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RN FE R A ZF PCR FHM LASO & & o miR-93 K-F, F KA AL ISR X %, 4R [SRAFIEISR4AH
F miR-93 /K-F rbik | £ A B 18] R | 20 18] R & 1) A 4R A 69 3 E &R (P<0.01) , KRG 14 X miR-93 # B ISR
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RJET R miR-93, £ A4+ FENL(P<0.001), % B FE Logistic AWM EREFThERNEKE KB 14 X
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Predictive value of plasma microRNA-93 level for in-stent restenosis after interven-
tional surgery in patients with lower extremity arteriosclerosis obliterans
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[ ABSTRACT] Aim To explore the predictive value of plasma microRNA-93 (miR-93) level for in-stent restenosis
(ISR) after interventional therapy in patients with lower extremity arteriosclerosis obliterans ( LASO). Methods 184

patients with LASO admitted to the Affiliated Hospital of North China University of Technology from February 2016 to May
2019 were selected as the research objects.  According to whether the patients with LASO had ISR within one year after in-
tervention, they were divided into two groups: ISR group (n=71) and non-ISR group (n=113). Real-time fluorescence
quantitative PCR was used to detect the plasma miR-93 level of LASO patients, and to explore the relationship between
miR-93 and ISR. Results Comparing the plasma miR-93 levels between the ISR group and the non-ISR group, the
differences between the two groups including time effect, inter-group effect, and time-to-group interaction effect were statis-
tically significant (P<0.01). The area under the receiver operating characteristic curve, sensitivity, and specificity of
postoperative 14 days miR-93 in diagnosing ISR were 0. 839, 91. 55% , and 70. 80% , respectively, and its diagnostic effi-
ciency for ISR was higher than those of preoperative miR-93 and postoperative 7 days miR-93, the differences were statisti-

cally significant (P<0.001). Multivariate Logistic regression analysis showed that the length of vascular occlusion, post-
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operative 14 days miR-93, low density lipoprotein cholesterol and C-reactive protein were independent risk factors affecting

ISR in LASO patients (P<0.01).

lated to ISR in LASO patients ( P<0.001), and there was a non-linear relationship (P =0.009).

Restricted cubic spline fitting Logistic regression analysis showed that miR-93 was re-

Conclusion

Plasma miR-93 level in LASO patients is related to ISR, and the high level of plasma miR-93 at 14 days after interventional

surgery suggests that LASO patients have a high risk of ISR within one year after operation.

T BB Bk A Ak ] ZESE (lower extremity arterio-
sclerosis obliterans , LASO) Ilfi AR 2% B4 32 2 Sy [R] &I B
17 IR PR B i M 5 9 25, HL B L Al 3
JKSEAEREAL 2 LASO B3 A I i 2 ik,
M A 3% oo, 7 EE R U AR D ARk B
AT AR, ZH0 LASO #B3F 123897 5 5E ik
RS HARJE 5 KA S 3R N FE B 78 (lin-stent
restenosis, ISR) , A it 18 & 7/~8 LASO / AR J5 ISR
1) K A 3R ik 40% ~ 60% . PRI, #R 9T T s
LASO /™ ARG ISR ByFE bR HA E 2 L,

/N RNA ( microRNA , miRNA, miR ) & —Ff' iy
18 ~24 AT PR 41 i i AN H & da i 28 11 T D) g 1Y
FE RNA , Z%0 miRNA EFHIES S5 LASO &9k &
PEE PR I miR-4463 . miR-21 , miR-1258 F1 miR-
125b %159 miR-93 ¥ W AT I T HEL [ 100 1) = R MR
A6 i is R AL A2 e tR 20 Ik ok A s A % 95 2
PR AL, miR-93 18 R HI fia) £k 1R Bl 2K A 2
A I S i LA A s i AT A ST LR A
55, EH D miR-93 5 LASO 3% ISR A 5%, Kl
HOKSFEs T 0K ISR, UL, 28 5 JF R AR 5%, Bk
BT,

1 #ARAE

1.1 —fE&EN

WA 2016 £2 A—2019 45 AL E T L
FWE E et 2 i 184 ] LASO & # 18 b #F % &t
%, BR(THRRENRZEES BT DT
LASO, ZWitrvE. (1) A # 8 LASO JE Wk KK AE;
()B4 4<0.9; (3)CT M & EHHEHL A
LASO, 184 ] LASO A # # B M 116 #], & 1+ 68
B 37 ~78 ¥, EH(58.43+7.28) &, AR
# LASO B M ARG 1 FWES KL ISR Ko
K2 4 ISR 4 (n=71)F34E ISR 4 (n=113), A#
RITAZRHEHEZTHERES, AHARXELE
HEITAFHEEREFHEL R SHE,
1.2 fROILEERAE

MINFFW (1) BTRECT GRS HREDW A
LASO; (2) #Z X BMAN KRBT (3) Fih<80 ¥

(4) B ERAF R TEA R T KT (5) 15 KK
BRE (O)NMNARKEAERAT L IREE LY
(R FAE ] ITA), HRRE: (1) EHF K3
B3R5 (2) PR E AT B Th Ak 2 5 (3) B oh 8 3  ;
(4)atm R A F AR fE; (5) 7 XEMAKE
FWAERIE; (6) & BEMBE(T)FXT R . ZRKE
FEAGE R B g M G 4
1.3 IaKiESKE

R BT A R A K BT & 98 4K (body
mass index, BMI) 4% J& O # | & L & # | 5 7 i
F R Bl bR R R UL
g mEREKERXAERE CRNEHA(Core-
active proteins, CRP ), & B 1 #% ( fasting blood
glucose,FBG) | # i = Eg (triglyceride, TG) | & 2 [
2 (total cholesterol, TC) .15 % & A5 & & i [E B (low
density lipoprotein cholesterol, LDLC) % % J& fE & &
fiB [E B ( high density lipoprotein cholesterol, HDLC) .
W 45 JE (systolic blood pressure, SBP) 1 47 7K J& ( dias-
tolic blood pressure, DBP) %1z &, % JH & F AT
CT % EFHET M LASO EEMAAKE 1 HA
ISRER, 6 MNAEYL 1 R, AHRKELRAEK
XTI S mm AL R E R =50% W ISR,
1.4 1038 miR-93 7KF &M

A S2 B K E B PCR % AR LASO & #
1% miR-93 A& F, 45 F LASO B M AA R A
J& T REAJE 14 R4 B # # foft 10 mL,4 000 «/
min %8 10 min, # B F Q5 L E R, F TRIzol ik
FIARBE RNA, IF % 40 o6 6 B it fe ol A 4h 2,
F R % X Fl &4 RNA R 3 & cDNA, % & Al
PCR BLEATY #, KB A& 4 95 C 5 min, 95 C
305,60 °C 30 5,72 °C 30 s, 435 MEF, WEH
U6, ACt=Ct,45-Clye, A 27 K 75 miR-93 Y 48 T
FEE, IIMFALEK L,
1.5 SitESHh

AR 3.5.1 A HAT B4R 247, P<0. 05 AL
EZRARITFENL, EARAWITERBA ves &
AR R R AR e, A BB
RAERMET Z0 M, HHEBRAGAME S
RO AR ke, A ZRKH TE4AHE
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Table 1. Primer sequences
K JF5(5'-3")

miR-93  1F X4%:AGTCTCTGGCTGACTACATCACAG
JZ 5% . CTACTCACAAAACAGGAGTGGAATC
U6 1F X 4% . CTCGCTTCGGCAGCACA

J2 5% . AACGCTTCACGAATTTGCGT

2§ (receiver operating characteristic curve, ROC) FEAft
miR-93 2 Wi LASO & I AR J5 FE B A% 1Y AU RE
HH Logistic Z X % [l 5 43 #7521 LASO S35/ AR
JERRZE B AH O R R . T BR 4 7 7 R AR LG

Logistic [71JH43HT miR-93 5 LASO 34 ISR MIC R,

2 # B

2.1 WAEZENILR

WA TEAF 1 P50 BMI ., /& 0 s 58 v i i i
s OBEPRE S0 g St o A v s I A PAD 2
{8 I 48 P4 %€ 388 FBG , TC, TG , HDLC , SBP #iI
DBP it 5, 2 F M R G I 2#E L (P>0.05),
ISR 41 1M A ZE K 5 | 5¢ 42 A1 %€ | LDLC 1 CRP ¥
FAE ISR 4, 2R A FIER L (P<0.05;%2) ,

®2. MABRLHRILR

Table 2. Comparison of baseline data between the two groups

i H ISR #H(n=71) JE ISR #H(n=113) VX P
ik % 59.08+7.38 58.03%7.21 0.960 0.338
B[ (%) ] 39(54.93) 77(68.14)

e/ 1% ) ] 32(45.07) 36(31.86) 3267 0.071
BMI/ (kg/m?*) 24.16+3.00 23.9422.71 0.509 0.612
L/ [ (% ) ] 36(50.70) 57(50.44) 0.001 0.972
T IR MLAE /[ B (% ) ] 52(73.24) 88(77.88) 0.515 0.473
BRI/ [ 1% ) ] 18(25.35) 29(25.66) 0.002 0.962
S/ [ (% ) ] 18(25.35) 38(33.63) 1.411 0.235
s A s/ [ (% ) ] 17(23.94) 31(27.43) 0.275 0. 600
JIIK=REE A=Y

W-RESh KB/ [ B (% ) ] 34(47.89) 46(40.71)

Il h Bk Bz s B/ [ 4911 (% ) ] 37(52.11) 67(59.29) 0-915 0.339
145 P 264 B/ em 8.04+2. 12 6.26+1.90 5.894 <0.001
SEEMZE/ [ H(% ) ] 32(45.07) 29(25.66) 7.410 0.006
1N A5 P 2E 528

B/ B %) ] 54(76.06) 95(84.07)

W/ [ (%) ] 17(23.94) 18(15.93) 1.818 0178
FBG/ (mmol/L) 6.41+0.97 6.31+0.97 0.713 0.477
TC/( mmol/L) 4.70+1.22 4.70+1.15 0.021 0.983
TG/ ( mmol/L) 2.02£0.22 1.99+0. 42 0.717 0.474
LDLC/ ( mmol/L) 3.87+0.53 3.22+0.95 5.981 <0.001
HDLC/ ( mmol/L) 1.05+0.21 1.10+0.20 1.601 0.111
SBP/mmHg 143.54£18.05 139.30+16.75 1.620 0.107
DBP/mmHg 84.32+7.60 82.85+8.78 1.167 0.245
CRP/(mg/L) 11.08+3.37 7.97+1.92 7.095 <0.001

2.2 VAAME miR-93 KFLLE

ISR AT ARJF 7 KFARJG 14 KL miR-93
K5 M (1. 55+0.33) . (1.34+0.28) F1(0.90 +
0.09) ;3E ISR AH AR ARG 7 KRFAJE 14 KL HK

miR-93 K -43 51 R (1.57+0.29) . (1.23+0.20) F1
(0.76+0. 11) , PALIIK miR-93 /K- HLE, 2 H5H
I IE] KN ( F = 431. 696, P<0. 001 ) . 2H [A] &% 3 ( F =
16. 947 ,P<0. 001 ) K I} [a] Fi 25 [8] 1) 58 HALNY (F =
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5.526,P=0.008) , PHALINYK miR-93 7K fifiFsf (]
RIS, ISR AARJE 7 RFMAJE 14 K
I miR-93 /K V4478 T-3E ISR 4, 22 A G it &
X (¢=3.085,P=0.003;:=8.734,P<0.001;[& 1),

2.0

B 3EISR4AE
C1ISRA
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®
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<
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b NI} RE7TR ARE14K

B 1. A4 ME miR-93 KF L
Figure 1. Comparison of plasma miR-93 levels

between the two groups

2.3 I3 miR-93 L #F ISR HIZLAE

AT miR-93 127 ISR 1 ROC #h4k T i F (area
under curve, AUC) FefE#KT & | R BUE ke 8 4y
W 0.511(95% CI 0. 436 ~0.585) .1.37.30.99%
F179.65% ; RJ5 7 K miR-93 2 ISR 1) AUC  #x
FEAR T o 2 BB A 5 B 43 51 R 0. 619 (95% CI
0.545 ~0.690) .1.35.50.70% F1 76.99% ; K5 14
K miR-93 12K ISR 1Y AUC S A8 7 5 R 8508 Al
FESERE SRR 0. 839(95% C1 0. 778 ~0. 889) 0. 77 .

91.55% #170. 80% , ARJi 14 K miR-93 i2Wi ISR Ay
SURER TARBI ARG 7 KX miR-93, 22 5 ¥AH Giit2#
BN (Z=6.428 4.324 ,P<0.001;/&2).

10 /
08} =
0.6} i
- [P :
&
w 0.4 4
N . ABIMIR-93
0.2 ---- RE7EMIR-93
— RE14XmiR-93
0.0t 1 I )

1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1-HBRE
B 2. IMm# miR-93 2 #7 ISR B ROC Hi£k
Figure 2. ROC curve of plasma miR-93 for
diagnosis of ISR

2.4 ISR #IMEZH Logistic [EV3 547

FETRE S ISR A Ay PR 20 | i 45 P 8
SEA M RJE 14 K miR-93 \LDLC #l CRP 7N H
A (PABRUE P<0. 1), H2 1 &4 ISR AN S
L MAZ AR Logistic |IHAMIT, 285 5 s 1l F4]
FEKFE ARJG 14 K miR-93 . LDLC Fl CRP J& 5%
LASO 3 ISR MBS faf 2 (P<0. 0134 3)

% 3. LASO &3 ISR &I E &R Logistic 13447

Table 3. Logistic regression analysis of influencing factors of ISR in LASO patients

FSEy B SE Wald P OR 95% C1

PE5 -0.749 0.508 2.178 0.140 0.473 0.175 ~1.279
A PR 22 K 0.454 0.137 11.046 0.001 1.574 1.205 ~2.057
56 42 [ 58 0.743 0.508 2.136 0. 144 2.102 0.776 ~5.691
AKJF 14 K miR-93 2.996 0. 603 24.719 <0. 001 20.001 6.140 ~65. 153
LDLC 0.915 0.345 7.050 0.008 2.497 1.271 ~4.908
CRP 0.458 0. 106 18.494 <0.001 1.580 1.283 ~1.947

2.5 I3 miR-93 K F 5 ISR WHEX S
FHBR I PE ST R A Logistic =] J5 43 Ar miR-

93 5 LASO 34 ISR MIE R, S99 s N0 4 1), 7R
{5 BE N ( Akaike information criterion, AIC) {H %
/N CAIC = 182.430), 43 Hr 25 R /R miR-93 5
LASO ## ISR A X (x> =50.37,P<0.001) , HE4E
LPEXZR (%1 =9.39,P=0.009), LIRSS 14 K miR-
93 12 ISR WAL S AE A 2% 51, 2 miR-93<

0.77 B, &A ISR By FEAR; 24 miR-93>0. 77 B,
KA ISR BB T (13)

3 3 i

ARG ISR EA R &, P HZ 0 T LASO
BEG . RN LASO /- ARG ISR fF5 5 A
HEEE S AT ISR A& A= KU | o 1] 5 Bl
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0 | ! | 1
0.7 0.8 0.9 1.0
RE14XmiR-93

B 3. miR-93 5 LASO %3 ISR KPR &ML HH & E
Figure 3. Restricted cubic spline of miR-93 and
ISR in LASO patients

PR i 7 1 % 1 7 58 LA By FHIR JT LASO.,
JE e 4613 B 5E 1 R LASO B FH A ARG ISR 1Y
KN 38.35% . AWM A 38.59% (71/
184) ) LASO B#H A ARG &4 ISR, 5 Lk 5
SRR,

PEWE o8 i, miR-93 2 5 7 3L R m |
ST B T i R A R Mt e e AR
AXFH 5 LASO ISR X R e iRE . ShkokFe
B A0 R I A8 T 1 LA S H 3 E 34 5 ISR SRR,
11 miR-93 Al ARG 5% 238 B2 5 s Kok ke
Tk 0 I S W LA S R AT IR, ARG U
LASO #1135 miR-93 /K F- 1l 684 Bl T HI W7 1SR,
AMFFEE T L ISR 4L FEE ISR 4115 miR-93 7K
-, K PEPILH I SE miR-93 7K -2 R a] i L FAAIG
i HARE ISR 2H M3 miR-93 7K - FA AR AL B 3 K
R R miR-93 5 ISR 4 56, HK 8 vl i
ISR, ABFFEHIE T miR-93 2 W1 LASO M3 ISR 1Y
ROC fhgk, 25 R /R AR5 14 K miR-93 2 ISR 1Y
ROC AUC | R B FRE 5 2 4351 24 0. 839 91. 55%
F170. 80% , Haz i ISR WIRLRE =5 T AR A M AR5 7
K miR-93, LRZEREXH A 14 X miR-93 2 Wi
LASO ISR RYRLREES & , fH AR 5 B2 O 1%, 1 4 Bl V-
LASO ISR,

ISR P2 E 20 T LASO B 1 H % A 1% I 1
J& 4SRN R R T R BR R BFSE ISR 9 A
HABEEE L, GAMFFE USRI |5 IR
LASO 4 ISR By fa K 3= HAEARFE 1 ISR
AR ISR AAEWE PRI | e I s 75 T e Aok L B
ZE5E EE WM LR R 0T B 5 A0 A 5T I REAS £ I
BRI R A OG5 R KA Z han ks T
PIMESE, ZEaE 4D HF 58 & W] LDLC /& LASO ISR

(b7 S B PR 2R T Tk e 251 R 5 2 A . A5 s A8
KBE SE4 P 28 & LASO ISR Myl ~r fa e N £, A
55 R H Z & Logistic [F1H #1521 LASO &
ISR [ fE B 2, 45 R o S P 22K R 14
K miR-93 .LDLC #1 CRP /2 LASO £ ISR 1Y
Merfape N #E, 5 LR R s RAAGE— AL E
HHEMHF R TR S WA R EEAR = K, A
BE— I miR-93 5 LASO %% ISR WKL R ,2EH
KBRS T RE S Logistic [BIAGEFT/HT , 45
R IE/R miR-93 5 LASO B ISR A%, HEE Lk
KF, Y miR-93<0. 77 W}, KAz 1SR A UG R ; 24
miR-93>0. 77 B}, & A= ISR 19 UG T iEn . 26 e
miR-93 W] AEI L 43l A 2 = R R T 45 A i i
AL MZRARRL AR A 2 S5 3 BRok R 1k 2 i
W LA 2 A 0 R, 35 % ISR, R, H KT
iR ISR,

2 LAk, LASO B3 12K miR-93 7K°F-5 ISR
HX, RJE 14 RILHE miR-93 K F R LASO H
FENANRIG 1AER KR ISR BRSBTS
TE—EAR R, AR A 5w /)y, B Ry Bl
WIS, VEHE A fay i) BE 52 e S50 40 A 45 281, T — 24
FEREREEA 205, LVRANARIFIEAS 2 |
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