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fE E 3N AkE MTHFR-MMP2 EF-EE X BEERFR

EHB  AEE RER, L&Y Kiame' 282 LR 7 ERE 20X, 2R e TR,
SN, 3 A S A B 100191 Jb 50, JLHt A2 A M A 2B AT 5 DA G 2" 100000 Jt5¢, b
PN LR 42 v 5 100853 b st o [ AR A0 2 3 5 o 45 AR

(#ZE] HIY KR MTHFR-MMP2 J PR -3 R 52 BAF 2 75 5% i 8 1 32 20 k8 (abdominal aortic
aneurysm, AAA) (RS, J5ik BT 120CELHH10 BT 3T, DL 2011 -2014 45 ff 0 25 6 s B 1
HNEHE AAA B35 RIA R — P2 e S ATl B LU DX st 351 AR I DE C A Al AAA R 3 MR 45 2R
PRt ] A WS R LA N 122 B0RE i 52 R AT R A b PR 3R 5 T SR s A A I sl kol 75, JF R 5 mL
SN R IR LB IR A XS e R 43 B SR A% 8 Mo AL 2 21 T s A 46 25 AF Logistic [81H )™ L2 A R4k
(generalized multifactor dimension reduction, GMDR) |\ WaB = Hs 55 A 720 1 B %5 2% 2 77 125 ( EPlstasis
sparse factor analysis, EPISFA) , /3 SIAEAIINAC EAEF AT HAE R F |, %8 MTHFR 5 MMP2 3t
DR - PR A2 B A 2 15 532 Wil S8 I 3l IOk KU, O SR FH 28 B AR TR 01 1 I B8 (relative excess risk of
interaction, RERI) .22 H.{F F 3 A H (attributable proportion of interaction, API) | 32 H.4FE F 48 %t ( the
synergy index, S)3 FiFEFRITAMN MTHFR 5 MMP2 [R] (1% K- R 52 BAE FH G 7 m FR /N &55R% 2011 -
2014 AEFEGN A 155 2 1:2 [UCECHTHIXT IR (3t 465 ) o TEIRE PR &5, [R]INES 2 Ak RUBE R &
I MTHFR R:[R 5 MMP2 JE R 24 5 (1s1132896, rs1477017, 11992116, 1s243847) B GEfELETE DL
SLHAER(P<0.05) , 5200 AAA XU, FF7E 3 Fh 0 A J5 vk vh At 3 ik s 76 & 4852 BAE A |, GMDR Al
EPISFA $&75 MTHFR-MMP?2 [ n] BEFF7E m 4558 HAE T, B 8 m 038 Uik — Btk , HE5 R A A St
¥ 225 (P<0.05), &5 MTHFR-MMP2 Jt K [a] A] BEAFTEA5 ST AL A - 5L PR 52 HAE RS2 £ AAA KUK .

(X8R ] W ESIIKIE ; B H -5 PR 52 HAE R ; DRSS 1910 IR 5 52 5 AR AR 50 AR A Al A Al

[HEZESZS] RISL.3;R394.3;R654.3 [ CHARERS ] A

MTHFR-MMP2 gene-gene interactions may increase the risk of abdominal aortic
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[ Abstract | Objective To explore the role of genetic interactions of MTHFR-MMP2 in risks for
abdominal aortic aneurysm (AAA). Methods A 1:2 matched case-control study was performed on the AAA
patients admitted in the vascular surgery department of Chinese PLA General Hospital between 2011 and
2014, and on the non-AAA patients ( control group) with matched gender and age from both the above
hospital and a community of Fangshan district during the same period. Standardized questionnaires were used

to collect information such as demographic characteristics, medical history and behavioral risk factors.
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Physical and abdominal aortic ultrasound examinations were carried out, and 5 ml peripheral venous blood
samples were collected for genotyping. The interactions between MTHFR and MMP2 genes were investigated
using both traditional and machine learning methods, including conditional Logistic regression model,
generalized multifactor dimension reduction ( GMDR) and EPI stasis sparse factor analysis ( EPISFA).
Whether the genetic interactions affects the risk of AAA was analyzed and determined, on additive and
multiplicative scales, respectively. In addition, relative excess risk of interaction ( RERI), attributable
proportion of interaction ( API) and synergy index (S) were adopted to assess the direction and magnitude of
the genetic interactions between MTHFR and MMP2. Results A total of 465 individuals, including 155
AAA patients and 310 non-AAA subjects at a matched ratio of 1:2 were enrolled in this study during 2011 and
2014. After adjustment of covariates, antagonistic interactions between MTHFR gene and multiple loci of
MMP2 gene (rs1132896, rs1477017, 151992116, rs243847) were found on both additive and multiplicative
scales simultaneously (P<0.05), which could affect AAA risks. And the results were verified by the above 3
methods. GMDR and EPISFA results suggested that there might be high-dimensional interactions between
MTHFR and MMP2, with high cross-validation consistency and significant difference ( P<0.05). Conclusion

There may be antagonistic gene-gene interactions between MTHFR and MMP2, and the interactions may
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potentially influence the risks for AAA.
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i5 3= 3l k9% ( abdominal aortic aneurysm, AAA) J&
M AMRFE DL R Sl kg , HoE SO b1 1 3h Dk BE 1Y
05 B A2, 51 3l bk BE K A TR R IR T ek
>3.0 em A IE W MG HARK 50% ', AAA 7 HE
JER R A A A, BB I B O i B R A T R A
A3k 90% 7 b I A G I T EAE N . R 3 3
KRR S 3% 38t e VB B8 3 ] 11 PR 5% i ) A2 2 s
UL T O T S AL BE ATk 709% ', #E H T,
Z 0 4 3 R 2 o2 BE 1 5% ( genome-wide association
studies, GWASs) BILT 24 1~ 5 AAA XUG& A L Hmfs
P B IR JELIX B3y 5 AN B AR AR D A i AL
FEN TR A ¢ ol AL T T R IR -
A& EAF A I S b i B 5 23 5 s 403t % RS, HL
A TFERATER BB A I i L

MTHFR 5 MMP2 & J2& 5% i 8 3= 3l ke XU i
TP T SR, BEE AT S £ R SE B
FEIRFE L RTE AAA TR, B0 PO 2 A 1)
SRRV BR K, 1 5T NEEWE5E A9 MTHFR-MMP2 Jt
DA -JE A2 B AR 80 e, 2 T N RERT 5T
&2 MTHFR-MMP2 J& [H-JE K 22 HAER 5 AAA XU
PG AN, AR B R P PR HR
V. F 5 O & 18 1 R [A] (- methylenetetrahydrofolate
reductase, MTHFR ) B4% ¥ 12 22 2514 (single nucleotide
polymorphism, SNP) 5 AAA P KU A B (|
AT BEBF 58 16050 8 43 47 AE A — & T

MTHFR C677T 7£ AAA K/E Ntk gh 25 515 S ik
() E BT I, 5 A L PR A A 4 b R S B ) 58 B
YERT, BIAR R MTHEFR CO77T 1y ik PRl -3k PR 22 B AR ]
HN T i AAA i R BAT 28 3

MMP ZZJ A N 28502 5 2L 4 s 5 H
HAE N A TEE S F R E3E E , iE RS RN T A
FEMEA o L MMP2 S5 2251 AAA R
(ORI SE ISR A FE o LR AR MMP
I 5 MTHFR C677T Rl REMMFEIZ 5 T Hey /K1Y
e

VT AF A Ak PR PR 52 BATE Y J7 1258 T e, B
Logistic [H]IF4h, ]~ X Z KT 44k ( generalized multifactor
dimension reduction, GMDR) "*" kWi B L Fs g5 143
) WL 2% % 2 J7 15 ( EPlstasis sparse factor analysis,
EPISFA) ™ 45 WL 25 2% > 7 ik 1 R R A AN 58 T
Logistic [A] A5 AI7E T 5 48 58 HAE FI B I SREAS AL
[N SRR 4 i 2 52 st A% 58 HAE ARSI 23 By
JrESS R B B R TR

PR, AT 5% 2R T UE C 5 916 BRAT 5 1, >R
Z T 35t 4% 22 BAR 20 B J7 i (S5 Logistic 1] 7
GMDR \EPISFA) , 43 il 76 40 3¢ H.AF FH L A0 7 58 HAF
FARE b, #2% MTHFR 5 MMP2 [6] & %5 77 46 4 %
it 24 35 PR - 5 R 5 EL AR L e i = 0 ko XU, O T
ZF S HAE AR AR PF i MTHFR 5 MMP2 [i] %) £ [H]-
A HAE 7 I RN
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1 ZREFE

1.1 ARt

AWFFE A 124 (A DT JE 155 451 % BRI 5, LA
PERFAEIRAE M IC R 3 o AR T 2011 4R 7 A 2
2014 4% 12 F ¥, DA 04 B Bs Be h BE il BN A
AAA S5 B et BREA AR I 0 42, TRl st AL 571
L X BAR RO LR, g9 AL X 0 B IF 9T % 52, M4
PERVRIAE RS VCIC A B U], B0 AAA f85 50k B B Be il
DX 1) 45— 24 6 BRI 50 B D BCTE B — 4 T o
PRAABIETE B 2 W22 i 4 6 g . T A B
FEN G AUFE B E T I S E AR E . HEC
L E O R A S BB A W R AR T s A
HEAE (B AL S . 2011013)

1.2 R %

WFFER AL | B Be X B2 K Ak D% BRAT 1) 48 A HE
BRARE S NANS o 99 B 24007 59 AR TR0 S B B I 557
SPREAAA B AGERRIE: (1) 4FEIRRT 40 25 (2) &
1 3 ko A B AT LT Z 4 45 (CT) K & i 12
HETIEESINE; (3) A GOR AT S8 815 3 IF 24558
HEIR A . HEBRBRUE: (1) 12 W7 Ry B e PR I 3 3 ik
s (2) 2 Wb 4k kIR 32 30 o Cn A B S0
(3) A 7™ RGP s, MELABC A T8 & FUAR:; (4)f
PR IR s A B s M (5) A B
B

P e %) REZE (f R 1) 55 DR BR A (X B4 2)
WFFERTGR G — B AHEBR AR AE , AEdnifE: (1) 5
s I ZE S A PR A DC G, AR08 AH 25 3 B DA (2) &8
F BNk S SRS CT A, R BATAT AL AT A St A
SIEMINE SR (3) AR AT 58 A5 8 I 4 5%
HERIE A, HEBRARE: (1) B E3lkI 2 M 33
kg 4 E Sk B s (2) A REAR MRS Bl ik A 2K 5
(3) " E e B A B e VAR B s (4) B Eg
R PR B BREG , ANRETC A (0] Al A U 25 (5) 42

ﬁzl \%‘I‘iﬂ*@}%\%o
1.2 R 7k
L2.1 [REERA e — ik R RAA

JEWCEE T BORE SRS, A4« S AR S — A
WAL AR S K AR IR | L3 A R4 S mL
SN DKL T LR o B, A8 TG R e A B s
Belim R N R 2t e —FIlE AW . Bt
FERE I B IS A I BT o TR AL 36 — BN AR AL
18 PR S SRy s AT PR AR IRAEE SO B
I 100 325 P00 E SO AU 22 /0 4R AR
TR AR T 50 mL PG & 5o PRI iAS A

A FEAARI A B AR R L I 3230k
P B AR CT S5 5 i e 25 B R AR A1 J e ik ot T LA 3
A7 M7 AR D, 48 b 6035 I 75 7 49 (serum glucose,
GLU) , Hih =B (triglyce- rides, TG ) . ik IH [& B ( total
cholesterol, TC) | /5 %% & g & (4 fH [& B% ( high-density
lipoprotein cholesterol ester, HDL-C) {F%& & g 25 FH AH[E
[ (low-density lipo- protein cholesterol ester, LDL-C) |2,
88 H Al (apoli- poprotein Al, ApoAl) (X8 &E 1 B
(apolipoprotein B, ApoB) | # # C Jz I #5 1 ( high-
sensitivity C-reactive protein, hsCRP ) | [6] 2 24 bt & ik
(homocysteine ,Hey)
1.2.2 JEPRIRIRGIN Kz 35t 15 o m 1B 45 SR i e B
FRAS A 1 BT e i 4 JOHE [T 4 DNA ] S R4
ARy HG TR BRI 25 BR 2D AN ML 5 240 10 40 5
TEAE A KA RT T 8 G (R 8 1 500 8 O 00 s B
FHR: P BEEAT HY DNA ¥ Jo/K & B3 Uk DNA SOJF
DNA ¥ fi# T 200 wL £ i DY 20 1R — A 4% v i At
DNA JFiK o SR HEEIM3600 8 2 E DNA Tk ik i
MARE, B2 wL DNA J5k, B UV7501 #5500
JEASCIN R B E 260 nm 1 280 nm (15655 B 15K
WA B Ol (L) BHEA PR w17 56
ALY SNP BE R i 43 LR F AT I [R] BT i i, 4
-4 & Sequenom MassARRAY © K47 [B] o i Jik
PRI RGE . AW 5T R F AL Tl B O i W i - ¢
A s T JB i 14 e 25 1y X, 3 3 A DU S e 5 ) 5 R A i
S IW 1] 4 53k 2 S o Tl

JE T BRAE SCHR R IE , A 58 43 %) i T MTHFR
C677T (11801133 ), MMP2 ( rs1132896, rs1477017,
151992116, 15243847 , 15243865 , rs243866 ) ] B 4% T ik
ZAMEIAT T o3 AL o M 35 A4 K00ake o 4 o B v, HE
R AR TR 3 o i A T B o 67 e (1) ik PR EL A L R 2k
>10% 5 (2) X B v 55 3458 0 i AT A AIK (MAF) <
0.01;(3) X 4 o Hardy-Weinberg ~F- £ i) i 35 fii 22
P<0.05,
1.3 %o

KM Epidata3. 1 @57 8 1, I 24T AT A
BiAr . T RS (Version 3.5.2) #EAT G700 #T o
X TAF G IR I3 A0 1Y 1% 2 RS B oA R x+s R,
Xof T AR IE 25 4 34 SR AU AR A SR R L B Y (3 4
[E]#E (median + IQR) K75, 2H 8] bb 4Rk AT AE 2 8K
Wilcoxon JSM K35 3 7338 GORE Y 20 A 1 T AR S 3 55
Mo RFEAT Logistic [ AR A2 ] Bp A 5 (9 52 1), #R
RWEER R IS B A Gt w3 LsRiE AL
HIH P AR IR B Ge it o 35 P4 W 2 5 A A R
B HAR  Lhsfe i A2 B OR Al S 95% mI {5 IX.
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[F1) DT o 12 52 B TR J 1] SRV o FENN A8 BAE
RREMER R SE HAE FB A G K B (relative excess
risk of interaction, RERI) 3¢ HAEFIH A L (attributable
proportion of interaction, API) . 38 H {F FH #5 %% ( the
cymergy index, S) HE 6 1 ¥ 38 7 A FR A9 7 161,
Assmann 4§ [ Boostrap Percentile Method (8] 3 F
Bootstrap 7512, AVCEC 2 5 BT, i#E4T 1000 Y55
AP RFE, DL 2. 5% J 97. 5% 43 v 5 R 46 Fr 1)
95% Rl DX I8, At 3 A sg BAE PEO 45 05 09 AT A5 X
(], S T T 2 A5 A7 AR e T2 0 ik 22 BAR
AN, IR ) L2 R FE4E(GMDR) A W B A
Gt A1 AL & 27 21 7 ¥ (EPISFA ) S 7 12 1 by A2
IR AR R . Gt oe g MoK iRE
4 0.05,

2 #R

2.1 BrRATFARKAE

R AL S 4 155 41 1 -2 DU L (1) 05 151/ %) B, 3
465 N, R B4l 55 Pk 138 A (89. 0%), &t 17 A
(11.1%) ,4FE#5(69. 2 +10. 0) %, = B xf 20 5 4 X
X HRAL B 5% XT GRAF1% 53 531 R (69. 6£10. 9) Fl1 (69. 5+
9.0) % o WCHHFNRIG AT A 7 151] 5 % B 2 8] 1 43 A
ZFA G L (P<0.05,K 1), MR B AAA (1)
XU MR AR 1 7. 72 £5(95%CI ; 3.95~15. 06, P<
0. 01 ERI /& AAA fE R 2 IR RS AAA XU
FMAVIGE 1 1. 61 £5(95%CT:1.07~2.43, P=0.02),

251k S DR ERCHE I S o, g8 A MTHFR C677T
(1s1801133 ) , MMP2 ( 11132896, 151477017, 131992116,
1s243847) 4 5 4~ SNPs, XFHAZ{ 31X 5 /> SNPs ¥ 4F
4 Hardy-Weinberg -7 ( P>0.05) , X 5 /> SNPs [l A
[F) S5 DR Y 7 9 (91 2L FOG BRZHL B A A an e 1 T
AWFFE 4> HI%F MTHFR C677T Fil MMP2 J:[H |16 5 4
SNPs #1712 A & 251 Logistic )443 87, %4> SNP
) 55 A AEA D UM B30k g AR FE4R ] 1 A,
TRZEH RGOS , MTHFR C677T il MMP2 KL |1y
5~ SNPs 7t 37 F 200 8 8 T G it B E (P<

0.05),
2.2 JREEFH RS H =4 MTHFR-MMP2 3k B - 4% B 5O
ZAER

TETIE A HAR FIBFSESR T, 2% 1 Logistic U1
RIYEE S U2 & 5 B 78, MTHFR C677T rs1801133 5
(1 MMP2 S 9 4 4~ SNP i1 — 458 1 AR FiT ) i
FIGHHE25 (P<0. 05) Ttk S I OR fHH<1,
L7 P R 7 A 5030 A, B A
IR, L 2, MTHFR 1 MMP2 355 035

PN FE TR SR, Sl 7 T AAA K
5% 5 204 Pk DR 5353 B4Rt 0 35 DR ] ISP AR I, P DI 0
HI55 T HA& B AR PR X AAA KURS: (19 520

R1 PRI FERFE

P 114 i HE 4
it o5 ey P
P
L 138(89.0) 276(89.0)
%@ 17(11.1) 34(11.1)
AR 69.2 +10.0 69.6 +9.6
WA 132(85.16) 167(53.87) <0.001
eli) 79(52.67) 131(42.26) <0. 001
G &0
Hey" 19.30=10. 90 18.42+8.98 <0.001
HDL-C* 1.02+0. 39 1.20+0.28 <0.001
LDL-C* 2.77+1.25 2.69+0. 70 0. 095
hsCRP" 0.28+0.92 0.210.13 0. 009
GLU" 4.93x0. 81 5.90+0. 80 <0.001
SBp” 131.00£25.00  138.00+31.34 0.003
DBP" 77.00+12. 00 80.50+11. 96 <0.001
GIE
LR 53(34.19) 80(25.81) 0. 059
IR 108(69. 68) 143(46.13) <0.001
BE PRI 18(11.61) 46(14.84) 0. 341
S i i A 29(18.71) 31(10.00) 0. 008
T I kA 2 51(32.90) 51(16.45) <0.001
FEH T
MTHFR C677T
rs1801133
TT 45(30.00) 117(38.87) 0. 089
TC 76(50.67) 121(40.20)
cC 29(19.33) 63(20.93)
MMP2
151132896
GG 94(61.44) 204(66.23) 0.251
GC 50(32.68) 95(30. 85)
cC 9(5.88) 9(2.92)
11477017
AA 74(48.36) 146(47. 40) 0.778
AG 63(41.18) 135(43.83)
GG 16(10. 46) 27(8.77)
151992116
cC 75(49.02) 155(50. 00) 0.230
CT 60(39.22) 133(42.90)
TT 18(11.76) 22(7.10)
15243847
TT 59(38.56) 97(31.60) 0. 166
TC 66(43.14) 161(52. 44)
cC 28(18.20) 49(15.96)

a: xxs;b:M£IQR



http : //aammt. tmmu. edu. cn

=R R EAAR,2021,43(12)

1121

AN AEIE S AR RIERE T, A5 AR
MTHFR-MMP2 J& K- 5 5 52 B AE I B L APT<O (5%
KA—0. 837, Fe/IMIE—0. 465 ), B4 3 15 3 30 fiog o 1)
Ha] I T MTHFR-MMP2 35 PR - 55 X 232 BAE F Y L 5]
¥j<0; 522 H AR FIHE B0 S< 1 (RIVH A [7) i 4 FH A
RAONE 5 7 B PR <7 A FH s () 3000 2 AR A < 1, R B
TR 35 R[] B B 18 007 < 79 35 PR 0 7 A F e A 8 i
ZH) K AL H AR AUG R B RERI<O (P AL (K [F] R
FH IS A AR5 -5 19 5 PRI <7 TS ) 3800 2 TR 2206
1) 5 R —3, H 3 FPHEFRZE Bootstrap Percentile Method

THELY 95% T {5 X ) 1 2 5 B oA R i 2 ( RERT 5
APT AR 14 A 0,S M CAURIZR LN 1) o 45
$&75 MTHFR-MMP2 [8] /] BEAFEFE P12 AR, 52
N 2 3 Bl KR i XU

AR T WAL 2R 2% > 535 GMDR ¢ EPISFA
gk [ B FE 7 MTHFR C677T rs1801133 5 MMP2
LA HAR L PR AIL #5212 28 SCBiE — B0
B, HE R R T ot 2R, Wk 3, iP5
HE T A FE AR H A B MTHFR-MMP2 J& R - R 52
HAEH .

K2 BEEFEKERN 4% MTHFR-MMP2 £F-EFZEERA
MTHFR-MMP2 B OR 95%CI P RERI* ,95%CI" API®,95%CI s',95%CI
151801133, rs1132896
-1.472 -0.837 0.340
1801133, “C” 47 1. 1.123-2.302 0.
1801133, *C 0.478 608 372302 0:009 ;) gat—0.511) (~1.351~-0.668)  (0.292~0.547)
151132896, “C” 0.964  2.623 1.380~4.988 0.003
51801133, “C”-rs1132896, “C”  -0.877  0.416 0.231~0.749  0.003
151801133, 151477017
~0. 659 ~0. 465 0.387
1801133, “C” 0.455  1.576 1.064~2.333 0.023
® ’ (-1.394~-0.429) (-1.008~-0.241)  (0.299~0.602)
1477017, “C” 0.405  1.499 0.946~2.377 0.085
1801133, “C”- 1s1477017, “C”  -0.512  0.599 0.387~0.928 0.022
rs1801133, 151992116
~1.434 -0.797 0.358
1801133, “C” 0.591  1.806 1.206~2.707 0.004
® ' (-2.933~-1.076) (-1.183~-0.549)  (0.195~0.581)
1s1992116, “T” 0.887  2.428 1.263~4.669 0.008
51801133, “C”-1s1992116, “T”  —0.890  0.411 0.229~0.736  0.003
151801133, 1243847
~1.419 -0.643 0. 460
1801133, “C” 1,076 2.931 0.949~9.056 0.062
s ’ (-2.054~-1.197) (-0.889~-0.424)  (0.277~0.697)
15243847, “T” 0.529  1.696 0.594~4.847 0.324
s1801133, “C”- 15243847, “T”  —0.813  0.443 0.271~0.725 0.001

®3 NBFIFERIEMEESER Z % MTHFR-MMP2 £ F-ERZ EER

Logistic GMDR EPISFA
MTHFR-MMP2
Pror interaction Pror interaction & SURIE—BhE Pror interaction R SURIE—B0hE
rs1801133, rs1132896 0.003 0. 009 9/10 0. 009 10/10
rs1801133, rs1477017 0.022 - 0.028 9/10
rs1801133, rs1992116 0. 003 - 0.035 8/10
11801133, rs243847 0.012 - 0.014 9/10
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2.3 JEEFH AR 69 3 4 MTHFR-MMP2 25 -4 B

AR

P 1l o A2 it 5, A B 5T IR B & T GMDR
EPISFA [ Fl Bl %8 2% 5) 5 %1 % ¥ MTHFR-MMP2 3t
(i) W] REAEAE = 4EFE - R A2 B AEH . GMDR i % H
) MTHFR-MMP2 S5 U7 Sk = 4 FE R -6 PR 52 AR 7Y
(rs1801133, 1s1132896, rs1992116) ,i% 3 i S 40 & 4F
EPISFA BRI rf i 45 2] T 35 UE . P FP L5 27 2 A 70 A
2 = 4 L PR -3 PR A2 AR 38 SUIRIE— B0 (33
7/10) , HFER B T 5t 22 5 (P<0.05) , L3 4,
MTHFR-MMP2 J& K 2H 544 iU 4 A7 588 (rs1801133,
rs1132896, 11992116, rs243847) 7 GMDR Fl EPISFA
B RSB B G242 5

F4 BEEHEHE%E MTHF -MMP2 £E-EE X EER

MTHERMMP2 25 2 S P o gy
TR o om
Tlooaite, s 4 OWRo0se 50
:128;?2 S 0.044 7/10
rs1801133, rs1132896, 4 EPISFA 0.072 /10

151992116, rs243847

3 itig

J¥5 3= 3l kg 2 ™ R A A R e . IR
F B L B AR R, R T 65 & AR
M ZE IR N 2 — , 3 B™ B 1 28 2 A 2 1 4
IR R R N oA %% X, MTHFR 5 MMP2 3t
PRI 5 W R 0 Dk R XU ) o e e R
SR, REAET I8 K 22 i3 o 37, 28500, R FH SE B0 45
R A HAE A AAA /e, 2T A BRI
219 MTHFR-MMP2 JE PR -3 R 52 1 AR FlE s 4
AHFFERA 1:2 DCFC A 61X BB o 3 T (3 465 ),
[ B FE e vk A2 ROBEF & ¥ MTHFR JE [ 5 MMP2
LR T BEAFAEAE BUAC ELAE T, SE MR AAA R FERUES:, Jf:
1E 3 FPA3Af 5 3 b A% L 56 IE ; L 4h, GMDR I EPISFA
P78 T MTHFR-MMP2 [i] o] fE A7 16 = 4E 58 BAE A, L
BRE ALk —2bE, HE5 R BB Gl 222557
AHFFELE T IRAIR R IR 5 IR B LA
TR E Sl ko i & AR L KR Bl R B 1) 5 4
PEIFIT LR R

AHIFFEAERR N AH 3 P A 22 B AR AU ROEE N R

Z MTHFR-MMP2 [a] 3 K -3 R 52 B 7F R 2 A5 5 0 S
F Bl kg KU, IF L T2 HAE R VEM e bl 4 22 B4R
PRI AR /N i PR PR 52 B A FH 2R B A B
D PR X 2 R 30 A 1R PR AS ) T L s R R
ROTHMAN #5122 32 1 A 1 43 R e i 5 EAR
AW FALHAEMAIL DA EZEAEM ., Gt #5EH.
VR R H HETAR I A S P Al RUBE 5 oy, by A Sfe i 7Y
Kk 7, 2 H R N Sz i R HA
WEIEE AN Hoxk Wy 2 58 B AR TR 3 - VR T A
BRUE R, MR R A A BRI A AR BRI
SEVT RN A g, {H O GE T AR R A W) o S8 B
RN AR AU, R - R A A LA
BIAVE FH ML AT LA 43 A P3[R 32 H. (synergistic interaction )
F14E5 H1 3¢ B (antagonistic interaction) ', ROTHMAN
R TR AW A HR R RTSE T , AlE A AS B
FHEEPR I PE S5 AR B2, NGE T 2% 58 TR 7R AR ) o
RHMERT o W WA T AN FE AR s S
VP 00 e I B2 L 22 BLAE T B L 52 B AR 48 4
A AT IE DA AE 16 B A R 3% 0T LA R
A Ay T SR I R s B AT B ) AR i 22 EAR R Y
EIEEGIVERVNCR S /L S-S QITE 5K (1T R N
SR FHIDCIEHR i BRBETT , SR Z R0 GE T 7512 , W) 73
HrAHR AR N 22 B RS MTHFR-MMP2 J R - A 52
HAE R ABAFAE , HAFAER Iy 0] SRS, N2 S JE VT
Hr MTHFR-MMP2 J [A - 5L PR A2 B 7 17 3 5l ikgg KU o
MFER . TEFRIESE HAE FIPFFERESE T, 2544 Logistic [A]
IHFE R R MTHFR C677T rs1801133 5 {y; T+ MMP2
FEIH B 4 A SNP 9 4B 52 5 AR T3 O 1 1) e i 58
HAEM(OR fE¥<1) , HEA G 25 (P<0.05),
7 ] BRIk PR () A7 A2 45 50 58 BAE H, 52 i 32 3l ik
TARY IR o AWFIE AEINEE RE T 3k 746928
HAERRIT 18, EAMFE AR, MTHFR-MMP2
PR -5 R A2 AR I IR B APT<O, BV 43R i = 3 o i
B rh AT ) AT MTHFR-MMP2 BE R -3 R A2 BLAE TR E
<0, &2 HAEHFEE S< 1 H.38 TAF #5016 K
JiE<0,3 FPFN 8 b5 1 R %58 BAE R 7 10 A 45 Hi A8
Ho RT3 A2 HAE IG5 09 AT A5 ], A8 50 R H
Bootstrap Percentile Method Xf % #& 447 1 000 % & %
B ASSMANN ZE1725 0 BF 55 42 7%, 2 Bootstrap
Percentile Method fili T4 A 55 X [8] 7652 H.AF I B PF-
b ECA AR RS E PE. 3 AP 4R A5 & Bootstrap
Percentile Method 134 % 95% B] {5 [X.[a] 24 A I # TC AL
B (RERT 5 APL (1 oA Z S 0,8 (1 TE Ak
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W R 1), REASHIE 5 [5] B 26 A8 0 A e RUBE 1 & 30
MTHFR-MMP2 F K -3 [ [6] 0] G877 76 15 bt 5 B AE T,
SR TR RN 3 Bl s B4 XU o

A5 [ R 28 ML 25 Logistic [9] 15 5 3 AL
#r2#>) (GMDR |~ L Z [HF[44E EPISFA) HFR 516 +
S kIR FEG XS AT S AR 3 DR - 35 DR 32 A T A 22 g
P o AT R T A5 2 1 285 SR 1) T A L8, A
T — B o AR B B AT P, SRR - SRR AR
VEFAZOSEAB ARG B0 (e 7 i 2B mT LAy g =260
SR RO AT Logit BRI G it i, kA
SEHAEHIAT LR K Logistic [ 9 H (1) 38 H A FH 5,
J& H AT 2 B0 IR -3 TR 52 BAE AR ik o AT
FEAEMAER TR T 4514 Logistic [1] |4 #£2 MTHFR-
MMP2 B EFFER - H L HAEM ., 8 K5 &
SRS TG A R H R AR IR AL AT
5 2R 500 2 D) Ay 35 R -3 PR 5 A R3O0 A5 B A
UYL SRR S G, e R
U2 [B] %) Pearson #H¢ RELHY K/ R LR -HE PR 52 HLAE
ARG . AR ARG EPISFA 5571 Bl AR 5 it
it TS - SE R 2 HAR TR R, LA sp i
B FE PR A S A, 3 35 B L 22 ST HE SRR
B - EAER . 5B OnEARR, B
BLAR 2 2 5 A BRI 2 2 A7 s 5 R R 22 [ 1) 6
AR R, 1A FH B AR R 58 A8 1 22 ] ) DG 1
JRo BEAM,LOU 22V 42 H By GMDR ) SCER kAR Y
(M5 | BN 2 7 e v, mTFE A T3¢ T AR FH Y TR
W ADME &, TR R m A HAE, A T
Logistic [l )RR A 3158 5 428 B A FIES I RCREAS 2
HHi GMDR CL 2830 ) 12 W FH 0 ML 48 S0 RS i
TS5 A R R B S AL BF 5 v T EPISFA 5 vk K
B XIANG 2512 5 ] EPISFA & 3L T 6 Xt i fig 5% i B
M o 2 v i 22 PR -3 R A2 A 7 2 Rl R R 75
B 7 AL HAE PR 4 55 0E ; (B AR I8 3 3 o 45Uk i T8
PR N, ELA N e 28T 0 TR IR R N (L
TEZYE B AR BFSE & B MTHEFR 2K 5 MMP2 3
1 AN A5 R 1 22 BAE RS PLRE M T AAA FE X
Fi(P<0.05), JF 7€ 3 F o M 7 i i L 56k, A
GMDR Fi1 EPISFA [#38 S5 iF 45 5 35 i 7= 3¢ B AE FHIE
P 8 s 1) —BbE; 1L Ah, GMDR Al EPISFA 48R T
MTHFR-MMP2 151801133, rs1132896, 151992116 {3/ s
A AT REAFTE = 428 HAE Y, A7 7R3 15 1 38 SURG 3 —
bk, HHA G #2257 ARBEE TR EUY 3 Fporpris
RN S o BT HEZR K, 19 81 T — S8 i 1)

WF5E45 R, $i7n MTHFR J£[H 15 MMP2 (8] 7] 47 16 5
DR - [R5 A A TS AAA RO UGS

UTAESR , Z I IEYE 378 MTHFR 5[4 5 MMP2
BN ENE AA R BEA L HIT TR E
HAERBIFR R AR ISR A . AP R
JHI 1 =2 DG it 1) %o B 31 % B MTHFR £ K 5 MMP2
SR b AN A 1A A8 AR AT DU T AAA %
K (P<0.05) . %Al g 5P H IR 25 T Hey
KPR 520 i Hey KV B 2 2005 & B
o AAA ST fE G 2, SMALLWOOD %17 JE 2
YUK 525 WLEE £ 7E miR-516a-5p i #1557 , MTHFR
C677T 5 MMP 5 j 3 [H [Fl i i 28, 72 5 T Hey 5
AR, T SO 25 1 Bl iy S I T o B
KB Hey Ji , 513 MMP2 35 P2  FETT 20 AAA
(19 XU o

AHIFFE R PV FCHR -6 FEAFF S 51T AR0 A 465 A,
R S AE ik A e sc BAE IR B RE T, R 2 F0
Hry it MTHFR 5 MMP2 i -3 K 52 545 ] J T
BRE A EIGUE . A 5% [F) Bp e SR v AUk RO T,
J B MTHFR 2 [H 5 MMP2 3 [N 0] REA77E R 538 HAR

SO AAA SRR XU , A R AR A+ A BERIFSE

TIRES X4 A BT
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