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miR-19 §Jia] PTEN J{-41-5 HMGBI j5ma/ M gl rERi b Fen
PLRIESE *

hudE R W B % TER RHE
GHrRER A5 B B 25 EE #7482 5% K 5F 830028)

AE BRY:3K K miR-19 3216 PTEN /% HMGBI1 %1y R 3h Ak AR AL A2 69 MU BF R . F7i% : SPF & C57BL/6J ApoE™ i
P RARERFR B 6955 200 R4 2T BB 40 AS A4 28 Fo miR-19 Fp4] F140, i@ i RT-PCR 447/ R £ 3h k4842 F miR-19 #9
mRNA £k, iBiE 5 & fpid 5470y R £ 3h bk PTEN HMGBI1 #o AKT #9% & £k , i@ 1E 9% £ 28575 M 4-m miR-19a 5 PTEN ¢ e
%k & GBI MR F ALl O & & 4547/ R S hkAe LS BRE 69 AS s @ A7, 3833 RT-PCR 447/ R ESh bk L300k 5 1
JEE P AR K 2m R R F Ae A2 AL B T 69 mRNA kA i@ B G547 £330k 5 WL ICAM-1 #= VCAM-1 #9%& & %A, 85 AS 4
7128 miR-19mRNA %A #5204t 3 (P<0.05),miR-19 4741 7] 28 miR-19mRNA & ik 45 AS #:A 2Bk (P<0.05), AS #:A 4a
PTEN & & # ik 85 B 48 84k, HMGBI1 #= AKT % & & i &t BB 2091 25 (P<0.05) ,miR-19 4+ 77 48 PTEN %& & kA& AS A 20
Ft %, miR-19 4p#4) %) 21 HMGB1 #= AKT & & % ik 5 AS B A 4 AR (P<0.05) , AS AR 40 £ Fh ke £ SR 5 69 523 W AR B RE 41
H# e (P<0.05),miR-19 #pH] F 41 £ h bk fe £ 30 IRk E 6 523 @ AR AS A 4 (P<0.05), AS BEA 41 TNF-a IL-B . IL-6 Fm
CXCL2 # mRNA % k&3t BB 2051 & (P<0.05),miR-19 49| 7] 48 TNF-o IL-6 IL-B F» CXCL2 #) mRNA % ik 45 AS BEA! A&
(P<0.05),AS £ A1 28 ICAM-1 F= VCAM-1 #47& & £ ik HxF B 4043 (P<0.05) ,miR-19 4734 7] 28 [CAM-1 F= VCAM-1 #)%& & & ik
B AS BEA A AR (P<0.05), £5i8:miR-19 i id #1845 PTEN & ik 7% HMGBI1/PI3K/Akt 15 5 i@ 74, iX 7T 4 448 3t VSMCs #)
FEIGI A K ER Y, AT AS a9t &,
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ABSTRACT Objective: To explore the mechanism of miR-19 targeting PTEN and mediating HMGBI to affect the process of
atherosclerosis in mice. Methods: SPF grade C57BL/6J ApoE™ male mice were divided into control group, AS model group and miR-19
inhibitor group. The mRNA expression of miR-19 in mouse aorta tissue was analyzed by RT-PCR. The protein expression of PTEN,
HMGBI and AKT in mouse aorta was analyzed by Western blot. The targeting relationship between miR-19a and PTEN was detected by
luciferase activity. The area of atherosclerotic plaque in mouse thoracic and abdominal aorta and aortic sinus was analyzed by histology
and red oil O staining. The mRNA expression of proinflammatory cytokines and chemokines in the intima of the aortic arch of the mouse
aorta was analyzed by RT-PCR. The protein expression of ICAM-1 and VCAM-1 in the intima of the aortic arch was analyzed by Western
blot. Results: The expression of miR-19mRNA in the AS model group was higher than that in the control group (P<0.05), and the
miR-19mRNA expression in the miR-19 inhibitor group was lower than that in the AS model group (P<0.05). The expression of PTEN
protein in the AS model group was lower than that in the control group, the expression of HMGB1 and AKT protein was higher than that
in the control group (P<0.05), and the expression of PTEN protein in the miR-19 inhibitor group was higher than that in the AS model
group, the expression of HMGB1 and AKT protein in the miR-19 inhibitor group was lower than that in the AS model group (P<0.05).
The plaque area of the aorta and aortic sinus in the AS model group was higher than that in the control group (P<0.05), and the plaque
area of the aorta and aortic sinus in the miR-19 inhibitor group was lower than that in the AS model group (P<0.05). The mRNA expres-
sions of TNF-a, IL-B, IL-6 and CXCL2 in the AS model group were higher than those in the control group (P<0.05), and the miR-19
inhibitor group TNF-q, IL-6, IL-B and CXCL2 mRNA expression was lower than that of AS model(P<0.05). The protein expression of
ICAM-1 and VCAM-1 in the AS model group was higher than that in the control group (P<0.05), and the protein expression of ICAM-1
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and VCAM-1 in the miR-19 inhibitor group was lower than that in the AS model group (P<0.05). Conclusion: miR-19 activates the

HMGBI1/PI3K/Akt signaling pathway through targeted regulation of PTEN expression, which may promote the abnormal proliferation,

migration and inflammatory response of VSMCs, and contribute to the progress of AS.
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Bk T {L (atherosclerosis , AS ) & —Fift B2 K Bl ik i) 18 4
RIEPEBR, AS S B S O AIURE ZE AN I8 =AM IR
FH GO MAEFET LR ZHD, SEE , N L DIRRRASE AS
RN EZ O A AR ZIEE 1 (Oxidized Low Density
Lipoprotein, ox-LDL ) #% iFE Bl 4 175 T R W 25 AS 1Y A%
BLEIE, A AS JRIT I TIRIUAS T ERGED (0 AS (1) 58 2
RIFRFAE BRI WAL, K, B 5 SR Z T S #E AS 1%
AL I T AS W7 BT T4 4% . /)y RNA
(MicroRNA , miRNA ) J& — /MW HE 4T RNA, B 18 i 15 %
F 1 RNA (Messenger RNA , mRNA ) [ i sl B4 i e 488 1) 45
JE mRNA [ 3' UTR, AT A2 R R IA AT 943579, miRNA 7]
WP RRREISH LAY =L B, G AS, KEifsR
W miRNAs Z: 5.0 USSR R ZMILH], AEOHEKE O
LR AT ASUM, 5 Gn X6 1 AE ST v LA e ( Vascular smooth
muscle cells, VSMCs ) BA {3455 AHTIE -6 1Y miR-21 Al g
& AS HIRIT R . HeAh, SEE U B 2 miRNA-143 i
miRNA-145, {BE M RAEH T EF, 25 VSMCs Fa i i1,
AW5E B TELRD) miR-19 ¥ [n] PTEN Jf41-5 HMGBI 520 /)N iR
AS FHERRRIBLHRIBIIE

1 AR5 07

1.1 SET/NER

JCHEE SR IEIAR ) CSTBL/6J ApoE™ MEME/INEL (1A 20-25¢
S AR 6-8 JH KO A VLA R AL A IR A B | L K3
YIRIFEAE 20~25 'C | AAXIREE 40~50 % . SGMERTE] 8:00-18:00
HIFREE T o W11/ BRE A A AR ECE IR K
L1.1 KI5 ARAEESE B AR/INR S R LU JLA X IR
NSRRI R Y, 0=15), AS FRIZH (45 T 0.25 %o/JH [ #%,
15 % g U5 14w BB Wi AR & 12 i35 S /b Bk 4 AS,n=15),
miR-19 I (7 AS W5 7 )8, 4% miR-19 5 LL 7
mg/kg/ KAl it B #R kS 2] ApoE* /NN, 1R
WL HFEE 5 . n=15), 12 G, /NRAEZRILHIZE £ 12 h,
3 %I L Z R R AT
112 EEREZERM i st ity 2 R sy 2
TEMESEAT , IR A v ) I R AR ARG 5 A S 6 s 4 4 B RN i
FHHER)
1.2 RWHZE
1.2.1 EERENES 6 HE A PRI 22 iR ( i3
BREYRHERBRAT) NEA L B BB A . ff
FH BCA 2 1 il 12U & (W38 = RAW R A BRA D &
YRR B BT . 4 10 % SDS HEIE 4Bk FA

[l A5 B T o0 B8 0 K 2 1 R B B PR 2T A I I
IR = R T AE S S WBURA- Wiy TBST e s o Kl S5t
%t GAPDH #l PTEN .HMGB1 .ICAM-1 il VCAM-1 {4 £ 7
BT (R A E R A BRA ) DL ST X AKT it
AKT [ se LR (ARSI AR — B E . R
R, RS Zht QLTS 1gG H&L IRDye 800 CW, S [H
LI-COR A A FEE M FIFE 1 h, fliH] Odyssey £I4MNEG R 58
AL 2 P 5 K IS T B . GAPDH. BN 2K 1 i 46
IRIKEFRIEAL R R
1.2.2 RNA #2EUAISER PCR i Jf] TRIzol 3257 (74 2t @ A=
WRHEA R ) IR E SR L 5385 5 RNA, =
cDNA 3 5% S 70 £ ( 36 [ BB G JRBRBE A BR A 7)) AR 1
T P R UL SR U RNA 353553k ¢cDNA, 1 SYBR Green
PEE i PCR RS0 EFERR L RBHE A R &) #E T 52
PCR, 4" 145 , i BI{EABER (Ct) . LA 18 S TRNA NS M
2 TR HE DR R IR AR HICE £k o MG T 3 pT 1y 48 L ]
TagMan MicroRNA FikfrliRX & (32 EFE W /RBHEA
FRZ\FD) i Ak miRNA ik, miRNA Fik/KPAriifkh U43 /)
1% RNA(RNU43 ) By 1K7K -
123 ASYRETENH 7R BRIRE 12 JAl, 2o i i v S e
FEZ AR/ NEL . 20 mL AR ER 22 b /K (PBSEVE /N Bty
JIF o DO BB B S A i) s T sh ik, A ) R AT
YV TSI 2 T 10 Yot /R Sy ARG o [ 24 h 5 32 8)
JKGAEIFTIE, 0.3 %It -0 Yoty 2h, 7 78 %P EE i (4, 5 min,
A B2 B A O G 4 Sk 0 BORD AR ATL ) SRR 07 8 A
IIMTPELR . fiiH] Image-Pro Plus 5.0 {2 & FHIE YL (A ai AR
FU/INBUA = Sl ks B R R TR — s 7 A B0 b R
AR F I E R
1.3 SEitor#n

fdi ] SPSS 21.0 FAFHEA TG o047, BdEFon v fE+
bRl 22 (SD), t K36 F 40 22 8] 4 L3, B NOVA i F
EAEEZHZ MY LE, P<0.05 MZEFAAS 5L,

2 BR

2.1 RT-PCR #&ill miR-19 Fi&

AS BIRIZH (1.93% 0.17)miR-19 mRNA 3 ik % % 18 20
(1.04% 0.08) F+& (P<0.05),miR-19 PHIFI4 (0.93% 0.01)
miR-19 mRNA A% AS BEIZH FEG(P<0.05).,

2.2 PTEN.HMGBI1 #1 AKT ZE &9 47

AS BEFI 2] PTEN & [ 3R 5 300 4 % ik ,HMGB1 F1
AKT ZE A R R B0 B2 717 (P<0.05) ,miR-19 i) 41 PTEN
HEHFRIBE AS B FH5 , HMGB1 Hil AKT 2 335500 iR
AR (P<0.05), (F 1),
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% 1 PTEN.HMGBI #1 AKT IEBRKIE
Table 1 Protein expression of PTEN, HMGB1, and AKT

Groups PTEN HMGBI1 AKT

Control group 1.87+ 0.15 1.02+ 0.01 1.04+ 0.05

AS model group 1.14% 0.12 1.96% 0.18 1.96 0.15

The miR-19 inhibitor group 1.94% 0.17 1.01+ 0.01 1.03+ 0.03
F 10.733 13.419 9.052
P <<0.001 <<0.001 <<0.001

2.3 P miR-19 JEAHENMR AS HIK R
AS F5 Y2 = 2y KR 3 B Jik S A SRR AR A X R ZH 3 i

(P<0.05) ,miR-19 3 26 3 Bl bk A1 3= B ik 58 110 B8 bl i AR A
AS BRI /> (P<0.05), (£2),

F2 ASRES
Table 2 Analysis of the A S lesions

Groups Aorta( %) Aortae sious( mm?)
Control group 7.25+ 2.41 0.12+ 0.03
AS model group 39.68+ 7.29 0.54+ 0.13
The miR-19 inhibitor group 15.32+ 422 0.27+ 0.08
F 24.296 10.533
P <0.001 <0.001

2.4 RT-PCR &#f

X TR (P<0.05),miR-19 #5141 TNF-o IL-6 IL-B Al

AS fIZ] TNF-o IL-B JL-6 F1 CXCL2 ) mRNA #Fik%  CXCL2 ) mRNA Fik5 AS BIFIRAL(P<0.05), (£ 3).

F 3 RT-PCR 43 #{@ 5 4 A [E F Fi 4L B F Ry R 1%
Table 3 RT-PCR analysis of the expression of proinflammatory cytokines and chemokines

Group TNF-a IL-B IL-6 CXCL2

control group 1.05+ 0.03 1.02+ 0.02 1.08%+ 0.04 1.03%+ 0.02

AS model group 1.95+ 0.13 1.93% 0.11 1.95+ 0.14 1.90% 0.15

The miR-19 inhibitor group 1.02+ 0.01 1.04+ 0.05 1.12+ 0.08 1.07+ 0.03
F 10.775 9.251 13.425 11.522
P <<0.001 <0.001 <0.001 <<0.001

2.5 BEETES TR S FRIRIE
AS BIEI4] ICAM-1 I VCAM-1 Ky 5K [ R BHO 41T+

75 (P<0.05),miR-19 14341 ICAM-1 Fl VCAM-1 lE %
IREE AS BIRIZ FEIR(P<0.05), (F4),

R4 MMOTFHEARE

Table 4 Protein expression of the adhesion molecules

Groups VCAM-1 ICAM-1
control group 1.05+ 0.12 1.07+ 0.03
AS model group 1.94+ 0.18 1.98+ 0.17
The miR-19 inhibitor group 1.15+ 0.11 1.08+ 0.14
F 12.993 9.502
P <0.001 <0.001

3 Wig

VR — R B JEAE T LA P , AS ATHAR S22 BRBE T 01
BRI RSN o AR, S HGE , 2 miRNA 7EHIB; A K5
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SiEE T AS ARG i A ¥ B DI REVER, AT 4R A%t
AS BIGETERT 1es ) ARBFSEST T AS NEUBETY, BYEBSE
miR-19 % AS 3 JRAMm ,

HMGB1 #iEsSEZfE i AS B AR BWEENFZ—, 8
WIENESIKP R, 5N 41 VSMC FIE 4%, B2
FWF5e 3, HMGB1 3 13 350 22 24 )50 b R (1 S A ik — 2
PO T 1 c-Fos H c-Jun 3k 184 5 il 50 Uk - ¥ JUL 40 J 434
FEI, AE AS H W DAFEIMAE HR R RN ] HMGB1 36509 7
HEHmet, miRNA 5 mRNA /) 3- JERIEX (3-UTR) &5 &, 51
BRI HI 5 mRNA M, & miRNA &4 W)= DI fe i B 25k
fez— B2, AKBFFLSE R B - HMGB 785 B8 W 2% S 1
AS /NRUBERNR Py IR T, O B i 410 ) miR-19 A 41 il
HMGBI1 335, i — 58 45 R B8 : HMGB1 132352500
VSMCs (35 FIiERS , i 2 ifF AS f93E R , B HMGB1 /K
S AS ik YA 52 miR-19 [T, 5 1 REFITas e
FApl.

miR-19a J& miR-17-92 SEACEEAL , #R BLA ZFER
IR SR T B R, L5 ] 28 780 2 440 A 1) 1 2 R S
A&, Bl B A bR . fi , miR-19a e B PERENG
JIRHLH R AR FIAZ 30 7R Y 22 0 DG TE 38R LE M i FE A 1<
JEEE T 40 AT <3 miR-19a i 235K T . sk,
miR-19a 3@ i EL#Z#05) PTEN 445 TH2 40 K149 77 4 I
HEGERE RN, 1% miRNA 7R H 3l i 7l SOCS1 Fi A20 3k
P 2 TSN E AN AR A T e, AR AR R R ik . AL,
miR-19a & 0] F i3 TGF-B 3244 2 {5 %1% 548 0 1 45 B -4 1
AR A T AN SAE N o AR 1 IR SEBG A 5%, S5 S 281, 40+h1
miR-19 7] & AR AS /N AS B 98 RE B2 I At J | Itk —2b
IEB miR-19 /-5 T HMGB1 B3Ik, SABFSE AT CEE R4
PTEN J& 22 Ffuig i v i) G B g 410 k) SR 8], HLeahgE 2 e Al
BRI % 8 . PTEN J PISK/AKT {5538 A0 5 22 67 YT
K-, Sl BN TR AR = BERR 3- BEEREE(PIP3) A L mimR b & 44
YE o PIBK/AKT {5530 B AL I8 15 A RE 58 o fb A T rp e %5
FEXRHEMIEH. fIL, PTEN Al PBK/AKT {5538 I 7E AS Y
KA E TS T )32 e3P PTEN 28 H & A FIE M B e
WIAE AS /INERASERY r LRI R #e, T PI3KC H00 o) 550 sl /1 I8
PTEN 25 25 W] &5 REAIC T AS BRI R (1) S RERS, AR LA_L-BF
gEHEAN, AT &P miR-19 B4 T Sk 4180 9 AKT B2
1k, [FlAF PTEN AR . A8 1EH PTEN %5 ) VSMCs 1
miR-19a (HEFEMN, H PTEN 7£3Z AS 520 ) ApoE™ /NPT
P8, 34 B T B BRI TR 4N BT I, DA IR AS i3
JE X W] PTEN A9 [ J8 0] LAZEA# AS. FEHIJ27E A2k VSMCs
1, TNF-o 15 5: 11 CD38 £ ik 3 miRN F #4454 3'UTR 1
I, I JE Y PBK/AKT {5 5% MR, X 2640 B .4E H
H AT REFE ] AS JEAE f2 P

AS AUE—FBE BTR B 180, T HLIA 2 —Fh M4 RE 1Y
P VEARRE RAEPESENR , %8 98 RE AR A0 B9 305 75 AS AR
A s B T AE R, ARTRISN, AS PRl RAE
IR TR, Un IL-18 A IL-6, X W] L i 48 4 /MA i %
ox-LDL A {755 ROS 43 | 44 5 A PSS A0 A 7, A
3 AS.miRNA YR JE%T AS RNk ™ A 520 o Bt (1 5 —

T 5E W] miR-126 3430 N K2 40 g 4 50 A ] AS BEJE , 3035

RE—FILETL --miR A] BERAT 1 e AS AN E IR TR

TR B0 ABIESES SRR, 4] miR-19 KK T AS /)

BBk S ICAM-1 #1 VCAM-1 S8RG R 70 79k, 4l

TS A B ALK R o B , miR-19 J 3 #E [ IL-B

c-Fos 7t F W20 AR SR 200 0 ) S AE b A4 2 A o FRik |,

FeA TR BER IR 2 B miR-19 2 L4 S0 Y IS HE 550, i

miR-19 1] 5 240 AS /NEURIE JERE B T-(TNF-or IL-B IL-B )

AL
Li LT, ABFFEEEN] miR-19 3@ i 4 % PTEN ik

% HMGB1/PI3K/Akt {5538 B2 #E VSMCs Y 5 % 345 1T

R FIIARE S, NTTAE 1 AS B % A= FIEJE , IR L FEfiR 2 AS 1Y

KPR EZMIER, X0 miR-19 X AS 44 7E 4 FHL

il R AEET B .
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