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[ Abstract] Objective To explore the value of high-resolution magnetic resonance imaging (high-resolution MR)
combined with serum micrornA-140-3p (miR-140-3p) and micrornA-223-3p (miR-223-3p) in the assessment of the vulnera-
bility of carotid atherosclerotic plaques. Methods A total of 86 patients with carotid atherosclerosis admitted to the Depart-
ment of Neurology of the First People' s Hospital of Lianyungang City from January 2022 to December 2023 were selected as
the study objects. According to the pathologically confirmed plaque status, the patients were divided into a plaque vulnerable
group (42 cases) and a non-plaque vulnerable group (44 cases). The serum levels of miR-140-3p and miR-223-3p were detec-
ted by real-time fluorescence quantitative PCR (qRT-PCR). Kappa test was used to analyze the consistency of high-resolution
MR Detection and gold standard in diagnosing vulnerable carotid atherosclerotic plaques. Multivariate Logistic regression was
used to analyze the influencing factors of plaque vulnerability in patients with carotid atherosclerosis. Receiver operating char-
acteristic (ROC) curve analysis of the diagnostic value of high-resolution MR, miR-140-3p and miR-223-3p in plaque vulnera-
bility in patients with carotid atherosclerosis.Results The serum miR-140-3p level in the plaque vulnerable group was lower

than that in the non-plaque vulnerable group, and the serum miR-223-3p level was higher than that in the non-plaque vulnera-
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ble group (#P=6.033/<0.001, 6.367/<0.001). There was no significant difference in arterial remodeling type and plaque distri-
bution between the two groups (P>0.05). Kappa test showed that the high resolution MR Test was generally consistent with the
gold standard in the diagnosis of vulnerable carotid atherosclerotic plaque (Kappa value=0.603). Multivariate Logistic regres-
sion analysis showed that high CRP and miR-223-3p were independent risk factors for vulnerable plaque in patients with ca-
rotid atherosclerosis[ OR (95% CI)=1.685 (1.051-2.702), 3.054 (2.008-4.645) ]. The high level of miR-140-3p was an inde-
pendent protective factor[ OR (95% CI)=0.752 (0.616—0.918)]. The area under the curve (AUC) of plaque vulnerability in pa-
tients with carotid atherosclerosis diagnosed by high-resolution MR, miR-140-3p, miR-223-3p and their combination were 0.
800, 0.860, 0.884 and 0.981, respectively. The AUC of the combination of the three was greater than that diagnosed by high-
resolution MR, miR-140-3p and miR-223-3p alone (Z/P=4.537/<0.001, 2.980/0.003, 2.869/0.004). Conclusion High-resolu-

tion MR Combined with serum miR-140-3p and miR-223-3p detection can improve the diagnostic value of carotid atheroscle-
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rotic plaque vulnerability.
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HIM(TG) & ERRE AR FEEE (HDL-C) K% & 5 &
FHE B (LDL-C) Fe 25 5 RSt ih24 2 L (P>0.05) 5
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Tab.1  Comparison of clinical data of carotid atherosclerosis
patients between non plaque vulnerable group and plaque
vulnerable group

~ EFES G PA  BES G A )
Tt 2
it H (n=44) (n=42) Xl P

BIHI(%)] 28(63.64) 27(64.29) 0.004 0.950

P (525, %) 68.58+7.12  68.62+¢7.15  0.026  0.979

BMI(z+s,kg/m?) 21.18+2.24 21.26+2.18 0.168  0.867

W2 AR B T (%) ] 24(54.55) 22(52.38) 0.040  0.841

s [ B %) ] 20(45.45) 18(42.86)  0.059  0.808

LR [ %) ] 32(72.73) 34(80.95) 0.815 0.367

BRI [ B %) ] 26(59.09) 25(59.52)  0.002  0.967

UA (x+s, pmol/L) 354.68+40.18 450.65+£50.41 9.786 <0.001

SCr(x+s, pmol/L) 68.41+7.06 69.48+7.45 0.684  0.496
CRP(x+s,mg/L) 11.07+2.04 13.52+2.08 5.514 <0.001
TC(x+s, mmol/L) 4.48+0.58 4.52+0.63 0.307  0.760
TG (x+s,mmol/L) 1.98+0.24 2.10+0.32 1.973 0.052
HDL-C(x+s,mmol/L) 1.20+£0.21 1.14+0.20 1.356  0.179
LDL-C(x+s,mmol/L) 2.95+0.50 3.10+0.54 1.337  0.185

1.2 RO EEbRHE (1) A B OFF A (CDFI BT
A 350 h fkks B A AL BB 7 10k ) 1 A BEOR @ BEHL R
BE=1.5mm, KE=10 mm, (2) HEBR b . DI A
GRS QEBA T HORERENEE;QOBA
JEELO MRS 1 8 @A B IR RO
BT R

1.3 WFEbR5 7 vk

1.3.1  IfiL7% miR-140-3p , miR-223-3p FE kA1 . T H
H ABET R AE 2 18 I FR KL 10 ml, 3500 8 B E TS TR E
T—80°C UKAE N i ki, >R FH 55 B 2¢ 0% 22 it PCR
(qRT-PCR) ¥E K& i 7 ' miR-140-3p .miR-223-3p 7K
o, fiiFH TRIzol A (RINFRHE YR A BRA A,
24515596018 ) MUIMLTE R HUE. RNA , PR FH & 25 i
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cDNA 5 Sl R & (Fb U rE2E 2L BB AT FRA W] 9%
5:4368814 ) H# HEHUAY RNA 0% 5t 4 ¢DNA k47
qRT-PCR, JZ I 45 1F: 96°C i 28 ¥ 8 min, 95°C 7 1
38 5.58°CiR /K 30 5,72°C ZEAif 30 s, H:it 40 PFI,
FIWFHNILER 2, AR F cDNA 1 pl, B RiE514)
451 pl,Power SYBR Green RT-PCR 7 ( ' ¥FHIEA
YR A IR, 575 :4368711)8 wl,ddH,0 5 wl, LA
U6 1R NS R 272 2L HT miR-140-3p .miR-223-
3p BRIEAKFE

2 miR-140-3p Fl miR-223-3p 5| 4/F 5
Tab.2 Primer sequences for miR-140-3p and miR-223-3p

L F¥E519 il
miR-140-3p 5’ -TACCACAGGGTAGA- 5’ -CCACAGGGTAGAAC-
ACCACGG-3’ CACGG-3’
miR-223-3p 57 -ACACTCCAGCTGGG- 57 -AATTCAGTTGAGTGG-
TGTCAGT-3’ GGTAT-3’
U6 57 -CGCTTCGGCAGCAC- 5’ -AAATATGGAACGCTT-
ATATAC-3’ CACGA-3’

1.3.2 S0 ok ohs A s T B HROAS DN et FH VG 1) i
SO B8 25 300 80 Bk A7 4 4 i E 2 R 35
2, R E] (TE) M 4.10 ms, B B E] (TR) N 25
ms, ML (FOV) N 145 mm, TIWI JF3i%E N TE 15
ms, TR 750 ms; T2WI J¥ %A TE 75 ms, TR 3 450 ms,
FE TR R S 3 5 7 (LA A R B AT BR A E
5 mv-122)5 ml,5 min J5 AT G IR RE IR TIWT H
o LEE E A 20 B0) K ok A A AL BEHRR A

1.4 SEhKRFERE AL BE S Z) B R4 Sl ik ok A
T A B S P 1 S By e A A I8k Jie Ay sl Bk ok R i Ak
BEHE HARFE BN i KRR B A% O | T B 21
HENF A BER

1.5 Gk weH SPSS 22.0 F A ELH A4 KL
o THECTORN AR BR (%) o, 21 ] HL SR X
K95 s AP A IE AT AT R BT R DL x5 0K, 2 AT
BER AP SEREAS ¢ K556 5 Kappa A6 56 3 4 i 70 3¢
MR Fll 5 £ br 2 W B 5 3 1Y — Bk, Kappa {8 >
0.75 N—BMERF,0.4~0.75 —EtEH T, <0.4 Ky
— B 25 s B Logistic [111H 4347 851 ) kSR AL R 1L,
BE B G R R & 210 TAERHIE (ROC) il
284 HT R 4 1% MR miR-140-3p . miR-223-3p X 3 5
Pk RERT 1k £ 2 B ) B v 2 T, P<0.05 A
ZERAGIFE L,

2 &% B

2.1 2 A% miR-140-3p .miR-223-3p FKik L B

SN miR-140-3p R FAEBEHL S it 41, miR-
223-3p FikE TR G 141 (P<0.01) , W3 3,

R 3 ARBEHLG) I 45 BB B 0 4 S8 ok ok A A A AR LT
miR-140-3p .miR-223-3p FILLE  (7+s)

Tab.3 Comparison of serum miR-140-3p and miR-223-3p levels

between non plaque vulnerable group and plaque

vulnerable group in patients with carotid atherosclerosis

M5 Bi%k miR-140-3p miR-223-3p
e B 5 14 44 1.01£0.14 1.02+0.11
BEH Z il 42 0.84+0.12 1.20+0.15
tfH 6.033 6.367
P1H <0.001 <0.001

2.2 2B PR FERE AL BB S b AR B Y
W4 S5 5 45 41 3 [k B #4281 K BE B oA o0 B Lb
B, 225843 L (P>0.05) , L3 4,

R4 ARG S BEER 5 10 4 S50 Kook i A Ak J A S sl ik
SRR AL BESURE R LA [ 11( %) ]
Tab.4  Comparison of characteristics of carotid atherosclerotic

plaque between non plaque vulnerable group and plaque

vulnerable group

LRGP BESR GBI

o (n=44) (n=t) XM PH
Bk E AR 2.622  0.105
E [0 H AL 20(45.45) 12(28.57)
i EY 24(54.55) 30(71.43)
BEH oA o
-RE 9(20.45) 10(23.81)  0.141  0.708
T RE 20(45.45) 17(40.48)  0.217  0.641
i BE 15(34.09) 13(30.95)  0.096 0.756
Ji BE 7(15.91) 8(19.05)  0.147  0.701

2.3 WA HEE MR KIS S hw S W 3 s ko # A
EBES G B — 30k 2o 7 HEE MR R & BB
S 35 B, AEBEH B 481 51 4], Kappa k36 7, &4
PR MR 5 SRS W S8h kol HERE AL B ) 45 1) —
P AT (Kappa=0.603, P<0.001)

2.4 ZNEK Logistic [ 53 Hr 2020 ik ok i Ak 58 2 B
WG N R DA Kok A Ak R B A
SRR R (JE=1,7%=0), U LiRZE R T P<0.05
WH N A T Z R Logistic MIH3HT, 254
7 : CRP \miR-223-3p T by S sl ik ok A B 1 £ 5 B e
SHI ST G R P 2 miR-140-3p &5 Jg g S7 A 37 R 25
(P<0.05), 55,

2.5 ErEEE MR miR-140-3p .miR-223-3p X} &z ik
SRR AL R BEE G PR IZ W N &l S o R
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MR .miR-140-3p .miR-223-3p Bl 5 Bk 412 Wy 25 5 ik
SRR AR L BB BEBL G BPERY ROC BhER , IR T
A (AUC) , 45 3R W78 . % 43 BE % MR miR-140-3p
miR-223-3p N = FH BG4 W 55 50 Jik ok #F B 1k 18 o B
He SRy AUC 435124 0.800.0.860 ,0.884 .0.981, =
HEECA W AUC KT @ 40 #F % MR, miR-140-3p
miR-223-3p 2 Wi i) AUC (Z/P =4.537/<0.001 2.
980,/0.003,2.869/0.004) , WL 6 & 1,

RSNk HERE AL BEH S ) 2 R Logistic (7]
F 534
Tab.5 Multifactor Logistic regression analysis on the vulnerability

of plaque in patients with carotid atherosclerosis

AN Y B1H SE{i Waldf§i P18 ORMH  95%CI
UA & 0.218 0368 0.352  0.553 1.244 0.605~2.559
CRP 7 0.522 0.241 4.687  0.030 1.685 1.051~2.702
miR-140-3p & -0.285 0.102 7.808  0.005 0.752 0.616~0.918
miR-223-3p & 1.116 0.214 27.218 <0.001 3.054 2.008~4.645

R 6 HOPEE MR miR-140-3p .miR-223-3p i 25 51 bk o¥) K A
T B G BRI W

Tab.6  Diagnostic value of high-resolution MR, miR-140-3p,
miR-223-3p on plaque vulnerability of carotid atheroscle-
rosis patients

G S = K 1 g@ﬁ
& tr BAESWHE AUC  95%CT  HURE HSE o
5]

5T PR MR 0.800 0.700~0.879 0.714 0.886 0.601

miR-140-3p 0.904 0.860 0.769~0.926 0.786 0.932 0.718

miR-223-3p 1.125 0.884 0.796~0.943 0.738 0.909 0.647

“HEBE 0.981 0.925~0.998 0.952 0.795 0.747

B 1 E4rPE% MR . miR-140-3p . miR-223-3p 2 Wi 3 5l fik 585 k¢
TEAG AR TR S i 9 ROC 2k

Fig.1 ROC curve of high-resolution MR, miR-140-3p, miR-223-

3p in diagnosis of plaque vulnerability in patients with ca-

rotid atherosclerosis

3% i

S5 SI) K RATE A AR — i U B ol PR, LR
TIE SR B Jhi R 1 JEE R i vk B AT 3K 2 Pl 20 Ik P4 R v O 1
SR RERE AL BEE (I W DOR ) FEGT, BB E
B p LB T 8 R AR I 9 v ) At B o 2B
Wi 2 o ] 1% $E B JHL 5 2 Bl ke 78 (T 41 4
MR 8D | 3R] BB B0 2 ™ H B, 191 A get O
FSH KGR MR Sk 08 B A
LR ESET " L E AR MR OREAE UEAT Bl bk Il
it S RRNTIE BUF 5 e, FIWrBES RO , A — 5 U FE
Sk B 52 B FAR BRI Y 32 0052 W, A7 16— 5 B R
2RISR ARWESE Kappa K5 Bos , B2 MR
5 & FRUEL W B S 35— BOE T, o BER MR
VA 30 ook R A AL BT 27 40 P O BBURREE Oy 0.714 %%
SEEE A 0.886, H: AUC 4 0.800, % W Hx #51 3 fik ok ke
MBS G BAPE 2 W B A R, Bk, SRR R
9 = 82 W 251 0 Jk oG A B A B i ) 45 PR A DG B FR A
XPE T LA R

miRNA 5 B S50 o 782 % U)AH 5C , 1) g i |
270 OWE PR B R I A , B EE 2 &, miRNA
T S5 B0 FkoR RE R A 11 A R i el A P A R EE LY
FORMER, DIERFFE R, miR-140-3p 7£ 51 & 3k
PN R I P 2 R miR-140-3p 3 1 4 [
PIHIAZ T sirtuin 2 5530 B 5 04 58000 R 380
M Bk RERELL > ARBRE R, 5 AR BEE S i 4l
FeA, BEH 5 31 41 miR-140-3p ik K i B FR A, 12
7~ miR-140-3p s BEH )t 19 & A, 0 B R miR-
140-3p i@ & #L[a] SMAD H¢ M E3 2 R HEH 1
et Bl ik e R b & #2 C A T, miR-140-3p 7E 5 45 5%
S KK R Ak 1M 45 1 R AR

miR-223-3p J&— Rl 59O M55 95005 Tl b 4,
miR-223-3p F] BERE A 4 P 5 I L W 4 B AR 22 Je )
PN T — S Al 1L | A28 I 255 0 A A o s 1) i A
FEFE miRNA (B H A O 8 H AR 175 2 288 09 40 Mg
CAnAF4n A AL LA i) 3kt BF 58 UE B, miR-
223-3p 55k SN ke s i 2 P B R s OREAE A O,
LA BN KR RERE Ak | 045 530 Co LR AG) I/ IR N S
AL ALBR M . miR-223-3p LA {2 40 M 08 7= A i
EHEMRAER IR SE 0 WUEEFE I S 1O WILEF 2 Ak R
A w ) miR-223-3p 8 i 1 FOX03a #2512 F
O WL T, B E B AT LI i #0 ) RASAT SR 18T
O WUEEBL S 0 WELF 24k, B 5T BT, 2 bk ok A6 A Ak
B ML miR-223-3p Fak AT Y A 5T 45 1
IR, SAEBEH 5 21 e g, BE R 5 5 41 HR 3 miR-
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223-3p KB E T, 7R miR-223-3p 5 5 I BEHL 1)

KBRS, AT A A miR-223-3p 2517 i [

PEAR A TR 8 F A SR iz DI RE, O HLE Bk W n] LAE Y

A BT sh ko RERE AL K g i A s 3
4y PE% MR miR-140-3p .miR-223-3p = H B4

WSl ik ok A R AL BEDR B LAY AUC & T 52

Wi AUC {1, 3R IR S A I RS S s Wk iE . At

W& Logistic [7] 543 #7 i 78 , CRP , miR-140-3p |

miR-223-3p 57K -1 52 3 Dk o8 1 A8 Ak 55 Bk B 45

FIRM R 2, F R4 R R B miR-140-3p . miR-223-3p

JE S K A AL BB 5y 451 0 TR AR A 46 b, S A

I miR-140-3p . miR-223-3p 3K 7K - XF 3l bk ok5 - B 1

PESR G AT RIFRYIZ I E R
25 b P i 39020 Jok o) A 58 b B B B AR Il T

miR-140-3p 215 .miR-223-3p B3k, /MR MR

A I miR-140-3p .miR-223-3p 61 X6} 51 )y Jik o) k¢

REALBELR G A B RS W (B, (BARBF SRR A i

B RS REEAR R A Z 0,

PR IR AT VR 7 W JE A i vh 5%

{E& Tk = B

T A KRR BT 58 S R 18 SRS 5 ik

AR KA AR BT R T I B, AT ST T

WICH A FpdkZe . PORME AR 18 0Bk

S 3k
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