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e RGOS AL [ DNA F AL 5
S Fk o R A P St P A 2 R A S AT 5

TR, B, T FHm 2 B s Xk, e de '

FE B TR0 e U A I DG B DR 3 08t A% 2% U2 55 DU A BEBR MM A (IS R G R .
3% R R G- BB B, LAh BRI AR RE AL M AT FE (ATS ) SR 30 611 A9 (1201, ) 3405 ) SO ARG B
30 %F HRZH . Sk H A9 R (SRR i S Kb 19 DI — B350 2 A0 8 X380 1) CpG & X, 4l F 3 30 B i
B ELHEN Y B A TREAS DNA FHRAL ARSI, 32 HI PR 35X Logistic 915 43 ASnill 2 41 5] DNA H L4643
fiZest, G55 PEELEE-B-5 B (CBS)FEH 44~ CpG & [FIWEPEAE & wr , Bas H 324k 4341 5 5,10-30 HT 36 0 & i
PR AR J5 i (MTHFR ) £ A 24~ CpG i 5 2 BEER A AU (MTR) KA 14 CpG & o Z5 R R, 2 413X 2 3
A CpG 5B A & B DNA F AL 0L . 4518 : A& & MTHFR A MTR 2K DNA F Ak e 48 5 105 A
ATSHHK,

KW TG A DNA B Ak 1 e SR A i 5 5, 10310 R 6 0 S 12 50 i 5~ bk 21 5 ok
Tit s JHERR I -5 FIC

FESZES R741;R741.02;R743.3 XEAFRIZAS A DOI  10.16780/.cnki.sjssgncj.2019.03.003

AT % %%, B3k, B P, 45, 2B RIS G BRI P DNA F LA 5 Bl ks b B8 A 14 dple 1t A o 4 v A A 6
TFFE[]. P& S ThRETE 2, 2019, 14(3): 116-119.

Relationship between DNA Methylation of Key Enzyme Genes in Homocysteine Metabolism
and Atherothrombotic Stroke HE Fa-yi'"’, NIE Yi', LUO Dan-yang’, YAO Qin', LIU Guang-bo', LIU Hua'*.
1. Department of Neurology, Yanting People ’s Hospital, Sichan Yanting 621600, China; 2. Department of Neurol-
ogy, Nanchong Central Hospital, Sichuan Nanchong 637000, China; 3. Department of Neurology, The Third Peo-
ple’s Hospital of Chengdu, Southwest Jiaotong university, Chengdu 610031, China
Abstract Objectives: To investigate the relationship between the epigenetic alterations of genes encoding the
key enzymes of homocysteine (Hcy) metabolism and the risk for atherothrombotic stroke (ATS) in the Chinese
Han population. Methods: This case-controlled study enrolled 30 cases with ATS and 30 healthy controls. The
CpG islands region of the targeted gene (5kb upstream region to exon 2) was identified. Detection of DNA meth-
ylation was accomplished by sequencing bisulfite-altered DNA. Univariate and multivariate logistic regression
analysis were used to detect the differences in DNA methylation levels between the two groups. Results: DNA
methylation analysis of the cystathionine-f-synthase (CBS) gene was abandoned because of the high homology of
the 4 CpG island sequences. There were respectively 2 and 1 CpG islands found in the 5, 10-methylenetetrahydro-
folate reductase (MTHFR) and methionine synthase (MTR) genes. However, no change in DNA methylation lev-
els was detected in the CpG islands of these two genes. Conclusion: Our study suggested no significant associa-
tion between DNA methylation alterations of the MTHFR and MTR genes with ATS among the Han Chinese.
Key words epigenetics; ischemic stroke; atherothrombotic stroke; DNA methylation; 5, 10-methylenetetrahy-

drofolate reductase; methionine synthase; cystathionine-f3-synthase

A< A (Stroke ) 2 58 — A e i UL
FBET D R VRIS — (57 52 M 475 5 R A A AT
FEAR Y B P R AR R & A AL
KMEA (1.5~2) E 7 A, ki ifn 8795 8 BRJ&
JE BB LA R ki PE A5 P (ischemic
stroke, IS) 5 T A7 A< 1 1) 43.7%~78.9%", H
RIREAT BRI L =, IS B B
Eﬁt”’r e B0 Tk ok R R Ak A T R R

T AL AT T B0 TR sh ks A
AR GBI IR . 10% 59 AFE AT L pe [ 2

Bt Z R M4 (hyperhomocysteinemia, HHcey ) ,
Ja & S kAL B UIAEOC . [R) Y i
%2 (homocysteine , Hey ) 7K - T 1 8 i g 1fin.
P JIE 55 AN A B XU . HHey 7 L4579
I HH Y AR ML T RES DNA H LA K, 5
Hey FEMA Mk A A DNA H ARS8
135%, IF HIG I sh ke A ny ], 5,
10-37. H L DU SR 38 i i (5, 10-methylene-
tetrahydrofolate reductase, MTHFR) . 2} Jjft 2
I 4 A (methionine synthase, MTR) Fl1 b fii
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fisk-B-& K [ (cystathionine beta-synthase, CBS) J&F bt
RARUIRFR 3k . TR B 5748 i 5 34 g
T P A A Hey e B2 2022 ™', MTHFR &P 5 3l
DNA H AL S B0l iy 238 T 98 G PEDAK . mT 0L, 78
Hey A} Ao BEAR B R b, FU08 15 22 1Y el 28 AN fig
2N

SRy SRR fiff b IPA 3545 DR 21X IS A sE I, ASBIFSE LA
b [ DO BN Bl Bk ok FE A AR i A8 T AR i A SE
(atherothrombotic stroke, ATS) i %} £, #1} MTHFR .
CBS FIMTR [ DNA HIBEARIRDL

BRERHE

L1 —f& 34t

12 VLRI #5 D] 0728 5 (copy number variation,
CNV) W58 B9 R A IR AL 8 B ATS S8 35 30 1], B i
FE20124F 1 H 2 20154F | AfEdhss B AR ERE /g 78
R B2 BE AR 28 N RRZESE A BERYT 19~70 % BTUE IR
IR R IS B (WHO ARIE) | BRI E 2 B I, 756
HRE BT T MU TOAST 43784 ATS 37 A (iI4 , 3 1 i)
T F  HEBRAE & MR SE 5 0™ B Iae A
4 O M e FL T e Y AR . MR RS
FAVAT U P 3] DG P e e A E B 1 JRE 30 3 %o LA
i PR30 B A4S A A 0 TC AR 28 R G0 o
1.2 7k
1.2.1 I DNA $2HU B2 i35 Mk IR e B 5 i Jok
I, 5 A afn 782 32 P9 21 DNA 42 BGR 57 £ (DP318-02/03,
T T4t 5 AR AE AR A R 7] 42 Uil DNA .
122 FHRHEMERE CpG & X Ot AL
T H AR (A L7 S kb B X IR — B 255 2 /0
T IX3) 19 CpG & X 38 ; @CpG & X : F B K E =
200 bp, G+C B & 1 =50% , CpG A% H R 1 SE bRl 8%
HS IRt = 60% (% S0 .
123 W ALK DNA B A 2 & WA R R
(Bisulfite) b 385 , AL A MRS IE (C) PRFFAE (HE
FH 5 1 B s e 2 A R s W , Ak 38 1Y) DNA AR Al
TEJG2E PCR ™, HH AL M ms e AR, fH A FE Ak R s
WGE A8 R R 5 W, 3 2o 0 T LA 4 o g e Y A7
i, IExT AR LL B VE R 2D 2 . ODNA FEAT
EZDNA Methylation-Gold Kit ( Il F 3% Zymo
Research 24 7] ) il & i 1T i AR Eh b ¥ . @PCR
JIE o FOSARFRR 20 pL, 34 1% GC buffer I T H
7K Takara /A ] ) .2.5 mmol/L Mg®* 0.2 mmol/L dNTP %
5% (% 1)0.2 pmol/L . 1 U HotStar Taq polymerase
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(14 T Qiagen A F]) .1 nL A M DNA, PCRIEHF2
JF 55— 95 CHIARE 2 min; 55 =25 2 11 AME3F, K
I 94 CAEME 205,62 °CiR 'k 40 s(FEi% A4 38 h A4~
TEI AR 0.5 °C), 72 °C ZEAH 1 min; 55 =412 24
AEER, 53 02 - 94 CAEPE20 5,56 “CiR k305,72 °C
FEAH 1 min; 550020 72 CAEAH 2 min, S5 IRFFE4 C.
PCR =¥y 2iifk. . di il SAP F Exo 1 #£47 PCR =¥ 4iifk .
1£ 8 uL PCR =4 il A 0.5 U SAP i 14 U Exo 1§,
37 CHFHE Q) 60 min, 285 75 CHER 15 min, 4fifk
FER I, WY B A BT RO AR FR B3 pL BigDye3.1
mix,2 pL MF 5147 (1 pmol/L) , 1~2 pL 4fifk, PCR =4
IRAT,96 CHUALTE | min Ji, J& 28 MEF , 4R
96 CAEM: 10,50 CIE K 55,60 CHEMH 4 min; g5 {#
FE4 C, MFE4  ABI3730XL M A, I ¥ S
H Codon Code Aligner #4537, 456 N T AL 5%
Jr B 2
1.3 %itFaE

K HH SPSS19.0 {4 b PREICH , 11 5k A (3 80+
PR )RR, ok s THECTE LR H K 06, 2R PR 28 A
Z It InlH s Hrke I fa s R 2, B8 oA b P<<0.10 7Y
AR AN A A BEAD (i A3 L (OR) L H: 95% P {5
X [H] (95%CI) FR/s ZE A B 5 0=0.05 A 35 7K 1

2 R
2.1 24— A A

2 AR AFHE  BMI B FRES E  iifg S8
HASE AR 22 SR GETF A SL(P>0.05) R4
I A9 5 T 6 BB 4H (P=0.028) 5 22T Logistic 1]
TR, G VRV RS 2 A LR A 22 5 4
i L(P=0.035), W2,
22 FRALHHT
2.2.1 MTHFR MTR.CBS =K CpG & 15M, @O
MTHFR J£H A 24~ CpG &, B/ 3 S FE A m] DL
i K 371(4 920~5 290) , K & 236(5 502~5 737) ;@
MTR KA 14~ CpG 5y, 34N 5 [ b nl A7 o5« K
1 060(5 667~6 726) ; BCBS KA [AlkE2 41> CpG 5,
TRIEEAR R & TG KR 233(4 392~4 624) , K
& 685 (4 678~5 362) , K & 678 (5 411~6 088) , K i
878 (6 106~6 983) .
222 24FEA H LR AL A SS X R4 AN
99 91 2l ) MTHFR M1 i B \MTHFR M2 F B .MTR
M1 A Bf \MTR M2 Bt \MTR M3 i Bt &8 4 il bn Ay
A B AR B
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1 % CpG B PCR 514

. i Ge Ha 3HE ,
WA RE he ww maes maees O el (e
MTHFR M1F 23 61.06 47.83 2 0 8.2 GGGATTGAGATTAGGAGTGGTTG
MTHFR M1R 22 60.18 40.91 2 0 7 CCTCCAATCCCRAATAACTCAA
MTHFR M2F 24 59.65 37.50 2 0 8.4 GTGATTTAGTGATTTGGTGATTGG
MTHFR M2R 25 58.88 36.00 3 0 6.4 RCCAAAAAACCAAATACTACCACTC
MTHFR M2F2 25 59.12 28.00 2 0 6.9 ATTTAGTGATTTGGTGATTGGATTT
MTHFR M2R2 28 58.60 39.29 2 0 5.4 CTACCACTCTCTCAAAATAAACCTCTAC
MTR M1F 27 58.35 25.93 6 2 AAATTTTTAGAGGGTTTAGTTGGTTTA
MTR MIR 28 57.58 35.71 5 0 CRTACTATAACCTCCTAATCCCTAAAAC
MTR M2F 29 58.71 31.03 3 2 5.6 GTTTTTGGTGTYGGTTTAGTAGTTAGATA
MTR M2R 25 60.81 36.00 2 0 8.2 ACRAAACTACATCTCCCAAAAAACC
MTR M3F 23 61.57 43.48 2 0 5.7 GGGGTTTTTTGGGAGATGTAGTT
MTR M3R 28 58.66 28.57 6 1 7.2 CAACCCTAAAAAATTCTAATTACTACCA

7 : MTHFR &R I MTR #~3E H 3 34~ CpG 55 (I PCR 5[4, CBS JEH AT 44~ CpG &, i T AR & & , S5 iGT

2 2N IARRIE Rl R i EE AR

1 ik P Eﬁ@/ BMIi fR ML/ WHPRI/ Mg S-#/ W2 AR/ AR/
(%, xks)  (kg/nn’, xks) 1 il 1 i) il

XHHEZH 30 18/12 59.07+7.76  23.64+2.27 16 3 8 13 7
WA 30 15/15 60.53+8.49  23.51+2.99 24 2 13 15 13
PlE 0.436 0.488 0.848 0.028 1.000” 0.176 0.605 0.100
OR 0.667(0.240~ , ) 3.500(1.112~ 0.643(0.100~ 2.103(0.711~ 1.308(0.473~ 2.513(0.826~
(95%CI) 1.854) 11.017) 4.153) 6.221) 3.615) 7.642)
P1E / / / 0.035 / / / 0.115
OR’ ) ) ) 3.538(1.093~ ) ) ) 2.549(0.797~
(95%CI) 11.455) 8.148)

0 CEEERTE ; P OR (95%CT) i Logistic [n1IF43H7 AN A LA 4347 P<0.10 f728 &

3 g TR R AR AR o R 5K | T A M R R ) £ g

AMFGEAR K MTHFR FIMTR B R e fbehcs FEAEH, 53 L SE R 2 AR X e AR 2R 16 AL K]
5 ATS RJm W BAT A OGN E . T E R P — M oe Ay Al Epam™, Ok 2 k55 2 B, 76 i A (895 B A
% BLMTHFR F A5 1S K05 MU 4.73 45 (95% €I B A5 ML HLH 25 . ZEBn o, 0
2.56~8.75, P<0.001)", 53 Hh— L sE AR TP AR AL AL AL S 20T T, D4 L PR 21 2152 ) o opix il 22
[ DNA AR RIS OC R . 2SR ITES RG2Stk () R e SE DR A8 AT W0 B . FER
PEIS BE AT KECERZ JTIE-1 (LINE-1) 2K DNA H 3 Jii *F 2 Bk FH %€ (middle cerebral artery occlusion,
FEAKEARAR ", FE LR IS BEARH  BE R 2 Rk MCAO) FRA Y A e ifi 1 i 41 21, DNA Sk 7K
(estrogen receptor o, ERa) F BEAL K B0 FRZABEAIG, 340, vl RE fh b X 4 j e T A (R EAE S5 1, &
FEMEAE R BIKFLOTE M IR 28 B E T R R 7E DNA B IEAE IR BEIS , MCAO J& 14 i 45347 i 138 ik
A e — 4 TR R 42 #R I F (brain-derived /N, DNA H 3t 5 £ i (DNA Methyltransferase,
neurotrophic factor, BDNF) Ji ) F 15 /K F- DNA H 34k DNMT) ek A8 15 P 18 15 A1 DNA L ARIR 25 15 ke 47 i
SR A R, SR, VA — MR 485 5 S st A mEAE ™, JFH, Arh AT
IS ABE T, AR A IS BAEAT I A AR R ARy B st A AL #0518 a0 X g (e AR e 3% | 3k R 41 B3
KR, GAMIEFEA O, J5 & #F t DNA B AL A, R e 5

ik XL A7 o 00 S8 8 WLA8E 1 27 ) AF 90 T B 7 | B 1Y) DNA HT AR A (4 3] 75 76 2 v i) g 3 A 3 2 v
. DNA HUEAL R A AURYER RS L 22 L 78 i s B M A, 5 R, HHey AREAS XU
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BN S A%, 325 K Sh ks A Ak RN ik i A2 T B
5%, IRl HHey 538 13 H & ML w0 1S A0 , b anis
2 R W38 A5 24 77 18T, Hoy PRI B 1 0 35 5 A5
(MTHFR . CBS . MTR F1 DNMT) 4 il HHey A J¥ th 25
& KU, Hey B Hey 181 56 8 i B 31k /K SF- 2
AR SOOI P A3 P S 52 1 AR AR

AAIFFE S BAPESS R A T BE SR BT AR AR B 2 B
foro WAL ST ] BERE B AR 20 4V A 28 5L, SR,
FAERGZE rh B3 o LA SRAT A L ZUAR AR, T A1 & 1 b
ARZE Gy AR BUR A A S, R, SR 28l
A 28 BT 5T AR R A TR 2 — R X T R L
W5, S 1 DNA B 24 & 515 A0, ARIFITREA
/MR AT RER R (HARBFE U R MR
EVEST . B, tnT RE A S A AR e

ABIFFE B UCAE L 435 Hoy DG g 5 [
DNA H Ak 5 ATS 0 KU 0 & 2R | T e W ast (& HL]
ST TR, ARBFITEE RN T2 B A iR A T — e K
Wi, ABFFE AR K BLMTHER A1 MTR 2[5 DNA H 34k
U 505 NRE ATS FIAH I o AR T 2™ KA
AR, s H A AR ARG AR = R AR T
T B R FH R ORI 7 B AR AR 4 3 TR 21
I 1) DNA H S0 1 B A0 SR 91105 e 0 4 35 R 40
BRER AR

S7% 30k
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