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Expression and Significance of IL-13 and MMP-9 in Hemorrhagic Transformation
After Recanalization in Acute Ischemic Stroke
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Abstract: Objective To investigate the expression and significance of interleukin—13 (IL—-1B) and matrix metalloproteinase—9 (MMP-9) in
hemorrhagic transformation (HT) after vascular recanalization in acute ischemic stroke (AIS). Methods Forty—five patients with AIS admitted to the
Department of Neurology, Changsha Central Hospital from October 2022 to July 2023 and treated with vascular recanalization were selected and
divided into HT group (20 patients) and NHT group (25 patients) according to imaging evidence. The clinical baseline data, National Institutes of
Health Stroke Scale (NTHSS) score and modified Rankin Scale (mRS) score were compared between the two groups. The levels of serum IL-1 and
MMP-9 were detected before treatment, 24 hours and 7 days after recanalization. The receiver operating characteristic curve (ROC) was used to
evaluate the predictive value of serum IL-1B and MMP-9 for HT after vascular recanalization in AIS patients. Results There was no significant
difference in baseline data and treatment methods between the two groups (P>0.05). The NIHSS score on the 7th day and the mRS score on the 90th
day in the HT group were higher than those in the NHT group (P<0.05). The serum IL-1p level in the NHT group reached the peak at 24 h after
vascular recanalization, and then decreased, while the serum IL-1 level in the HT group continued to increase, and was higher than that in the NHT
group on the 7th day (P<0.05). The levels of serum MMP-9 in HT group and NHT group reached the peak at 24 h after vascular recanalization, and
then decreased, which were higher than those before treatment. At 24 h and 7 days after recanalization, the serum MMP-9 level in HT group was
higher than that in NHT group (P<0.05). The level of TL.—1B had no predictive value for HT after AIS vascular recanalization. ROC curve showed that

the area under the curve (AUC) of serum MMP-9 level at 24 h after recanalization for predicting HT was 0.728, and the optimal cut-off value was
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2241.59 pg/ml. Conclusion IL -1 and MMP -9 are significantly increased in patients with hemorrhagic transformation after AIS vascular

recanalization; the serum MMP-9 level has a certain predictive value for HT after AIS vascular recanalization, and may be a potential biomarker for

HT diagnosis.

Key words: IL-13; MMP-9; Acute ischemic stroke; Recanalization; Hemorrhagic transformation

B 1fin P4 ik 25 F (ischemic stroke ) f&tH F EAET:
BRI R AN, AR AR 5T BoRP, 2018 4
KEA 157 T ANE A aeT, H i i WA ik 2
R R P A T, 24 5 81.9% ., H AT Ak
PEMRZ5 (acute ischemic stroke, AIS)H EZEIEIT
T ATYER Ry 100 A5 P38 , L FE DR R R IALAE PA A
TRYT SR I PR AT e DR T 6 mT 4 n
N H M54k (hemorrhagic transformation, HT) A% x|
W, BUHFE T SR Ty o H I A = e i
G A F I P S R UL O RORE , 3 1 A 42 D e
WALIFE M DI REMRE Y I3 A bR S AR AL
T G ARRE DR 30 A R 0k 6 1) o o 2 1 1
WIE s S B EEAEH , S 6T ik It
TR I IR ZE R, T — R LR i i %
FRAY 2% A 3N B AR . MMP-9 S —Fh 4 i Al 1
W, BRI MMP-9 357K 1R AIS KA 5
TGN, I H 0 S0 F A28 D R |
B LG A A TR R, B R ST SRR TR
ST S AR B i B R, Wi R R 11~
1B WEUE S ) SR i 2 — o AR 4PLE A
DU ATS £85I A8 P38 A7 1 IS 1L-18 F1 MMP-
9 JK3F, R IL-1B F1 MMP-9 7E AIS Ifi 4% 58 5
IR KT Bl R T S o
1 BRSAHE
L1 —BEeRE BEFE 2022 4F 10 H-2023 457 H Kb
L BE BEpi 22 NRHIRGR G 45 1] ALS Ff-H23Z 14
FRIE AT B AR R IS 138 J5 2 5 kA i FE fk
P4 HT 2H.(20 1)) F0 NHT 2H(25 1)) . WA
b s OFF S (P 2bEsun e A hi2ih 8
2018 ) AR DCHRHES ; (% i I 2 A2 T Dk s A sl (T
A A AIRIT s OTE NS FRE IR YT 5 ¥ PRk A 4
L CT 8¢ MRI. HEBRARME: O AR MK CT 5§
CTA KB Pkl s QBEAEA i H 1 s oA i
DY IR 58 0 5 5 D A BE i A IR B g M ELO T
BB R K SR RGP . Y LA A2 K
FRfES: I AE 5 J5 18 Uk il CT/MRI A A& 8L i, 5
Uk A CT/MRI A 2 BN Hh I, sSom i i vk
fiii CT/MRI A] LUK RE 0 MM AT . AR ) R E

9

IRAFEEBEAS S By 24ttt

1.2 71k

1.2.1 IR ZERE WA B B AR IS P00 s i e
PRI iR R IALAE o b5 B BTy ek O 5593 s Bk, Wi g
TRITRTANES 7 KA NIHSS W45 . RIRHTFIES 90 K
) mRS 43

1.2.2 IfiL3% IL-1B .MMP-9 /KA FE AT R . I
EFHEIRYTIE 24 h AIES 7 RICEE HT 41F0 NHT 4158
F 3 ml JFRKIL, HCE PEAGE 25.0HLH (3000 /min),
BLLBITEA 10 min, RIS A9 I S F-80 CuK
FEIRATE o R FHBEHDR 8 W B (ELISA )3 HT 41 A1
NHT ZH Il 75 IL-1B F1 MMP-9 /K F, 7 & hitil
HERAEY TREARA R, ITAFASIRE RS,
kg RGBT 1L-18 . MMP-9
1.3 WELFE b LB HT LA NHT 241 8835 3697 7 %
55 7 KA NIHSS 343, NIHSS 36 54 0~42 43, 7%
B = 2R PR D) BRI H . X HT Z4HF1 NHT
HEBATIIZHVIE A 31, LB HT 4081 NHT 41
B LRI MR 90 K1Y mRS PR3, mRS &% E >
0~6 43, SME i = F R 2 T BEWR S bk 22 . [LAE HT
ZHF0 NHT 4B EGI7AT . I8 FHRIARYT IS 24 h #1
¥ 7 KIME [L-18 MMP-9 5K, i
FEEIAIT G 24 h BT MMP-9 /KSEX} ATS Ifil 3 1
T H LA A B ST AN

1.4 Geit2F 051k B SPSS 25.0 b #kA 14012440
Mo THECFERH (%) |36 R A 2 K IEZS A
F 31 PR (xs) 7R , R ST AEAS ¢ K250, AN
A IER S TR RORHHIMQ,, Q)3 , R
Mann—Whitney U B F145 55 i ] ROC £kt 5
AUC FIHRIIE. P<0.05 FR 7 BHA G2 L,
2&ER

2.1 WZHBELR UR R L HT 2H A0 NHT 2 PR 50 4R
R BB FIL TR LA, ZREHITFE XL
(P>0.05), L3 1.

2.2 BAIGYT 7 A HT 41 NHT 4 (03697 )7
A ZR s E L (x¢=5.272,P=0.072), IL
2.



%38 B 1
2025 4F 1 H

[ 2 5 B
Journal of Medical Information

N

Vol. 38 No.1

Jan. 2025 o

2.3 PIALIRYT HIE NIHSS A1 mRS $F4> HL#E iRY7 Rl
HT Z1F1 NHT 41 NIHSS #¥53 .mRS ¥4 this, 225
TG it2#E X (P>0.05); HT 41 /1 NHT 4156 7 X
NIHSS PEAH I BIGITRIREAR, L HT 4175 T NHT 4
(P<0.05); HT 21 A1 NHT 2% 90 K AY mRS 353
BORYT RIS, B OHT 415 F NHT 41(P<0.05), W,
%3,

2.4 PIELIRYTRT . A FEEIARYT IS 24 h FEE 7 KL
I IL-18 /K-F-Lbi JAYT AT HT 2081 NHT 4 15
IL-1B 7K EbAs, 22 RG24 L (P>0.05) 5 14
@AY IS 24 h,HT 4181 NHT 4 17 1.-18 /K
FbER, 22 R G247 L (P>0.05) 7655 7 K HT 4

M3 IL-1B KT NHT 2H( P<0.05), W3 4.

2.5 PIAIRT R . I FREIRYT G 24 h 1S 7 KL
TH MMP-9 JK~F-Lb# RY7 AT HT 4070 NHT 41 1%
MMP-9 7K L8, 22 S To gt it27 5 L (P>0.05) 5 1M
EHERIGYT IS 24 h A15E 7 K HT AIITE MMP-9 7K
ST NHT 44( P<0.05), 1L 5.

2.6 IfiL{E MMP-9 /K-l ATS Il 5 -3 Je H 1 5%
LAY ROC BHZE ROC BhZk Won, MAEFEIRIT A
24 h I3 MMP-9 7K 7 o 4% 46 () AUC
0.728(95% CI:0.578~0.878, P<0.05 ) , F A3 % W 1 Hy
2241.59 pg/ml, WL 1.

x1 MABRLHFRERN(%),M(Q;, Q)]

LD HT 4 (n=20) NHT 4 (n=25) GHE p
5 10(50.00) 18(72.00) x=1.448 0.229
FE () 74.50(61.25,79.75) 72.00(64.00,79.50) 7=-0.309 0.757
f I 14(70.00) 21(84.00) %=0.580 0.446
WEIR IS 4(20.00) 10(40.00) x¥=1.246 0.264
1 g ILAE 3(15.00) 10(40.00) ¥=2.273 0.132
O3 i) 9(45.00) 5(20.00) ¥=2.179 0.140
TR 8(40.00) 8(32.00) x=0.059 0.807
&2 MARTIRILRIN(%)]
BIT A HT 4 (n=20) NHT 4 (n=25)
i kE 2(10.00) 10(40.00)
AR A 6(30.00) 6(24.00)
FRIKI RS IS A A 12(60.00) 9(36.00)
% 3 WABFAEIG NIHSS.mRS iF4 EER[M( Q,, Q) , 5]
ZH 53 n NIHSS 43 mRS 1143
TRITHT ENEN IRYTHT 5590 K
HT 40 20 21.00(12.50,23.00) 14.00(8.50,22.50) 0.00(0.00,1.00) 3.00(2.00,5.00)
NHT £ 25 11.00(5.00,21.50) 5.00(2.00,13.50) 0.00(0.00,0.00) 1.00(1.00,4.00)
VA -1.396 -2.885 -1.539 -2.693
P 0.163 0.004 0.124 0.007
x4 WATFESMTE IL-1B AFLLEIM(QT,Q3),pg/mi]
a5 n IBYTHI M4 A IRYT S 24 h NN
HT 40 20 2.47(2.24,3.26) 3.35(2.76,4.85) 4.22(3.11,5.30)
NHT 20 25 2.49(2.02,2.67) 2.85(2.52,4.17) 2.62(2.40,2.80)
VA -0.548 -1.199 -3.746
P 0.584 0.230 0.000

93



38 B 1
®E 202541 A

Journal of Medical Information

Vol. 38 No.1
Jan. 2025

S PSS

x5 WMARRE L IMFE MMP-9 7k F b4 (x£s,ng/ml)

24 53] n JRYTHT

& FEIAYT )5 24 h SN

HT 4 20 2032.27+120.00
NHT 4 25 1668.08+140.11
V4 1.917
P 0.062

2987.64+178.39 2660.44+144.64

2402.13+£167.36 2168.54+149.61
2.381 2.325
0.022 0.025

100

80

60—

REBEY

i T e TE24hMMP-9

20

0+ T T T T 1
0 20 40 60 80 100

100% - %7i4%

1 & MMP-9 7k EFT AIS Il & HiE g H M4k 5
ROC M4k

3Tt

AIS J& R i 1™ F ol /b, 77 A e i 5t AR 1 O
BE, 3 A 2 D REREARE, ATS JATT 1) & b Pk 1
A7 ML A5 P R I > R 00, 1 A R Iy P iy
SR it A 3 DK IAAR FIALAS A AR T, 1EIX P b
TBYT I AR5 | Y i A B it s o B Ak
I35 PR IR YT 5 W WL & AE 7 AIS B H SRR
T, AL B RAE 79%~29% , HoRe bR 4 1fi
AL 19%~20%, TTEBKEEIAYT G H AL L3
109%~48%, A& IR T iR 1k 46.09%~49.59%°  AHF5T 40
AR 20 ] ATS LS P8 H i 4% fh 2, 2
kIR, 6 BIIAE A AJGRIT , 12 Bl kiS5
M55 N AIRYT R HRYT I7 s T o R B, bk
VAR A A ATRYT R HERE s . AR R,
HT 47E5S 7 KA NIHSS P43 F NHT £H( P<0.05),
55 90 KA mRS W43 T NHT 41( P<0.05), #2 Hi il
SEARHIR B B T P2 D REBU AN R HUS

HR I 2 P ) 2 A 5t i S5 A 45 AR BT FS S8 E
BIL P T A0 40 O i Ty B 35 6L 55 2 DD AH G,
Hh I R BB B AN R B R R 13 7
AIS KAETR /IS ST A AR A fii P B2 07 285 1) X e
PR, BB o M1 R M2 RS AL Y 40
Jiatst, e M1 A9 20 A i 4 W K MMP-9 11L-18

94

H TNF-o SEZ R AREAN BT, A1 ALS S5 Iibi 075 14
YERE BN , ST A S5 3 %) 3 A PR, B MR %6
PEA RS IR B G P, fE R4 R 5 . MMP-9
FIVAH & SR AE PR 110 2 o5, B 33X 26 ARE [ 7 () AH A
FHASZ0 T, A% 5 B 1 — 20 SRR, i il % e
DRSS . it =2 38 e,

MMP-9 J&—Fp HLA & A /K A 0 48 ot
Pt T LA 2 AR A i P 5 5 440 i 47 5 0 RN 6 IS
JEEE RS TN, (o a0 S B 1) 8 A7 B R
T2 A K AR, TR R Bl ik A 2E ) A b B
SEIGAR A R AR MMP-9 /KP4
RAPEZ FEAEPY, Qin W AFPHSZIG % BRFA AR MMP-9 7K
-, Reng s B R R E -1 AR
I, NI i B B ) 5688 . Yuan R 8P 5C T
B &M A B BASIF5E h R BRAR S 24 h 1)
MMP-9 ¥ & Al 37 700 AIS F 35 A & P i 5%
o —30 ALS BE WU IR T I RIBA SR 55 25
WEH, ABLE 6 h AYILTE MMP-9 /K] i H
MAEAL . A5 & B, I8 MMP-9 7K F-7E 452 1L
EHHEIGYT S 24 h iKW, BJS TR, XM TIRIT T
JK-. HT 2H LG MMP-9 7K 7452 I 45 RRlIGY7
J5i 24 h FI%E 7 K F NHT 241(P<0.05). ROC Hhk
W, IMEFREIRITI 24 h (I0LE MMP-9 /K715
A 4kRY AUC R 0.728 (95%C1:0.578~0.878,
P<0.05) , eI E 2 2676.60 wg/ml, $78 MMP-9
AIAEYS ALS I A8 38 Je G fe 0 e A= AH 2, B
B HHEIAYTG 24 h ) MMP-9 JK3FX} AIS 1fi 4% 18
Jei i A A —E BRI BT A0 = ABE T [A]
KA A—, i]RE S EILLE MMP-9 /K (i 17 , AHIF
2% FECHE M FRIG 24 h (ILE MMP-9 /K-

LIS R AR 2 AT 5 M I A 2B R R
B RO , J0 A P 28 58 i AP B 0f P 5 B s i I
BT TE BB AR o I PR T S5 30 Al R g 2R Y
— S8 ELUA T A 16 M 1 2459 T LGB i o B, B A1
WML, FELE T RSl S R B MCAO A7
Bl 8 h IL-18 ZKFE A=, Ahmed N 552



%38 B 1
2025 4F 1 H

S PSS

Journal of Medical Information

Vol. 38 No.1

Jan. 2025 o

WG A IR TL-1 SZARF5 B0 i B b R ALG h 4p dke ni A5E
HYeb i B RN . A IS RIS TL-18 /K
FAE AIS BE UL A, H S M E Y Rediti i
AR, (H ALS /R 5 itk 1L-18 58
IS SIS AE AR WAHDCAH SR TR . AR &
P NHT 2035 1L-18 A FAEHEAZ A4S Pl iR yT e
24 h kI B S R R, T HT R0 1L-18 /K245
SLFtE R, HAESS 7 KT NHT 41(P<0.05), i%
—WFIE 45 PR MG TL-1B ZKFAE AIS I8 71
Ja WA B T, AT RE R TL-18 5 1 A5 P8
Je I A ) R AR AR DG, BARAILE] v AN TE AL T
IL-18 X AIS 14 Fi e Hh L% A i Bl (e
FrifE— 2L 5E

AT SR BRI : OFEA LD, S AU Y
QLI B ] SRR ;. BAILS K fe 2 1M Ll IR
IR A —, flEEZR 1L-18 A1 MMP-9 7K
T A 22 5 PR, AR FR #E— 204 R A, e T
ZA PR R A IR ER R

2 FRFR, IL-1B F MMP-9 7F AIS I 4585
R AR T B T VS MMP-9 JKSF- X ALS
A8 P38 J e A — s B BN, R RE SN
B M2 W T TEAE bR S . B, R PR
A FH B4 B 0 L A4 590 ) 32 by FH I R, P
T4 G 20 B OR3P o 28 R ATS TRY7 BBk
HE—2E 05T IL-18 Fll MMP-9 7£ N B9 4= W2 hp i
A B TR Z 8258 .

B Bt KT P E R A RBF R
e FF,
SE K.
[1]GBD 2019 Stroke Collaborators.Global, regional, and nation-
al burden of stroke and its risk factors, 1990—2019: a systematic
analysis for the Global Burden of Disease Study 2019 [J].Lancet
Neurol,2021,20(10):795-820.
2] B fn 4 B S R R AR S S B 4L P B B R R
JRARAE 2020 B[] F B EER 4 E,2021,36(6):521-545.
[3]Van Kranendonk KR, Treurniet KM,Boers AMM,et al. Hem-
orrhagic transformation is associated with poor functional out-
come in patients with acute ischemic stroke due to a large vessel
occlusion[]].] Neurointerv Surg,2019,11(5):464—468.
[4]He J,Fu F,Zhang W et al.Prognostic significance of the clini-
cal and radiological haemorrhagic transformation subtypes in a-
cute ischaemic stroke: A systematic review and meta—analysis|]].
Eur J Neurol,2022,29(11):3449—3459.
[5]Saleem S,Wang D,Zhao T,et al.Matrix Metalloproteinase —9

Expression is Enhanced by Ischemia and Tissue Plasminogen

Activator and Induces Hemorrhage, Disability and Mortality in
Experimental Stroke[J].Neuroscience,2021,460:120—129.

[6]Jin R,Yang G,Li G.Molecular insights and therapeutic targets
for blood —brain barrier disruption in ischemic stroke: critical
role of matrix metalloproteinases and tissue —type plasminogen
activator[J].Neurobiol Dis,2010,38(3):376—385.

[7]Yang C,Hawkins KE,Doré S,et al.Neuroinflammatory mech-
anisms of blood—brain barrier damage in ischemic stroke[J].Am J
Physiol Cell Physiol,2019,316(2):C135—C153.

(8% 3k, & ik . P B) &M S do bk JlE 5 P 404 35 v 2018[]]. F 4
b 244 2 .,2018,51(9):666—682.

[O1F 4 B F 2w 20 F 5a, TR EFRMNERT 5 MA
FRFE P E SRR I E o 448 2R 2019[]]. F 4
A 224+ 2 &,2019,52(4):252-265.

(O] T I - T A5 4536 B /R 8 3 B A 5 bk B o b 5 o
Ao il i T BRI AR ()] oA B 5 20 E,2020,11(2):162-169.
[1]E X F, B, E 4 F 5. 25 WA 8 F5 G V3R s fn
P W 60 s R AR BB A TS M K i B A K 329,
2020,42(5):426—430,435.

[12]Goyal M,Menon BK,Van Zwam WH,et al.Endovascular
thrombectomy after large—vessel ischaemic stroke:a meta—analy-
sis of individual patient data from five randomised trals [J].
Lancet,2016,387(10029):1723—1731.

[13]Kassner A,Merali Z.Assessment of Blood —Brain Barrier Dis-
ruption in Stroke[]].Stroke,2015,46(11):3310—3315.

[14]Zheng X,Ren B,Gao Y.Tight junction proteins related to
blood—brain barrier and their regulatory signaling pathways in is-
chemic strokel[J].Biomed Pharmacother,2023,165:115272.

[15]Li LJiang W,Yu B,et al.Quercetin improves cerebral is-
chemia/reperfusion injury by promoting microglia/macrophages
M2 polarization via regulating PI3K/Akt/NF —kB signaling
pathway|J].Biomed Pharmacother,2023,168:115653.

[16]Yenari MA,Kauppinen TM,Swanson RA.Microglial activa-
tion in stroke: therapeutic targets[J].Neurotherapeutics,2010,7(4):
378-391.

[17]Varnum MM, Ikezu T.The classification of microglial activa-
tion phenotypes on neurodegeneration and regeneration in
Alzheimer’s disease brain [J].Arch Immunol Ther Exp (Warsz),
2012,60(4):251—266.
[18]Devanney NA,Stewart AN,Gensel JC.Microglia and
macrophage metabolism in CNS injury and disease: The role of
immunometabolism in neurodegeneration and neurotrauma [J].
Exp Neurol,2020,329:113310.

[19]Liu C,Xie J,Sun S,et al.Hemorrhagic Transformation After
Tissue Plasminogen Activator Treatment in Acute Ischemic

Stroke[J].Cell Mol Neurobiol,2022,42(3):621—646.

(F#% 100 R)

95



38 B 1
2025 4F 1 H

it

BEER Vol. 38 No.1
Journal of Medical Information Jan. 2025

(E#F 95 )

[20]Qiu YM,Zhang CL,Chen AQ,et al.Immune Cells in the
BBB Disruption After Acute Ischemic Stroke: Targets for Im-
mune Therapy?[J].Front Immunol,2021,12:678744.

[21]]i Y,Gao Q,Ma Y,et al.LAn MMP —9 exclusive neutralizing
antibody attenuates blood—brain barrier breakdown in mice with
stroke and reduces stroke patient—derived MMP —9 activity [J].
Pharmacol Res,2023,190:106720.

[22]Justicia C,Panés J,Solé S,et al.Neutrophil infiltration increases
matrix metalloproteinase =9 in the ischemic brain after occlu-
sion/reperfusion of the middle cerebral artery in rats [J].J Cereb
Blood Flow Metab,2003,23(12):1430—1440.

[23]Qin W,Li J,Zhu R et al. Melatonin protects blood—brain bar-
rier integrity and permeability by inhibiting matrix metallopro-
teinase—9 via the NOTCH3/NF—kB pathway[J].Aging (Albany
NY),2019,11(23):11391-11415.

[24]Yuan R,Tan S,Wang D,et al.Predictive value of plasma
matrix metalloproteinase —9 concentrations for spontaneous
haemorrhagic transformation in patients with acute ischaemic
stroke: A cohort study in Chinese patients [J].J Clin Neurosci,
2018,58:108—112.

[25]Mechtouff L,Bochaton T,Paccalet A,et al.Matrix Metallo-

100

proteinase —9 Relationship With Infarct Growth and Hemor-
rhagic Transformation in the Era of Thrombectomy [J].Front
Neurol,2020,11:473.
[26]Ma G,Pan Z,Kong L,et al.Neuroinflammation in hemorrhag-
ic transformation after tissue plasminogen activator thrombolysis:
Potential mechanisms, targets, therapeutic drugs and biomarkers
[J]-Int Immunopharmacol,2021,90:107216.
[27]Choi JH,Pile—Spellman J.Reperfusion Changes After Stroke
and Practical Approaches for Neuroprotection [J].Neuroimaging
Clin N Am,2018,28(4):663—682.
[28]Ahmed N,Wahlgren N,Brainin M,et al.Relationship of
blood pressure, antihypertensive therapy, and outcome in is-
chemic stroke treated with intravenous thrombolysis: retrospec-
tive analysis from Safe Implementation of Thrombolysis in
Stroke —International Stroke Thrombolysis Register (SITS —
ISTR)[J].Stroke,2009,40(7):2442—2449.
[29] 3% #6374, B4R, $h A0 4h, 5 MMP—9 IL—1B % X A B -FK-F
TG ZREAR AR RS ELELSH])EF 5 T4
My e &,2018,15(5):344—347.

Wckie H 391 :2023-11-23; #2 [] H 1:2024-01-02

Gkt AR



