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[ ABSTRACT] Aim To investigate the changes of plasma miR-765 level and its target gene function in patients with
coronary heart disease (CHD) and type 2 diabetes mellitus (T2DM), and to explore the clinical significance of plasma
miR-765 as a potential biomarker of CHD combined with T2DM. Methods 56 patients with CHD diagnosed by coro-
nary angiography were collected.  According to whether T2DM was combined or not, the patients were divided into two
groups; simple CHD group ( CHD group, 33 cases), CHD combined with T2DM group ( CHD+T2DM group, 23 cases).
Another 30 cases with negative results of coronary angiography were selected as control group.  Gensini scoring system was
used to evaluate the degree of coronary artery stenosis.  Plasma miR-765 levels were detected by quantitative real-time
PCR. Bioinformatics analysis was used to predict the target genes of miR-765, and target genes Gene Ontology ( GO)
function annotation and coding protein-protein interaction ( PPI) network construction were carried out. Results

Compared with the CHD group, Gensini score was significantly higher in the CHD+T2DM group.  Compared with the con-
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trol group, the plasma miR-765 level of CHD group was significantly higher ( P<0.05) ; compared with the CHD group,
the plasma miR-765 level of CHD+T2DM group was significantly higher (P<0.05). A total of 30 potential target genes
were obtained by bioinformatics analysis of target genes.  The results of classification analysis of biological function, mo-
lecular function and cell composition showed that miR-765 was involved in the regulation of cell morphogenesis and chemo-
taxis, inflammation, immunity, homeostasis and transport, and protein amino acid phosphorylation, suggesting that miR-765
might regulate chemokine signaling pathway, calcium signaling pathway and phosphatidylinositol signaling pathway.  Further
PPI network analysis showed that there were complex interactions among the proteins encoded by miR-765 target gene.

Conclusion Plasma miR-765 level is significantly increased in CHD patients with T2DM.  Plasma miR-765 is a potential

clinical diagnostic biomarker in CHD patients with T2DM, which has high diagnostic value for CHD combined with T2DM.
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55079 ( coronary heart disease, CHD ) 4& i Z F
FE R R 5 & B4 7™ o W A 2 A i fe B ) B RO
gt 2 U PR (type 2 diabetes mellitus, T2DM )
SO0 I A8 9 1 kST S B PR R 2 — il CHD &
T2DM B 1 EEIETRE Y . CHD & Jf T2DM
SR PR A Ay B ) a2 ) O R 22— , LI R IR
ZRBRY IR G HAE 2 H 2 2%, 2R o, & %
FRPER U i 2 T alifli IR i 8 iR 2, 5
gl CHD %, CHD & 3 T2DM i & 5 4R 2 ik 7%
1B AR e 1z

/)N RNA ( microRNA ,miRNA , miR) J&—2£ 9 ~
25 MK B A IR /N T-AE St RNA 7R PR
I SO IS R BRI 1 AR R TR v LA Tz i A
BAEFST AAR SR, A A 5T 48 7 AN [R) (1 2 A
PLARA R R 48 (A2 | /MR %) miRNA
FERWE KRR A R AR o 3R R
miRNA IR S0 50 30k 5.0 A BRHR M & 4k
JEBIAE 4R IEFF miRNA FTAE Jy.Oo I 45 955 e
PRI 367 B UG Wi i A= dr s

W I ER miR-765 75 74K 3 Jik 6 A% i 4k
(T e i rp K 4G R AR A, b i 2 miR-
765 W] fiE S CHD 307 9 AU 70 (] 7157 A
WFSE M3 miR-765 1£ CHD JiH & CHD 4 3 T2DM
KRR 1) KT A8 Ak B O R 3 S0, W B T O A
CHD A Jf T2DM A& i K -1 Re 1206 £ Wi bn
B, AW BRI CHD ,CHD A3 T2DM
HE M P E PR miR-765 /K FEAR ML Je 22 53, PFAR I
4% miR-765 /KF5 CHD K& CHD & Jf T2DM fY %
F P EAT miR-765 #EIE D T5I K ShBE S A, A
1M im PR CHD J2 CHD 5 3 T2DM &35 B 1% PEA
2 WHRYT SR AR 1 iR 18 S RIS AR

1 #ERFAE

1.1 XA 5EE
Trizol ( Invitrogen /A & ) ; Mir-X"™ miRNA First-

Strand Synthesis i 7| & ( Clontech 7 7] ) ; SYBR Pri-
meScript’ RT ( Perfect Real Time) i 7| & % RNase-
Free ddH,0(TaKaRa A 3] ) ; T K 28 417 .57 W B
(b T AR R A3 A3 0 &R E
F= 4 45 5 5, CFX96 Touch 2 B} 7% % & & PCR
U ( Bio-Rad 2 7 ); 4 & & & #l ( Eppendorf
Centrifuge 5804R ) ; %t fix & % # 4 ( Bio-Rad Gel
DocXR) ; ND-1000 & % 4 W 4 # K & i1 ( Nano-
Drop /A &) ;—80 °C # 1% I# 7 4 ( Thermo Scientific A
). BTRW Kk EP % (Axygen A7) %4 0.1% &
BB CERE24h E, 121 CHE®RXH,
45 CH:F 4 H . miR-765 #y Z 3 RT 5l 4 fn £ T
75 41 i Invitrogen A F AR (F 1),

®1. 5|¥F5

Table 1. Primer sequence

i H BlL7E2)

, N 5'-CTCAACTGGTGTCGTGGAGTCGG
miR-765 2536 RT 5190\ rCAGTTGCATCACCTT-3"

5'-ACACTCCAGCTGGGTGGAGGAGA
AGG-3’

5'-CTCAACTGGTGTCGTGGA-3’

5'-GTCGTATCCAGTGCAGGGTCCGA
GGTATTCGCACTGGATACGACAAAA
TATGGAAC-3'

5'-TGCGGGTGCTCGCTTCGGCAGC-3’
5'-CCAGTGCAGGGTCCGAGGT-3'

miR-765 L5149
miR-765 T 514

U6 Z£3F RT 519

U6 L5149
U6 514

1.2 HARMFERHE
RAREREAEZ R 20, A N AF
HEBORSMEN, EZmERESH, BMEKX
WEAT AR B ik B R B B3 65 ], B & 56 ] CHD
BYEFH I REARIKERER AHR L
BN &R % Wi AR v A (1) %46 CHD 41 (CHD
H)33 0, ERDMEZERETED | TERF
ik & fE B 2B >50% ; (2) CHD 4 3 T2DM 4
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(CHD+T2DM 41) ,23 ] , @Rk sh ikt W45 R B &
D1 KRR Bk I B AR >50% , LKA 2010
F(FE 2 AR AR E ) Y ET 8 T2DM, 7 %
MEA30 P, FAHERBMN, 2% AR ELFE,
AR i &R A, HRARE. R RR &
JeMERM FRIRKRR FE i T2 B &7 fkk
SR o N7 N

1.3 IR F R E R A L 2 HE iR

BRI Z I R, #AZREZHE
FE#H M 2 mL,4 °C 3 000 r/min &% 15 min, 2
B b2 )5 Bk 4°C 12 000 r/min B % 10 min
J& , BT gk ofn 2% AF K 4% F & RNAase/DNAase By EP
BN,-80 CkARFRAM, MK R AN
FAeir, I B AT O A A R E R,

1.4 BRIEKFERETEN

AR B kOR & Bk E AR E K F Gensini 3 4R VE .
WAERE <25% 4 1 4,26% ~50% 37 2 4,51% ~
75% H 4 7,76% ~90% K 8 7,91% ~99% 7 16
2,100% K 32 4, AR A& EFE R ILWHRL
z A,

1.5 I3 miR-765 7K F &

A1 300 L 3, 4% Trizol LS 7] &34 1
A B 77 3 FR B E RNA, 3F H {# | NanoDrop 1000
I % RNA 890K Z R Ay o/ Ango . FI BT AT R X
RNA # i &, B Mir-X"™ miRNA First-Strand Syn-
thesis and SYBR® ¢RT-PCR i 7| & 7 Z #f ( Stem-
loop) RT 5| #1 %] % ¢DNA, L U6 % W %, Stem-loop
qRT-PCR # 1| 1 % miR-765 & F, ¥ # & 1 4 95
CHA 10 min,95 CR IS 5,60 CE M 30 5,72
CHEAM 10 s, EFHAT 39 MEIR,72 CHEM 2 min J7,
60 CZ| 95 C &l Mt %, N 272 it &
miR-765 XF, F B EL 3 K,

1.6 FEEFEHITNE Gene Ontology (GO ) 73

5 A 7 % % miRBase (http://www. mirbase.
org/) %X 7 miR-765 # &K f5 &, TargetScan 7. 1
(http://www. target scan. org/) 7£ % 3t 4T %2 £ B M
M, 45 R # % miRTarBase ( http ://mirtarbase. mbc.
nctu. edu. tw/) 5 B 30F 52 #y B2 2L K] 3E ATt xT, 0 46 &
#wH R, @t DAVID # F #4E & (http://david.
nciferf. gov/) *t ¥ 3£ H & 4 % i & ( biological
process, BP) Fa i F ot (' molecular function, MF') Rl
TGO EBRER KRG 4N ZE LT, U
P<0.01 H BEFHEE, 2 BRI TEREEAR
EEXE AR ER,

1.7 $EMFER KEGG &R 347

FIF KEGG %4 B 4 #y Pathway F 3 4% £ (ht-
tp://www. genome. j/kegg/pathway. html) % & Al 4%
etk miRNA W 2 EWATEEH AR S
B 47, i it Fisher Exact Test it & P 1H, Ml P<
0.05 # RFMEME KFHATEREARUH*E
XWERELFETHTEE,
1.8 PPl W&tz

BT TN By B L E % O\ String 2 3 & (http://
www. string-db. org/) #AT & A LE TN, 7 H B AF
KANX N RBREEIE S RDE A M E A
F 1E F| ( protein-protein interaction, PPT) ¥ 4 [ |
1.9 SZitZEHHh

Pt 445 K A SPSS 16. 0 48t 8k 1 $EAT 2047,
FH AEMFTATFRIERA vxs X7, UL I
BRESEEF Z 08, WA XA SNK-¢ £ 5,
L P<0.05 H 7 H St FE X,

2 # B

2.1 HRXMKRIGKRE LS

2520 ) AR % PR I PR BT A 48 21 (body mass
index , BMI) | & 45 J% ( systolic blood pressure, SBP) |
JBHEEE (total cholesterol, TC) 8 %8 A 25 A AH [
I (low density lipoprotein cholesterol, LDLC ) Fl 5 %
JE g £ FH AR [E 5 (high density lipoprotein cholesterol ,
HDLC) 257 AT AR L (P>0.05) . SXF 4]
1 CHD 20 Fe# , CHD+T2DM 4 £ 35 (I A s &7 5K
H (diastolic blood pressure, DBP) | %5 f& il ## ( fasting
plasma glucose, FPG) &5 2 h IfilL## (2 hour post-
prandial plasma glucose,2hPPG) | H il =5 ( triglyc-
eride , TG ) FIHHAL IMLZ1 2 H ( glycosylated hemoglobin
Al,HbAlc) K43 8. 35 Tt (P<0. 05 ) 5 5% i 20
LA, CHD ZH A W EL 45 A DBP K SF- 35 T i
FPG 2hPPG /K- JEH 421k ; 15 CHD Z1 L, CHD
+T2DM 4 Gensini 743 i 1 75, #27% CHD+T2DM
eI B BiCR AE R EE G CHD 418 ™ & (% 2) .
2.2 % miR-765 KFHIEK

M Stem-loop qRT-PCR £ ] £% 2 1fiL % miR-
765 K-, SRR, S5X AL CHD 41 He#, CHD
+T2DM 4 [fl. 3% miR-765 7K F i & JH 75 (P<0.05) ;
X5 BRZH LA, CHD ZH 1ML miR-765 /K- i 35 T &
(P<0.05) . #7813 miR-765 7K 5 AR 2l ik s
AR YIARSE L L CHD+T2DM 41 ifi 2% miR-765 7K
P (E 1),
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Table 2. Comparison of clinical data in each group

5iH Xf 2R CHD 41 CHD+T2DM 41
(n=30) (n=33) (n=23)
B4/ 1) 16/14 17/16 11/12
AW % 58.3x7.5 59.8+6.7  61.8%8.2
WS/ [ F(%)] 6(20.0)  11(33.3)"  13(56.5)"
BMI/ (kg/m?*) 25.2+2.7 25.6%3.0  25.8%2.9
TG/ ( mmol/L) 1.420.6  1.6+1.2  2.0+1.5"
TC/( mmol/L) 4.2+0.7  4.1£0.8 4.320.9
LDLC/(mmol/L)  2.4+0.8  2.5+1.0 2.6+1.1
HDLC/ ( mmol/L) 1.0+0.2 1.1+0.3 1.1+0.3
FPG/( mmol/L) 5.5¢0.8  5.6%1.1 8.5+3.2%
2hPPG/(mmol/L)  7.7+1.2  8.3%2.2  12.9+5.4"
SBP/mmHg 129.8+12.6 130.5+13.4 133.6+14.3
DBP/mmHg 76.8+8.5 80.8+7.5" 82.4x9.8"
HbAlc/% 5.950.6  6.0+0.7 8.9+1.1%
Gensini PF-43/ 43 0 48.5+9.2°  65.7+9.8"

H:a A P<0.05, 55T IE4LHLEE ;b o P<0.05,55 CHD 414,
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Figure 1. Plasma miR-765 levels in each group

2.3 miR-765 BBERETN, GO £ F I REERH
ES@EHITH

)i TargetScan 7. 1 FEZL il miR-765 AL,
I HZ5 328 miRTarBase 048 14 (25048 FEFE I E
WUESE Y miRNA By UTEEE IR ) HoXS, HE5R A4S miR-
765 HUfEIEFE B 30 A~ (3 3) , 1d T3 I PR )
P HERRY . E—2, N DAVID #1 Gene Ontology
(GO) B8 i Xt BT 3K miR-765 1 1 ¥ 3 K 4T GO
AW DI REE R SR T A R B, WA )
RER (18 2A) ,miR-765 HLEEIH £ H 2 54U IE A&
AL bR R BT 5SS A 2T A R E Lo
A, A 5 B AR S S A s RAE R
Yo SO e 2 1 Jo ik PR e R A ) 9 5 5 I 232

fEH (I 2B) ,miR-765 #IE DK BEAE 8 12 40 it J 0] 2K
RIS 2R O 22 SR 7 2 R 2R A U L B AR
T UL il 3% 14 R 4 2R 2 1 DA B Ak R R
ZA AT ZH RCA (1 2C) , miR-765 L 35& [K 6
R AT | 2 fish /N A A% S I I | e TS /N o R
FARSE W8 KEGG 15 5 3 B% 7 A 45 2R R (&
2D) ,miR-765 ARG 545 Sl ik R 2w 4L T Hafk
550 % 855 582 BHIRBENLE G 5 R4
RS BREE SRR miR-765 1] B2 5 B IR R
MRS KA R SR i B #E R AE RN | H 3% IR
K ARG R E AR E R

3 3. TargetScan 7.1 #0 miRTarBase Fiilll miR-765 AI50E[E
Table 3. Target genes of miR-765 predicted by
TargetScan7.1 and miRTarBase
B EES LR AR ) Red A
ENSG00000115353  TACR1  #UMUKAZ 14 1
ENSG00000220205 VAMP2 /NUAHSIKEEH 2
ENSG00000275302  CCL4  #afbHF(C-C H)F) Mk 4
ENSG00000109743  BST1 B 45 o 40 i 471 )62 1
ENSG00000169403 PTAFR  IfiL/INiR 3% A6 R T34k
ENSG00000197879 MYO1C HLEBREHA 1C
ENSG00000106328  FSCN3 WL EFLEREMA 3
FREICHE MG C B 2 I
I 1
CDK2 2 Jo] S0 286, ARt ek D il 2
GAB2  ERHATFZIAZEEN 2
CXCL12 fbA+(C-X-C £%) Bk 12
CCR8 LT (C-C &) %1k 8
CDK6 2 i J&] S0 2, 0 A0t 1k D il ©
SNAP25  ZEfilv MAAHICE H 25
INPP5] LB 2 WER -5-W5 PR I )
GNG3 G EHMEZA3
GNGT1 G HEMHW AN v HEFEA 1
STX6  ZEfilfl &I 6
CD44  CD44 /3T
CDK12 2t J& 30 28 AR M Vil 12
UCP2  fRIBIKEEH 2
PRKCG & H ¥ C
VAMP1 /INUARSCHEER T 1
MTUSI M 1
APEX1 APEX1 1
INPPAB  JLFE 2 BB R -4- W52 11B
LAMC2 ZERi#EHEATVHE 2
EMP3 b MEARE A 3
HES1  Hes %< bHLH %% AT 1
SOX6  SRY-Box #%[H T 6

ENSG00000124507 PACSIN1

ENSG00000123374
ENSG00000033327
ENSG00000107562
ENSG00000179934
ENSG00000105810
ENSG00000132639
ENSG00000185133
ENSG00000162188
ENSG00000127928
ENSG00000135823
ENSG00000026508
ENSG00000167258
ENSG00000175567
ENSG00000126583
ENSG00000139190
ENSG00000129422
ENSG00000100823
ENSG00000109452
ENSG00000058085
ENSG00000142227
ENSG00000114315
ENSG00000110693
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Figure 2. GO function annotation of miR-765 target genes
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2.4 miR-765 MEFHBEAREHEEERMR
MEESHSEESH

1 miR-765 LA H (£ 3) § A String £4
JEEAE L o3 A 0 5 D] g A 8 10 0 () A R B D
K% miR-765 I JE P PPI W 2% &1, 45 % UL 14 3,
miR-765 #JE [H] 4 % 2 (4 5 18] HL A & 4% 19 A0 B AR
FH A2 46 rf7s a5 HERT LA % 30 35 PR 4 5310 2 /Il

151k B F 32 4K ( platelet activating factor receptor,
PTAFR) . # # AK 52 & 1 ( tachykinin receptor 1,
TACRI) 2 it/ MAAH I FE 1 25 (synaptosome associ-
ated protein 25 ,SNAP25 ) F1 4 Jfd Ji5] 459 25 A AR5 M 34
fif 6 ( cyclin dependent kinase 6, CDK6 ) %5, T 4114w i
P2 1 J5T 78 AH AR I 2% 8T vh 1 R E S5 H Y
YRS

INPP5J

3. miR-765 $BEF PPI [ 45 &
Figure 3. PPI network of miR-765 target genes

3 4 i

S S HE RGO R B, — T, CHD B3
R A AN R EE W e A B AT s 5 — T T, MR
s R FR TR A A 2 LA I e R B 5 B0 i
I R AEF AN CHD & 3F T2DM, e AR # T CHD
kAR RN AR I, IR 2R miRNA £
FEPE R RS PELE, AR AR RO B 30 i A 28 0T
KIERIS W R8I R WG WA bR EY ., B,
PEER miRNA 3458 sl 1 il 9 1 i A 5 F & T 2 i
R RAFEFE B3 5 0] AN miR-765 7F £ Fil
PIRh A RS, S 5 XM A
KB APAT- ST AR, JF B S R CHD B i ik
QI REPIR B VIARSE ™ B, Redell % 5%
RILIMIE miR-765 KTt vl V5 Ay i i A1) 493 78 2

BRI A IR G5 Ali Sheikh 251 W58 & BN
K miR-765 A1 miR-149 7K F-A8 4L 0] 4 K & 4% CHD
BWIAER A A YR Y . SR, BRI S0
A5 I R AE I miR-765 /K78 Ak K Il A 72 L
AN HE A Rtk — DR 58, ARBFSEAE CHD 4/
CHD+T2DM 4 1fit 2% v 24746 0 1] miR-765 7K - B 2.
FHE, H CHD+T2DM 41 miR-765 7K T 50
F LRI miR-765 7KF T+ T g J& CHD & JF
T2DM kA KB EZEGERKNE,

miRNA HA W% AR 1 ThfE, i =t
S8 miRNA WTRei B2 20k, BT, AW E B¥
3BT AE miRNA A5 il Ji |, RT3 o 0t
FEPRE B0 43 AT R A B T Sk R — 25 S5 4 {4
S, CASEATER miR-765 Al {E ki &4 A Bt
TER BN B 2 WA o FAR B SR AR
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YisE IR AR R TE R . O ik — 20 A B miR-765
() A W= R AE S I B, ASBF 52 7 A W4 8 24 40 A
F-BeALgR15 30 AN JE A, 1 H DAVID Al Gene On-
tology ( GO) BHa ZE X BT 4k miR-765 iz 6 40 5L K E 4 7
GO AW i B B s SR, 2= e o+
DItie A28 ML 20 53 2 3 AT 45 R R W, miR-765 2 5
P MRIE S Sl RAE e a5 KiE
FIEE [ o0 28 L PR i R Ak 55 2 $27R miR-765 T fig
W R AL R 5 (5 S i A A A Ik
LA 5 B A, 17T 2 5 0 8 R B0 it A 9
o I 25799 728 1) R A R R, E BILAAR RORE S I, B P8 I
o7 R0 B % PR A rh oy W B R A A, E—
A0 PPT L850 H & P miR-765 #0HE DK 25 5 45 (4 iR
B B 5 2 AR AR P ™ 28 s s R LA I
H& ¥ % e 45 ¥ V8 i #0356 5] 43 51 2 PAFR
TACR1 .SNAP25 F1 CDK6

I3 miR-765 A % J1i2 AT CHD & Jf T2DM
) R 2 W RR YT S WU PR A, B & CHD
5 IF T2DM 2R AR Fhr&id. [RIEE, ARBHE5E
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