miRNA-126
M miRNA-125a-3p JU N EH S K, K44 kA R iE
FH ARG 1 miRNA-126 AT /E K & k0 LR
FECAMD MW fE EE B AR ic W . 5 il R X IR 40 A
o, AMI BB & 9 90 01 1 2% miRNA-126 F I 5.0
WUALES 25 1 TCeTn DK B T m % P0A 6, A
3 TE B J& miRNA-125a, B 4 o 2 7K A1 3 & 78
PRAFSE , 4 0E B 5K PR 98 1 miRNA-125a 19 1
AL DL 5 b R A Y AR K ACVEGE-A) #
EFE4REAM 11 (MMP-11) By a0, Wik, A

5T A BLAY X 46 53 R K 9 miRNAs {H15 )5 2kt
GRUETN

55 995 L% miRNAs (1 B8 45 AL e ) 6e
HI AN B, Skog %' it i miRNAs #32 Hi ]
N R RS G % N2 i U S RV T N T Rl R i
ML A A RNA B — & i SRtk . nl g e o A ik
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LA P9 B 40 (HBMVEC) I & ¥ 4E . R RE L 4
0 BE LTS T 5 R IR miRNAs 7] G838 1 1
PN B 20 LR Y 0 5 e A DG B EE B AR,

H R O 25 05 15 5 e 3 B A O F oY . A BF
FEE I AEYAE BB, R A T T BE 5 0 25 0 A
K55 S, o mTOR {5 538 6 HAH A5
XKF., BH mTOR {55 K ot 2 g & % &
L (SR I CTIE o 1= A o 11 DB = 2| K = A B S
A mTOR 15 530 5 2K 16 o 25 100 i) P9 Rz B 28 F o 7
Bras . B, mTOR {5 5 38 P& 7 40 55 9 i £ 6l
IRARIE

g5 LT IR A 5E 3R WA 5505 A8 1LV Y miR-
NAs A B i 22 53 %38, H i miRNA-106b, miRNA-
130a,miRNA-126 K miRNA-125a-3p {15 & 7 ;

AW AE B A A AT TR A T T R A 55 A G Y
55 K, Hdh mTOR 1558 #EG A0,

4 FEEHR
JIT A3 A 25 P AR SO B AR A R 4 e 58
[Z % X #t]
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