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[# E] BN #AUBRBEOE DEBDRBEMBLR AR TFRAGLELHLLELREHTFE CpC
HETFAMBERAARE, RITHERS A RBFRLGERARRTIRANH, ik HE¥ 45 CSTBLG] D AH
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R ERE AR ERT AN WA E R A9 8 mRNA Ak R EBBEGE JRAHBARLR,
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The Effects of Betaine on CuZnSOD Gene Methylation and Expression in Atheroscle-

rosis of Apolipoprotein E-Deficient Mouse
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[ ABSTRACT] Aim To detect the methylation and expression of CpG island in the gene promoter region of live
CuZnSOD during the occurrence of atherosclerosis { As) on apolipoprotein E-deficient mouse, explore the effects of betaine
on atherosclerosis and its possible mechanisms. Methods Normal C57BL/6] mouse were taken as control group, apo-
lipoprotein E-deficient mouse were randomly divided into model group, 1% , 2% and 3% betaine group.  Oil red O stai-
ning method was used to detect the lipid plaque area in mouse aortic sinus, methylation-specific polymerase chain reaction
{ MSP) was applied to examine the gene methylation of liver CuZnSOD, quantitative fluorescence reverse transcription-poly-
merase chain reaction (real-time RT-PCR) was taken to detect the expression of mRNA in CuZnSOD gene and by immuno-
histochemical method its protein expression was detected. Results In 14th week, the lipid plaque areas of aortic si-
nus in 2% and 4% betaine mouse group were less than the model group, the difference was significant (P <0.05 ) ; The
CpG island methylation status of CuZnSOD gene in each group had no significant difference ( P >0.05) ; in all time the ex-
pression of mRNA in the normal groups were higher than that in the model groups; the 7th week, the expression of mRNA
in 1% betaine group was higher than that in 2% and 4% betaine group; the 14th week, the expression of mRNA in 1%
betaine group was higher than that in model group and 2% betaine group. In all time the expression of CuZnSOD protein
in the normal group was higher than that in the other four groups (P <0.05), but the expression in the other four groups
had no signifcant difference. Conclusions CuZnSOD gene may not be involved in the abnormal DNA methylation
changes in the process of atherosclerosis, supplement of betaine can increase the expression of CuZnSOD gene mRNA in
liver, thus improve the lipid aggradation of apolipoprotein E-deficient mouse and reduce the plaque area of aortic.
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FIKRHERE{L ( atherosclerosis, As) B EEE
AKREO B R R, B i TR N ERNL
HBIARE, XELARITHRBG, ERNTEY,
As RER RS DNA MR % B RAHFIHRE",
W ZHAETEREY T, R—-FHREN KT
EMAETRA ZEYIEE, B HTE RS RHEER
BN AR T 1R Tl , MR S i AR 3R
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BT As BRSBTS RIERN As 22 2 RHY
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BALRRIBT ST SRR ML

1 #eFnE

L1 FERXARNE
" DNARBRAAEMRABM § TaKaRa 2 7,

DNA S5t B A A & 4 & Promega A 8], 3 £ %%
AeAH LR PCRRFEM & TOYOBO A 8, —
i Rabbit polyclonal to Superoxide Dismutase 1 & &
Abcam 2 & , Z 31 By Fi &) $h & %, 4 ft MaxVision™
RAG(K)FDAB EERMERNEFT A HHEA
FR AT, PCR L% & Biometra /4 7, ABI7T500 %
#5€ & PCR X & Applied Biosystems 2 ] ,
1.2 XBHPRSA

SARTRBREREKEEE AR (R A
C57BL/6J) th % B Jackson 5L 3 % M ¥, iy o 1 A %
ABREERFYFCRARE I8 RT ARELE
AU EABM T DASUBER LR 4 F
NRE,EXNEENBH, 4 REBKEGE A
RBRAEMT AR W B4 (n=18).1% 2%
F1d% #MERL(n=12); ER¥ =t R4 F A 441
AIN-93 8 ,1% 2% %o 4% # L3 4 2 5143 UL v
1% 2% Fn 4% & X w& ¢ AIN93 B K, Fi A LB
BREEREFLEHK L3 R, 60BLK
K, BRAKRGE, HAERARE, 0 AL NE N
EAE ANBREEAEPHAMKG R, H#ZE
FTRUGAMVHRG R, X4 AHAZE 4
Bo MIAPEBFR -9 5#FT -80TC,5—%
R0 BERERAEELER, B 14 HAME
HARCHEETI0%BARLAER T EHE,
1.3 EZhEkRER RBEHL A /NEMH

HOBEE . OTCHENCER, TEHRE
HEEKEY R, WHEK S pm, % 8§ 50 pm K
K. EBRIABEACKT A, ABHELOREEE

HEATHREHE HEGI MR EHR TR
EEERER, FIH AR EECETRT Lo Y
6 KWK T MW FHEAERZADR As BHRAND,
1.4 REBFLYELHERRZFER CpC BR
Eiam

=¥ 3% B Universal Genomic DNA Extraction Kit
WU H R A B DNA, F B A4 (pH 5.0) Fn g
BENEAA, LRRATFEMAERME PR
(MSP)., ¥ #4514 L 5’ -TCG GTG TAG GGA
ATT ATT TAT TTC-3’ , Fi# 5’ -TTA ACG AAC TCA
AA CCGTAA CG3* B B K E 124 bp; kW &
{t.3| 4 t # 5’ -GTT TGG TGT AGG GAA TTA TTT
ATT TIG-3’ , F# 5’ -AAC ACT TAA CAA ACT CAA
ACC ATA ACA-3’ ¥ ¥R BKJE 131 bp, LA k3| 4
HAXZANIRARDNA SR, KH&H: 94C
HEMSmin,94CHEH 30 s, 2TEKER 30 s,
T2CEEA 30 5,35 ANEK, & B 72CE f# 10 min,
P ERT 2% 8,90 V & £, & % 40 min £
EEANTHRAE FRBEERR XL E L4
PCR %%,
L5 PAERERRAEABSEEANASHEE
1 i 4L B8 mRNA %3k

# Trizol R BUAF i & RNA, ¥ # % & cDNA #
Ro FM Primer 5.0 #4735 #yikit, EWEES 4
L # 5’ -AAC CAG TTG TGT TGT CAG GAC 3°, F
# 5°-CCA CCA TGT TTC TTA GAG TGA GG-3’ ,#"
¥} B K JE 139 bp; ) 5 GAPDH 5| 47 | % 5’ -CAT
GTT CCA GTA TGA CTC CAC TC-3’, Fi# 5’ -GGC
CTC ACC CCA TTT GAT GT3' ,# ¥ P & & ¥ 132
bp, U LS RERNREP AT SR, KB F4%:
STHEKG60s,95C &M 15 5,68CH K 15 s,
TNCEM 45 5,40 MER, RN ABRY, BT
ABI7500 %X % & & PCR L L # 474 ¥, B B
ABI7500 System Software vl 4.0 3t 3¢ 1 & £ 3 47 4
#o
1.6 FEBRAWSRLRERKTERAN

BHXRS RARFBARER, WEME R
3~6um BE . XRAAE AL ¥R DR
CuZnSOD AR A HFAAN, HAEFH UK EA
Motic 5B EH AR F R ABEUGHA, UBK
APARBRUARE R Y o, F%Y
K F400 55 MNLE, A Image-pro plus BB 24
RUAE WEEEERYPYRTE,
L7 &itEA%E

HEER Uz ts 27, HREMUTHEE
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T AARLEXA R, FAMLRRALEE
H £, LA EEH LR LSD & Tamhane £
B ALAMTLENLERAERBTER, P<
0.05 4 ZRELRITFEXL

B 1. e Osfa( x40)

1. 4 BRSANBENHRERRERLE

5 4 n SR ERREBILE
ER R 5 0

b S| 4 19.31%5.42%*
1% FRB4 5 17.23%2.84%*
2% FHRMA 4 11.43%2.65%*
4% FEB4 5 12.09%3.07%®

a2y P<0.05, SIERX RAMIL:b 2 P <0.05, SERAMI, &
FTEAMREIDRERFREF S MZAENF WA RSREA
RARGMAGRE,

2.2 HEASHESLMBEABERRTFE CoC
BERELRAR

E6ERBRIBEAE ARESARRRREE
HH /B, CuZnSOD 531 7K CpG B R ERE B
ARERER W AHERBRASIREFRMAER
MRE(E 2 ER2).

2. CuZnSOD B MSP ¥ i P TR IS S s % M %
Marker,u 3R 5 354k, m 0 4L,

2.3 FRAEREHE A4 LB mRNA RYRIX

55 14 B0 .58 7 BER X R4 CuZn-
SOD mRNA X B % THAL (P <0.05);7
i, 1% SH3E A CuZnSOD mRNA %35 F 2% &
SR 4% BSRHELL (P <0.05) ;14 [HEt, 1% FHf
WA CuZnSOD mRNA Rk THRE A H 2% 7

MEZBLDIEH X RE SR 1% HRMAL2% S 4% Rl

2 £
2.1 EFHBEEIERFRER

14 J6t,2% F01 4% SRR X SR SERER
B THRRA(P<0.05; %1 MIA 1),

36 4

SRR (P <0.05;% 3. 3 HE 4),

£2. FEREEE/MR CuZnSOD XERZLRR

2 KERE ik

03

EXAEA 6 5 1

i ik 6 5 1
TH

EX¥RE 6 1 2

-8k 6 6 0

1% FH¥EMA 6 6 0

2% HERWA 6 6 0

4% MERWA 6 4 2
1458

EEXRA 6 5 1

i ¥iikc| 6 6 0

1% HHEWA 6 6 0

2% HERA 6 4 2

4% FHEMA 6 6 0

2.4 FpESBEAWSLBEaNRE

BRI 1% 2% 1 4% F E 94 CuZnSOD F
BEEHABBEFEFEXTHEHA(P<0.05) BERS .
1% 2% M 4% HRBHZ B R BB EE(F4
MES)

T
i

R R R R R
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4. CuZuSOD BHHFX
n FH R
4. 5006+005 TH
4. 0006+005 :
3. 500+005 o EH S RA 5 0.934 +0.073
3. 0006+005 BB 5 0.601 +0.055*
: x.ﬁ: 1% 2w 5 0.536 £0.077*
1. 5008+005 ‘ 2% BEMA 5 0.673 £0, 085"
1. 000+005 4/ 49 ¥R A 5 0.542 +0.056*
5. 000e+004 4 14 [
O e i s 05 0 I M ERAHRA 5 1.033 +0.086
it R s 0.449 £0.074°
1% FHEMA 5 0.451 +0.095*
2% FH WA 5 0.396 +0.082*
4% HRMEA 5 0. 488 +0.906°

B 4. 3ELER PCR =3 i g &%

x3. FRMEEA/NMR CuZoSOD mRNA #Fix

n RQ
0/
E#Y A 6 1
BRH 6 0.632 +0. 143
71
IEHXRA 6 1
BRavg 6 0.567 £0.086*
1% FH3ER4 6 0.725 +0.061
2% BEB4 6 0.537 £0.041"
4% WA 6 0.539 +0.065°
14 /8
EHETHA 6 1
BRI 6 0.383 £0.073*
1% B3 6 0.571 £0.074
2% FHHEWH 6 0.375 £0.091%
4% FEWA 6 0.501 £0. 105

a§ P<0.05, SIEWX EAMLE;b by P <0.05, SBAAAM L, RQ
bor-3EC T opit-bilid glesilivi g S

aJyj P <0.05, SEE#H M RAMIL,

3 Wi

FHSEWA 3 MM R, RE MK P A,
3 H BB B E S 00 E AR i 3¢ R B R
B (homocysteine, Hey ) JK ., MATHERHER
Hey 5 As RHEH I R 0K MEPEERN L
EHEUIMED AR AES B EREXER
FEY, FREY, HEREgREaf O IRE
P — e8P BT , X R AR A O IR 0 78 L7
HERWEYEMEM . Croig P BRI, HIER
BB T ) ML V& B F 0 0L % E S B A B3, S IR AR
W LB AR IR R A B & A, H H B SRR A
% B, BB SN LB ERRME As OFET- R, ABF
RE,2% Tl 4% FHFERWLA NG PSR E AR FHRA
H R EHERAN M RISES E /RIS RBER
AT B — B A 1
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BS. %14 BepAfLERE( x40)

As MRERBPAERLKNY DNA R FE
1k, IR A AR AR R B 4 R AR s, B
Xt As RAERBESBRPRFERE I TX CpC HF
EALMBEE LB, B AT R MR E 524 (estrogen
receptor, ER ) | 4l fit 4D 8 .46 ¥ 5 {5 ( extracelluar
superoxide dismutase , EC-SOD) R iWiE R ps3 %>

WEEH R TR B4 A 1% BRI 2% Fem A 4% FERMd,

FULERMRE S, As RERBER -2
RES5ME2RERR, BT LALRE, THEE
HERAS 5T As 384 DNA HRER M FE
B, As R—FRBYE RIS, KA R B
As MEEZBRETHRRBROLHLRS, X
B AR M KEREE As BEH R B R AR A
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BrEmEsNSE, CuZnSOD EEEM As KAEHE
XK — MR ELEF. CuZnSOD FIA AR M
B4 EERR K SOD, ZE M & B AN
B T7KF NO A 4F B R B DD B, 36 bkt
SN RV ARABH IR, EdERNONE
e, CuZnSOD REEFIHK I B ER MLE I As %
23T (2 R

AR, BERARIEEN E7 ME CuZn-

SOD £FHE 31 FX CpC B P RARESFRMKER
EREXFADPEAREERER, RAATHEE As RE
RRABPRIBEN E™ /DR CuZnSOD EREH
€191 DNA R RAMRHERE, HRAFHTKX Cp6 &
HPRUCBESE5RERENTERT.
FUNMES T EAER . EROLERIEER
Ri5RHRMRERMAAEEE, ZHEES
AsHIRERRE. EARARRBIUALRZ—H
CuZnSOD, 7E As RERRABHEHBRARNBE
FABF, AT B ¥, ABFFREER R, CuZnSOD
ERAEREEAE DRFEANREERGR
HEREH/PRER, 14 Bt 1% HEMA CuZnSOD
ERFBRBTHREL, FRELACHEHRERR
B, SR B PR I T TNF- /K, B As 3718
o 4 4R B, AR B ST A AN SRR S S B 3H A
CuZuSOD mRNA BR%, XESEAERE B #
RFHIE 1% I AEIE I CuZnSOD mRNA ik, A
MRS As B9ER. T3S CuZnSOD mRNA %
BIERRA FaRIFE CuZoSOD HEEA RS
L ERARALRRENFE,
MRRACHI A EBIT As SENBMIIKR, I
TR TR IR As XK R ER P EAREKH
B R — MEBXRERIRE, b EE As MR RRE
REIEHBEE, I KRBT As REFHE. %
CuZnSOD ™"~ W/ RIAR T EAL YK FI4E , 3 HBE
R , A REE R S RAMTEEA TS R
B, REThRE B R BR WABFREY,
7£ CuZnSOD FFREMBIRER E~~ PRMAEA,H
FRRE EALA As WA RHBABIER . &5

P MEEIRRE T = HERR R, RIT5 8
—RPTFEIIEET As RAER BRI, RNt 27
BRI EBN TR BV E , TR s Pxs
SRR Z MR E, AT RER TR EHAH
BHREMN KR, Bk, XFHE CuZnSOD X
RERIRED E™ /DR As RER BRI B P HEHT
FHIFE FIAAN FERH SRR /B As B9 R LA R B AT
BREIE FIDLHIEA 5 B 2 KRR H 2 B
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