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ABSTRACT: Objective To investigate the genepolymorphism of matrix metalloproteinase-
9(MMP-9) and their interaction, and the correlation with hemorrhagic transformation(HT) after
ischemic stroke(IS). Methods A total of 705 patients with IS who were admitted to the hospital
within 48h were enrolled between March 2014 and December 2016. HT was confirmed by brain
computed tomography (CT) scan during 14 days from stroke onset. Six variants of MMP-9 gene
were measured by mass spectrometry. Interactions of gene variant-gene variant were assessed
through generalized multifactor dimensionality reduction method (GMDR). Results Among the
705 patients with IS, HT occurred in 104 (14.8%) patients. There were no differences in genotypes
for the six variants between patients with and without HT (all #>0.05). GMDR analysis revealed
that there was a synergistic effect of gene variant-gene variant interactions between rs3918242 and
rs3787268 in MMP-9 gene. Cox regression analysis showed that high-risk interactions of rs3918242
and rs3787268 were associated with increased risk of HT after adjusting for covariates (HR:
2.08; 95% CI: 1.34-7.85; 7=0.016). Conclusion Incidence of HT is common in acute IS in Chinese
population. The mechanisms leading to HT are most likely multifactorial. Two-loci interactions of
rs3918242 and rs3787268 in MMP-9 gene may confer a higher risk for HT.

KEY WORDS: generalized multifactor dimensionality reduction; genetic variation; hemorrhagic
transformation; ischemic stroke; MMP-9 gene
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MM P-9 3 H 64~ 55 3 #4345 15 &
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Non-HT HT

R (=601) (7=104) 2 f
AER 68.0 +15.3 709+132  0.042
B (2,%) 336(55.9) 59(56.7) 0.948
S8 (72,%) 63(10.5) 16(15.4) 0.159
I (2,%) 332(55.2) 57(54.8) 0.996
IR (72,%) 468(77.9) 83(79.8) 0.675
MRS (2,%) 193(32.1) 33(31.7) 0.998
1A (mM) 72£29 71+24 0.702
BRIMIX (cm?) 38+15 46+12 <0.001
KR EABERE] (h) 30.6+18.6 298+159  0.678
i (mmHg) 151.8+189  1547+162  0.098
FF5KIE (mmHg) 88.9+16.8 902+126 0393
ABii NTHSS -4 9.7+3.6 112+37  <0.001
A 3R (12,%)
Sk EEREfLIARIEAL  358(59.6) 50(48.1) <0.001
INERIRAE 152(25.3) 23(22.1)
O 91(15.1) 31(29.8)
FEBEIRTT (12,%)
K 2h 482(80.2) 85(81.7) 0.712
Ree if 24 205(34.1) 35(33.7) 0.999
HTTEZ5) 585(97.3) 100(96.2) 0.508
i i) DG 381(63.4) 63(60.6) 0.557
Faf H)PCAK + S e 182(30.3) 30(28.8) 0.836

Vo HT, HIMEEFEAL ; NTHSS, FEE B 7 PAEM R B A P K.

49/10 (P=0.019, W#E3) .

B I 73 Mrrs3918242 Flrs3787268 M 4 1if
SOANFEFEFE B A SHT AR LR
PIHEHTrs3918242TT Milrs3787268 AA ( Bf
AR BHERE AT IR, I frs3918242 0
rs3787268 94~ JE K 7 41 4 X HT () 4 XJ X
W, 4590, rs3918242 CCHIrs3787268 GG
(OR=2.68,95%CI: 1.22~5.67,P=0.004 ) .
rs3918242CTHirs3787268AG ( OR=1.92,
95%CI: 1.03~4.76,P=0.032) . rs3918242CC/
CTHirs3787268GG (OR=2.02,95%CI:
1.13~5.24, P=0.025) —FpELHEAH AR T
HTR AR (LFR4) , X =FhIE A4 &
S SCA R AU 32 B R R AR e SRR AR 4 A
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Eb R [1(%)]
w0y ey O
Rs1056628
AA 68 (65.4) 410 (68.7) 0.772
AC 28 (26.9) 162 (26.8)
cc 8 (7.7) 29 (4.5)
Rs2250889
cc 62 (59.6) 333 (55.4) 0.987
G 30 (28.8) 195 (32.4)
GG 12 (11.5) 73 (12.1)
Rs17576
AA 11 (10.6) 69 (11.5) 0.528
AG 37 (35.6) 236 (39.3)
GG 56 (53.8) 296 (49.3)
Rs 2664517
cc 104100.0) 601 (100.0)
Rs3918242
CcC 80 (76.9) 424 (70.5) 0.402
cT 19 (183) 148 (24.6)
TT 5 (4.8) 29 (4.8)
Rs3787268
AA 43 (41.3) 240 (39.9) 0.251
AG 22 (212) 173 (28.8)
GG 39 (37.5) 188 (31.3)

e HT, .

HIiLRN0.05M G FHE (WLF4) | & SRR
2 H I AL

P51 i KBS 58 B L I RLIS B HT A& A %
AH 3 4 A IR 52 L R AL ER 2 (22.0%
[50/227]111.3%[54/478], P<0.001) .
24 HTEERERHFZE S

K H Cox L A5 XUz A5 7 43 At Xt rs 3918242471
rs3787268 P 1~ Kk R sUAN [m] He PR Y 40 5 X HT
KBRS, AR 58 B R AL E R0, R XL
W22 HILRRIGE U1, SR BR, SR
S (AR . ABER IINTHSS RSy o O U5
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TRFE . DB, WA ), XA SEIA A R AU
A H RUIEHT & AR R Ak 7 B A F (HR:
2.08; 95%CI: 1.34~7.85; P=0.016, #£5) .
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TEARMGELE R L], SRR rA L
MMP-94 A 6w 2 81 SISIEHT & B
HHEME . (HGMDRA T /8, MMP-93 [
rs3918242 F1rs3787268[H /7 £ A L HAEH, X2
A RIS 5 e ARG 22 36 0 T HT 2 A 8 XU
HHET, MMP-93H 2855 aMISIFHT A4
A PRI T /0, i ELAE A i o ke Pt
XTMMP-9rs3918242 L A M 58 Kk B, CCH[H
RUFN ey CAEA FE N A HTH A AR & T CT/
TTH AR T IR B . R, —
Tk 7 b NS R 7R rs3918242 2 38
PSHTZ A SR, A5 A3 K 43 Hr . 1%
A K EMMP-94 K 6437 55 Z 8 YE S HT &[]
HAMEH, RN —SWERNTREN: (a)
WEFRENFEMIE2Z 5 (b) ISHHTRZ A EE
o BRI AL B e, R BRI - PR A
PR] - 56 PR EL AR R 45 SR 0, B 35 PR A7 0 0 A

Pl REAR D, EEAIAREPY, Mg,
BB B T AN H THTE 221 s %
Joa K I

A5 GMDRE B 7~ , MMP-93 [H
rs3918242filrs3787268 (7 1E A X HAEF , #E4HF
X R A S5 DR A7 A e XU 58 T 35 PR R Y TS fR
HT A 0 AU F 48 7 A XU 52 L 35 P 7R 5 34
T 2.084%, NAaEISEFEHT A A 1 7 1
M F . MMP-93[Frs3918242F1rs3787268
AH B AE 52 M HT & J8t: 1) 9 B AR BRI i A
4, BBBRYWR EHT A B RN =2 —b,
BEAEAT 5T B, il 3 a8 ik 40 i S0 MMP-9
ity v 30 R Dl R S R I R i 20 L A S
S BOM A P R 40 8 45 ABBB A B2, 1T
APEISIFEHTRE 7, MMP-941 6 F) 7T LR AR
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% 3 @i GMDR i ER HT =8, N E. X XWIE—E14M P EMILE
FeERR DU v i PIE S i 58 CRAE—Fbk: SR P A
1 0.527 0.623 9/10 7 (0.356)
1,2 0.618 0.718 10/10 9(0.019)
123 0.516 0.533 7/10 5 (0.765)
1,245 0.451 0.486 5/10 6 (0.927)
1,2,3,4,5 0.577 0.578 8/10 5 (0.386)
1,2,3,4,5,6 0.498 0.602 7/10 5 (0.459)
T BT 1-6 2 G H 153918242, 153787268, 151056628, 152664517, 1517576, rs2250889. GMDR, |~ L& [AF-Fe4E ; HT, HIMHERLL .
x4 HT EEEBRAEGHHEXE
1s3787268 AA GG AG GG GG AG GG, AG GG, AG
153918242 T CcC CT CC,CT CT cC CC,CT CT
OR 1 2.68 1.92 2.02 1.04 1.31 1.24
95% CI 1.22-5.67 1.03-4.76 1.13-5.24 0.97-1.73 0.92-1.96 0.82-1.87 0.74-2.28
P value 0.004 0.032 0.025 0.328 0.226 0.588
o DA IR R P IR E S R B E A 2% | OR, FRELLL ; CL BAE XA 1T, AL
%5 HT TN E & A Cox EYF5r 4
AN ES HR 95% CI P1H
AR 0.87 0.69-1.38 0.426
ABgiE NTHSS 3743 1.62 1.08-3.76 0.032
s 1 1.01 0.91-2.23 0.224
J B 0.98 0.89-2.01 0.157
U R A% 2E 231 1.48-8.35 0.006
e [X. 0.82 0.91-2.56 0.268
1o RS 228 L7 2.08 1.34-7.85 0.016

T HT, IR s NTHSS, S5 EE 7 DA R B A T s 1R, R ; CL BAF X | 8RR HR Fonfigin 1 MRz,

MMP-996 H, ek /4 28 1 45 46405« i A 5 s
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HFIHEMMP-9H H, 5 Il K MMP-97KF-AH
Sl MMP-9%E R 2 i - A 3[R 4120q13.12
SRR -, HEMMP-9%E 5% 5K
- MIMP-9N fiff 1M /57 240 Jif 411 Ji Jo 2 1 45 i 9
M4 A B A — A B AP I T I TCH Y
K> Ho%: 4 % SIIMMP-9rs3787268 5L (]
ZAMESICHAMRMG, JF] 5TIMP-1 (&8
BB LIS T ) R 225 M S0 A A
ER, BEIMICHARS . ik, #Edrs39182427F1
rs3787268 M > H PR a5 =y KURS: 58 TAE FH 3

HTXUES A AT BEAILHI A XS JE R 05 2 59
T MMP-9 % 5%, FEMMP-97K V-3 5,
HEMHBBB, MG T 2 kIS & AHT
1R RS

KBS RBRA . (1) BEAE A5 £ B
MMP-9 H Z &M 5 1 K MMP-9 /K- A
S0 B AR ST AT A 113 MMP-9 7K - 173
flis (2) HFREARLRFPA ORI, A&
WS R F T4 5 2 o ih o KEss
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PR EMTRIsE BEAER SHTE A MM, £
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