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[Abstract] Objective: This study aims to detect the differential expression profile of platelet miRNAs (miRNA ) in patients with
coronary artery disease (CAD)and clopidogrel low response (CLR). Methods: A total of 78 CAD patients with clopidogrel treatment
(loading dose 300 mg and maintenance dose 75 mg/d) at least 5 days were consecutively enrolled. Adenosine diphosphate (ADP)
induced platelet aggregation (PLyy) was tested by light transmittance aggregation (LTA). Nineteen patients whose PLADP were at
upper quartile were defined as CLR group, while another nineteen patients at lower quartile were selected as control. The total RNA of
leukocyte depleted platelet (LDP) were extracted from each of the selected patients, and the extracted total RNA from the two groups
were mixed into two RNA pools respectively. After two RNA pools were qualified by RNA denaturation electrophoresis , the differential
expression profiles of platelet miRNAs were screened by high -throughput sequencing. The target gene predicting software including
TargetScan, miRanda, PITA and miRWalk were adopted to explore the miRNAs that modulate the key protein in the process of platelet

aggregation. Results: Baseline clinical characteristics of the two groups showed no significant difference. The PLADP level of the CLR
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group was significantly higher than that of the control group (P < 0.000 1). The total RNA pools of the two groups were detected by
RNA denaturation electrophoresis and no significant degradation was found. 95 platelet miRNAs were differently expressed by high-
throughput sequencing between the two groups , among which 20 miRNAs (hsa-miR-300, hsa-miR-151b, hsa-miR-1299, et al) were 2-
fold down-regulated in CLR patients, and 8 miRNAs (hsa-miR-188-5p . hsa-miR-6874-3p  hsa-miR-218-5p ,hsa-miR-3150b-3p . hsa-
miR-1288-3p . hsa-miR-1299  hsa-miR-6862-5p . hsa-miR-4421) were identified by at least two target gene predicting software as
having regulatory effects on key proteins associated with platelet aggregation. Conclusion: There is a significant downregulation of

platelet miRNAs in CLR patients. We successfully screen 8 miRNAs that could modulate the key protein in the process of platelet

aggregation ,which is warrant to be investigated in future study.
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it CLR M2 I /MR miRNA 3k 1922 5, BT-%t 1l
IINHR ZRAE AR 11 (P2Y 3244\ Gi2od 1 | ML/ MR
H Db/ M as24K) a] GEA W24 FH Y miRNA, 94>
BT R T ST AR .
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A AT o HEBRAR I : SR B i B sl 5235 5
@) e i1 JXUBS: £ 3 (A i/ TR <80 10°/L 16 3
PRI AR M s 45 ) s @ TR ARk
ARE AT BET-PE S NAS [ AN 41 {538 P450 3A (cyto-
chrome P450 3A, CYP3A) 41 i 5 5 CYP3A 5 3 71
S U/ MRIT RN 25 . ARWFSECAE clinicaltrials.
gov MM, ID 5 : NCT02447809 .

NG 2 1 /s M 3R 4R L (light transmittance ag-
gregometry, LTA ;540VS, Chronolog A ] , 3£ ) , 4= H
B ML (XS-5001, Sysmex 23 7, HAR) , 8 i
L (Centrifuge 5810 R) ¥ #6 (Eppendorf 23 ]
TR, KBS 5 FERL#E (Chronolog 24 F) , JE ) , Ui
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LA G By A BRA T, 25 8 ¥ /K il /K 3 2% (Mer-
ck Millipore 28 7] , f5 [ ) , B, 7K 1L (Bio-Rad 23 ) , 3¢
B, B R R G (g RERHE A IRA T, Agi-
lent 2200TapeStation (Agilent Technologies 2\ Fl , 3¢
), Qubit 2.0 (Life Technologies 23 Fl , 3£ [ ) , Hiseq
2500 (Tllumina 23 7 , SE [ , 5 R = 2 0L
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B (ML RS TEARARAHE) , # KL (SANYO
NFl, HAS)  lumina Hiseq 2500 M FAY (Tumina 2
AL LD,

TRIzol (Invitrogen N, FEE), mirVana™ miR-
NA Isolation Kit (Life Technologies 2% ] , 32 [& ) ,
CD45 MicroBeads, human (Miltenyi Biotec NE=I I -
[E ), Small RNA Sample Prep Kit (IMumina 2> & , 3
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E), &R EE R 5 wmol/L #Y ADP (Chronolog /A A , 55
), SRR ERIR DK (1 T Al 2GR A
BRAF) , & eV L2 BRAR B . MOPS | PBS #; 3
(A NE Biosharp 23 /) ) , MR B4 (74 Bl AL TR A PR
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(LA MR ACRHAT IR A ) ) L 5 mL AR 1 :
9 HLEEM RN (BD 23w, 3 [E ), CDA5 Hi 4k LD 7%
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PAPUEEE RN ER KIS 8 mL, I TARACRAE G 2 h
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T AEE R T ARERAE R ARAS L 200 g B0 8 min,
FE VAR 22 1% il B0 J5 AR AS (Y E 5 TR DA SR B
I/ L (platelet rich plasma, PRP) 5 F 4= FH gL
WA AR TN PRP H f) 1L /N4 K I PRP 5
T A IMFE IR T LA 2 460 g B.0> 10 min, FHRS A6
G A8 i B B AR 1 b3 TR LA R BT it /N AR I
(platelet poor plasma, PPP) ; F§ PPP 1E h % F¢ W1
PRP H I/ MR LA B 22 250%10°/L (4N PRP Y
IR BELE 250x10°/L LUR , I JE 7 A6 88 ) ; 1] PRP
A 2.5 WLZYKIE R S wmol/L 1Y ADP, Tl %E 8 min
IR M MR
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UL | S 2 T Oy A AS 1Y L RNA % T 20 pl
JC RNase [ 1Y) DEPC 7K 1'% -80 CUKFf it 7. il
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J¢260 nm/280 nm [ SEEE (OD) HUAR, B A A4~
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L 25 L, K GO AR F AP S I 2 RGT R 2 AR Y
RNA 70 53R 4 24 RNA #4331 A 2 41 RNA fth rp
HBURNAEA 1.5 g, # BEAHRBAC EL A 10xMOPS  H
M IR TR AT, 1 %3N BhsE e 1 AR L Ik
1.2.3 A ST 6 M 3 2o A

FEGIFEAN 1.5 ng B RNA 1T 15% bR 2 B N 1
Tk BB e L Uk, FEL DK S X 18~32 nt Fr BGHAT I Bk
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lumina, JE[E)FE/NRNA SO, 4ifbf5H/NRNA JF7
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FE53 A, WAL FIW /N RNA i o SR mirdeep2 #044:
PR/ RNA 791 5 52 SE R A AT UXE 404, B
P VCEC F 414351 5 GenBank 1 Rfam 10.0 ZU {8 /4 3t
AR EL, 0 38 tH miRNA P8I0 2 R, o b He g
1.2.5 miRNA £ F &k 547

FEAEA T Y miRNA Rk G AR ifEL A TPM (tags
per million) , W F EdgeR {4 XF 2 X 4 74 £ 1 miR-
NA Fik 2R tgiit. #2204t {i=2 A
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£ K =Log, (S MLAS B (% S 2 miRNA #rifEfb i) %
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13 %t uE

THE FORLZ IE SR IR AT G B i E R
Brabpife 2 (v + ) FoR , AL VORI He SR 2k
SEREAS ) ¢ K5 s AN PF A IE S E A P B
V4 LB LM (Pas, Prs) 1367, 2HIR] LEFCR HTAE S AL
o 56 )RR RIS B 5 THECUERE LA A R 3RO THER
R BER A B0 58 Fisher” s KEAAAS 6 . Fr A %X
PR FH SPSS 20.0 Be it b B, P < 0.05 W 2= R A 5
IES-9'8

2 & R
2.1 BARAZTAHZEE 54N
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T H /R miRNA 23K 35 19 22 5, 4 PLaw < 19.5%
M 19 (1] 5B B R 6T B . 2 A I DR R
MEAL AR AR PR AR E 8 8 e RS W BT s &
G Tog T 225 (R 1) . PHBF R
SOT 1) A A A S A AL S 2 A M2 AT AL IR
RA N AR IR 5 10053 85 TR TG 3
Gt s (k2),
2.2 AEFTHAa] a9 de MR G2 R

SANH AR TR AR S 07 4 A X R 2 ) P 23 51 K
54.8%+5.3% vs. 13.3%+4.4% , A EG 2 2 7
(P<0.000 1, 1),
2.3 e ARE RNA 6 M 0k

2% Nanodrop 73 G EE TSI, St 7 IS g2
AL/, RNA it OD {4 2.0, W6 BE R 30.3 ng/pLo
Xif R 14 1 /NBR B RNA b OD EUAE R 1.9, WK
41.8 ng/pwLo M RNA AP H1 K B 0T LU H I/ Al
AL RNA 1 miRNA F3 A5 DX 2577 T8 T, Jo W] ik [ A
(K2),
24 A E fo B miRNA Kk # £ 7

3 Ao v N A R AR B AT 95 i/ AR
miRNA ik FAF7E I 3522 5, o B 3Pk Y
22 AT R H LB 20 137 19 miRNA K U J2: hsa-
miR-300,hsa-miR-151b  hsa-miR-1299  hsa-miR-16-
1-3p.hsa-miR-3150b-3p . hsa-miR-548am-3p . hsa-
miR-1260a. hsa-let-7f-2-3p . hsa-miR-4755-3p . hsa-
miR-3144-3p . hsa-miR-5004-3p . hsa-miR-6862-5p .
hsa-miR-1288-3p .hsa-miR-4661-5p . hsa-miR-4479

x1 BEIGKRELRFE
Table 1 Baseline clinical characteristics of the patients

RN XHRA

H (n=19) (n=19)

R (R 61.7+13.4 59.4+10.2 0.562
Z(n(%) ] 5(26.3)  3(15.8) 0.693
BMI(kg/m?) 257+3.6 244+22 0.182
IR (n(%) ]

LAY 5(26.3)  6(31.6) 1.000
AFE RSO 7(36.8)  8(42.1) 1.000
FasE RS 7(36.8)  5(26.3) 0.728
fR L 12(63.2)  13(68.4) 1.000
Wi PRI 4(21.1)  8(42.1) 0.295
REAE L [n(%) ]

W2 A 9(47.4)  5(26.3) 0313
el 6(31.6)  5(26.3) 1.000
TR L IREAAR[0(%) ] 13(68.4)  16(84.2) 0.447
HIFHZ (%) ]

T ZE A5 7(36.8)  5(26.3) 0.728

[NES 19(100.0) 19(100.0) 1.000

BAZ AR 1) 9(47.4)  7(36.8) 0.743
ACEI/ARB 7(36.8) 6(31.6) 1.000
fEAR RS 12(63.2)  17(89.5) 0.124
LT Wil 6(31.6)  9(47.4) 0.508
PR 2(10.5) 1(5.3)  1.000

hsa-miR-4421 . hsa-miR-6788-3p . hsa-miR-188-5p.
hsa-miR-6874-3p .hsa-miR-218-5p(#3),
2.5 ¥ EFAR

3 o B PR A0 2K 7F TargetScan . miRanda , P1-

x2 BECERBEKELIER

Table 2 Biochemical indexes of the patients during hospitalization

i H RSN 2H (n=19) XI IR (n=19) Py
S i 53 % (% ) 61.5+7.4 62.3 6.1 0.734
ZEEEFRAIANZ (mm) 483 £53 47.1+£3.8 0.522
LA (10%/L) 4.44 +0.43 4.58 +0.47 0.339
F4AE(10°/L) 68+1.6 7319 0.368
1M (10°7L1) 1932 +47.8 221.6 £ 90.1 0.234
MR FEFR 0.20 + 0.05 0.24 + 0.09 0.168
TN FR (L) 108 £1.2 10412 0.331
I/ INBR 4341 5 B (L) 13.9+23 127 +2.4 0.128
ML (g/L) 134.0 £ 13.5 139.4 + 13.6 0.225
S B B (mmol/L) [ M(Pas, Prs) ] 1.6(1.1,2.2) 1.7(1.0,2.4) 0.939
{R%% 2 g 25 1 (mmol/L) 2.47 £0.96 2.85 £0.90 0.224
AILEF (mmol/L) 69.3 + 14.2 68.8 + 18.1 0.931
JRZ A (mmol/L) 50£12 59+19 0.094
WRIREHE %I (U/L) 49.4 + 473 43.8 £42.2 0.700
RINARAIRAFEFERETE (U/L) LM (Pas, Pss) | 22.2(17.3,36.4) 24.0(17.5,30.0) 0.737
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Figure 1 Platelet aggregation in the two groups
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Figure 2 Denaturation electrophoresis of platelet total
RNA

TA Ml miRWalk Xt b & 54 T 2 245402
P& DU 20 32 miRNA {58 L PR AT F5000 , - DA e
i £ 2 /Dl 2 A4S R ) A P % i I 2R
B I (P2Y 12 524K (Gi2odE 1 | L/ DMROBE R
11 b/ M a Z4K) AT REAT JA424F F A miRNA ; 45 51 & 31
1L/ miRNAs H1 Y hsa-miR-188-5p .hsa-miR-6874-
3p X P2Y 12 SZAALEA 235 AT RE AT VAN E s hsa-
miR-218-5p . hsa-miR-3150b-3p . hsa-miR-1288-3p.
hsa-miR-1299 . hsa-miR-6862-5p X} Gi2a £ FH F& A 1)
FIR 0T i LA VR P4 FH s hsa-miR-6862-5p \hsa-miR-
188-5p .hsa-miR-4421 %F Ifil /M 1 M a 52 AR LA
28 Al BE B AR s X T /MR E T D
SEVR 45 R S I ) IR 2 /0 gl 24 R PRS0
BTN 2B 525 miRNA (e 4) o

3 it it

FURIT , B =] DUAR S SRt A% 7 BUBR BT ML/ MR 7

PIZ T ACS BE N B 1 ADP &2 1K
FEBUA AR B 1, AR T TEAR I =T75 % I B4 1R
HVEIIREAS A /NIRRT SRR ACS BB E
H i S S e 4 B S & BTE IR FH UL A 7
L A T CLR & 4E#6>20% ", H CLR 3%
A= A R e o F9E B CLR 5 4 i
{61,2% P450 2C19(cytochrome P450 2C19,CYP2C19) %
PRI Z2 2850 R PR W IEJHE B D REAN 4 L e
ARG | LR IR S5 22 M R R ARG H e PR AR 5 26
B R R A AT i B 249 129 1) AR S g 25 5%, R 1)

®3 KT 2EERE TR miRNA (7720 £L)
Table 3 2-fold down-regulated miRNAs (top 20)
5 DUBAT 20 17 T P8 miRNA - log,(fold change)l  P{H

hsa-miR-300 1.39 <0.001
hsa-miR-151b 1.30 <0.001
hsa-miR-1299 1.82 <0.001
hsa-miR-16-1-3p 1.35 0.010
hsa-miR-3150b-3p 1.97 0.001
hsa-miR-548am-3p 2.18 0.002
hsa-miR-1260a 1.68 0.012
hsa-let-7{-2-3p 13.60 0.000
hsa-miR-4755-3p 1.16 0.046
hsa-miR-3144-3p 1.63 0.017
hsa-miR-5004-3p 1.32 0.017
hsa-miR-6862-5p 1.49 0.049
hsa-miR-1288-3p 13.40 <0.001
hsa-miR-4661-5p 13.32 <0.001
hsa-miR-4479 13.28 <0.001
hsa-miR-4421 13.11 <0.001
hsa-miR-6788-3p 12.98 <0.001
hsa-miR-188-5p 12.97 <0.001
hsa-miR-6874-3p 12.93 <0.001
hsa-miR-218-5p 1.33 0.001

4 M/NEmiRNA $E E

Table 4 Target gene prediction of platelet miRNA
ADP i i i ) S HE A7 TR I,/ miRNA
P2Y12 524k hsa-miR-188-5p
hsa-miR-6874-3p
hsa-miR-218-5p
hsa-miR-3150b-3p
hsa-miR-1288-3p
hsa-miR-1299
hsa-miR-6862-5p
hsa-miR-6862-5p
hsa-miR-188-5p
hsa-miR-4421

Gi2aEM

iR a2 44
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Chen 25" % B i R X BEAH L, S AR G
ez /MR IATT (B F) DCARIDE A SRR B ol B
B 18 S VG VA ) 1) S 3 TP miR-365-3p KA KT 5
P INRIG ST B NP AR 5E 5 Chen S A5 i Azl il
T ORI R B 11 TS I/ AR N Ok VT ft
FREXT B 54 AR Y7 ARG 760 9 S8 8 X S LA 7 Y
FNi M, % B miRNA -26a 5 G200 4% 25 1% 52 0 M A
K Nagalla 26 & BUAE L/ MR 5 S 055 0E R0
FIFRE N PG 74 Rl /M miRNA A7 7E 287K P19
#Z5 I &P miR-200b . miR-495 Al miR-107 7] i3
B S PETR 4 B mRINA R V845 1/ N A 1 2
FIZeIR . BRIAEXS 42 I/ miRNA $2HUT %
/N REAG I 5 6 miRNA 5 05 3k S5 A7 E 22
5, FIROARTRIWEZE 058 00 5 /)N sz A O 1
MMM miRNA A RARE

AHIFSE 8 S A A — o R RS T A
PRI he B SER WA N0 = 2P/ Ere:s
ATE 38| CAD FE S, GANEAS P (R S 0 41 5 %) FR 2
BH I PRILE R E 5 A (b P bR 38 0 B 35 i e i
2ESt . QRBUT S RE R = A Al Ak i /R
J& , BEELAY I/ MR miRNA X 25 Nanodrop 436G EE T
R AR PE R P T A o SR FH 16 Lk ik i /)N AR ) g
I T A S b 2 Bl A DIP 38 T8 A R KRR
H i i/ R A2 D BEASI 9 A bR, 2 [ B
AH SRR E AR ik 2 — . POPULAR HF5E
He 38 TG He ki | VerifyNow P2Y12, Plateletworks |
IMPACT-R .PFA-100. 24 2 PFA P2Y 3t 6 /Mg
IREARL I J5 i , 25 37, ol b v 2 X i R 28 55,
A TR A Y 3 R /MR DhRERI ik 2 — . @
FEHUAY Mumina HiSeq 2500 I - 5 2 — AT g om
TR R T )T R G, T ARAS s I R, 2 H oA
e 3 ) P U S AR vk —

5 X RREAH L, CLR 85 T A 95 Rl /Mt miR-
NA FRik D AFEAE i 25 25 55 30 o e o) 800 356 R 93 0 6K
4 TargetScan ,miRanda . PITA F1 miRWalk, i % it T
2 /gl 2 A8 35 PRI I A A 00 e i/ 2R A O it
HH(P2Y12 Z 4K Gi2atE [ | Ml /M 2R H 11b/11a
ZAK) AT REA VR 09 miRNA . 7F 1% 28 miRNA
th, B A BFSEIESE miR-218-5p S EE I T AEAH X, {H
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