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Research on the relative risk factors for genomic DNA methylation

in Wistar rats
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Ningxia Medical University)

[ Abstract]Objective:To discuss the effect of hyperhomocysteinemia (HHCY) and hypercholesterolemia (HTC) on genomic DNA
methylation and DNA methyltransferase activity in aortic tissue of Wistar rats and to compare their differences. Methods : Totally 33
Wistar rats were equally randomized into three groups:control group , methionine group and high—cholesterol group(n=11). The rats in
control group were fed with normal chaw while those in the other two groups were fed with formula chaw for three months. Heart blood
was drawn to detect the serum homocysteine (Hey) and total cholesterol (TC). Aortic genomic DNA was extracted to detect genomic
DNA methylation levels and aortic nucleoprotein was extracted to detect DNA methyltransferase activity. Results ;: The results of
Dunneti—t test showed that serum TC level was significantly higher in high—cholesterol group than in control and methionine groups
(P<0.05) ,but there was no statistically significant difference in triglyceride (TG ) ,low density lipoprotein cholesterol (LDL.-C) and
high density lipoprotein cholesterol (HDL-C) levels between high—cholesterol group and the other two groups(P>0.05). Serum Hey
was significantly higher in methionine group than in high—cholesterol and control groups (P<0.05). Compared with control group,
HHCY and HTC significantly increased DNA methyltransferase activity and promoted DNA demethylation in both high—cholesterol
and methionine groups(P<0.05),though there was no significant difference between high—cholesterol and methionine groups(P>0.05).
Conclusions ; Hypomethylation induced by HTC is one of the important mechanisms for the development of atherosclerosis. There is
no significant difference between HHCY and HTC in leading hypomethylation.
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ML AN B, 765 SEDR AR 2 R 2 ) 4 K Hwe
AR S E B TR AS B BIFFE LT 4R 4 IR TR 0L
wiLs ek, B ETE AR R B[R AL e 2 B2 e
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) 58 R AT e 2E AS 9 kA2 & g, Tl HHCY
M AS 2SNl ST fe i PR ER e GX 3 B AL PR 4
DNA R H IR AS A AHSCH: , my IH R B
Jit (Hypercholesterolemia, HTC) /& AS f £ % 491G
B DR, X AS bl 5 A . ZE D2 DNA
f S8 B BEAE BN 2 HTC 25 AS Rl 22—k
SEAWTIE , ASBFFEAE SRR R RL Al b PR3 HTC X R
B PKEERZH DNA S F AR AP A0 52 ) 5 e A
HTC HHCY 7ERZMEIN 2] DNA & F ALK 2 1]
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1.1 #HhihFesi

e RN wistar KB 33 H,4 R MR 170~200 ¢,
WA F 22 M R 2 SE 56 sl ) O [ A 46 GIES SCXK (H ) 2009 -
00041, iEMPERESE 1 RS, BEHLA 3 41, BIXT B R 2
A IR R, AL 11 R X HRAL DIAR R 27 s R4
PR (1% 2 2R AT 99% AARHE R} ) 5 i JIH B 4 B (3.5% /IR
R, 10% 58 ,0.2% 9 JE A7 AU S NE | 0.5% IR R EM , 5% 11 5% ,
1 80.8% HbRHESRLEL) , Wl k4G b H R P 1 R kA BRZA
FIFERCT A . RRUH BROK, BSRCRIE, 2SR 3 H . L
PRAST AL PIAS Bl 7, U H SR FHZK A B N e TR I , JRR e
S BB 22 0 B R RO O BEERURL 7~10 ml, 3 000 1/min

250> 10 min, BIRUMLTE-20 CHRAF, JRCAHEIE Mg R 7 e
2 1R (Homocysteine, Hey) | & JH [ i (Total cholesterol , TC) |
il 86 (Triglyceride TG ) 3 28 26 41 A (Low den—
sity lipoprotein—cholesterol , LDL-C.) | = % Ji& 5 25 (1 I [ 2
(High density lipoprotein—cholesterol, HDL-C)#H &5 45 ; B4
F kS A8, FHAKS - Y4 f4 (Hematoxylin—eosinstain,
HE) Bt U5 TS ik A rh BERIAMES, L B9 Hey \TC
Sl 959% ARG L B BT A nl WAL E A AS #1C
FEIEAEAL, KW HHCY HTC K R UL E 30k
5 R FE SR ML, W R B2 2US AT DEPC Ak
PR ARS8 TR 25 B -80 CURFETRAF
1.2 #mldg4r
121 IiEH g Hey 9% 2% E BECMAN-COUL-
TER SYNCHRON CX9 ALX K7 4x [ gl A= Ab 73 B {00 5 1
iif TC.TG .LDL-C HDL-C f¥kFE . JH3& IR 24 vl 4 A 3
BB S BT A, SR FH 2 't i 9% G 928 43 A v 00 4 1ML v Hey ¥k
JE o R G 58 B RS 2 mIHR A RS 1R G R
HEATRE S AL FR R 2
122 HBUpkad BIBCESNKS AL, HRERE , %A
IR PR HE Jefs ) SRGmies E sk ik | b A A g
PRI g
1.3 KR Z A E L DNMT 7& 7y #9052

DNA 5 HREERS S 7 A9 I05E J5URE ol DNA HJEEEFS il
FEH S—RR T AR 2 R 1Y) PP RE BRI 4% 4% S B 5T DNA. 11 it s
mE R I L, IR DNA BEREBT 5-F REALARMEnEDT
WG, HIJEAL DNA A i SR PR SR LM R T LA
Tk SRR S 2 W o S J 5 G AL, INTIAS 25 23, el
FERZAE RGN & (R Rt AR R R AT IR A W) B
BRI R E SRS 1, #5/ BCA 2 1R BE i 1X
R (AL ST AR A R AR A PR W) P PR A TR 2 1€ i
(BCA 7). ¥ 28 AU EE F4Z I8 EpiQuik™ DNA methyltrans
ferase activity assay kit(Product of epigentek group inc,USA)#>
BEIFACHE T2 2 DNMT i J3[A/(h - mg) |=[A (Ff il FL- %5
X BEL ) /(B2 i g3 h)]x1 000, 3155 DNA HHLRE
MG 7
1.4 KA EZFHAARLA DNA B FHRALKF 6l 2

B Wizard® Genomic DNA Purification klt(%(%i*ﬁ’jt
HAEYIEARATBRA B Ui A5 A0 B AE I E ShikE H 4H DNA,
FEHUY DNA LA NHind I Marker 2 B8, 76 1% I BEARHE I
FLUK DG L DI 4 DNA B9S2 8P, IR SAM LT HR:
I BE R AEEE o B4R IUAY DNA $% B8 Methylamp™ Global
DNA methylation quantification kit(Product of epigentek group
inc, USA) BRI T 11 1923 20 DNA G AL %=[ A (FF fh
FL-25 FIXBRSL )12 x A(BHYERS BRAL-25 FIXTRAL) 1 x 100%
THAFEF L] DNA S H AL KT
1.5 it air

K SPSS 11.5 B IEATGait=A ab B, K B A 2
Levene A7 2555 WA . Jr 26 5% , W FIIIH + B 22 (x £ 5)
FoR, ST RN R BT 229307 (One—way ANOVA ), (NS R45 40
SEEOR 2R R 2R KB (1 £ 5 A
(Dunnett—t) K% | P<0.05 HERABFITFE L,
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F 1 FEME Hey FMAEKFRILEE (x +5)
Tab.1 Comparison of HCY . Lipids levels in every group(x s )

el B (n) Hey (umol/L ) TC (mmol/L) TG ( mmol/L ) LDL-C ( mmol/L) HDL-C ( mmol/L)
Xof HE 2l 11 572 +1.06 1.78 £0.16 1.30 £0.34 0.33 £0.04 0.70 +0.04
RN 11 1831 £ 1.10° 1.89 £0.22 126 +0.21 0.33 +0.06 0.70 + 0.08
R4 11 5.83+1.13 5.97 +0.36" 1.26 +0.14 0.33 +0.05 0.68 +0.15
e, X IRGIAH EE, P<0.05
2 & B F2 HF0RBAAREFMERELE DNA B REFEBEENR

2.1 MEZRE A F PR E | 22 B B e K H AR

SR FH v MR [ P e 8 2 P £ Ak A 57 R BRURE AR
BT Ny SRR R BRAE T, S bR TS5 R A AL 33 1
N
2,11 A4 Hey, IMARHIE i AHE EELALAESS 90 K
I TC {9 (5.97 £0.36) mmol/L, #4 HTC 2 Witrifs, %
I HTC KA . 48 Dunneti—t K365 07 , 15 PH [ B2
KA TC AKT-BLE & X R ME AR, A2 7B 5
1247 L (P<0.05), TG.LDL-C #l HDL-C Z S8 i
SL(P>0.05), TEAFRALES 90 KN Hey {6 0(18.31 £ 1.10)
wmol/L, #545 HHCY BSWrbnitE, 00 HHCY KRR
2% Dunnett—t R 550 H7 , B2 R 24H K BTG Hey A 2 T
REZH B s LRI BELH | H28 A Beit27 2 SL(P<0.05) , L3k 1,
2.1.2 FFIIKAL AR S MEL et s I . X R
HE WK HLEH (B 1A) BRI . F 3k b g
JEL PR S8R B o U L P A E S, PR S8 2 (1B 5
T R TR« S Bl K I A B T | DL A/ 58 A MR | g 5%
A A= A T IS TS PRy S8f B T v EF f S A J 2
i, PSS | P Rz A0 AR T 2 1) A Jes , I B S P R A (I
1C),

C. e IR [ s

AN

B. HARH

A XTHEZ
1 EFRKALKRIERENE (HE, 400 x )
Fig.1 Pathological morphology of aortc tissues ( HE, 400 x )

2.2 HHCY . HTC 3t X & £ 3k A H 20 DNA & VL 4458
N BT AR T 0 oh

HHCY F1 HTC RT3 m 3 2 ik A A 240 DNA JE Y AR5 7%
B 77, FTOEfE DNA 2B 364k, 2 Dunneti—t #3854 . 5%
TRAIAH L, S B G243 L (P<0.01) . {H 2 41 (8] 2%
SRGIT2ER X (P>0.05), FERZH DNA 8 P ILEE R mEs 1
PRI DNA 25 B SLAR R A R/ T2 s P g B o]
B XL DNA 2 H AR — R U2, I3 2.

3 3 8
AS B fa B N B R MEERE, S 800 N

B A A SRR A R DU 22 A
ML ZR R 1Y) 5 S DR R i e A 1) i i B

BREUKTE(xxs)
Tab.2 Comparison of aortic genomic DNA methyltransferase

activity,methylation levels in each group on 90th d( x =5 )

FHIEFLRE G 7

Vol B (n) DNAF EEAE K-
A/(h-mg)
X HRZH 11 14.59 £ 2.24 0.045 + 0.004
HAEFRA 11 21.36 +2.84" 0.038 = 0.004"
eyl 11 26.98 + 137" 0.038 + 0.003"
Tk, ST IRAIA H, P<0.01

i, ERRSEEVY T E AT AS A & 10 N ifi
EPRNEL AT NN —2F0, 7E TR AS &9
R R R EF R R H B, AS
C Bk A 3K o S A s TR FH IO [HXT AS & HIL I
(R 5 38 A7 AE VT 22 1) 811 & B B, Hiltunen 2501
M 7ENY APOE JEH AR (APOE™) /N H, K2R
AS BB Y 5 H 35 it g g /K - S 25 R, 4
FE DR 1 B AR ACOTREAIG . S A WFoE 3R B, 22 sl ik
0 A B A L 2E 2 Hp SR P S 1) X 3, DNMIT
mRNA Rk B2 50t 38R 7E AS BA b
SEATFENAEH AL B, AS SR ZFPEl R &R
A VE R S 800 —Fh st 1% I R 5408 N & 3
[FVE R 2t Z T8 . HTC Fl HHCY #{J2
AS TN ST fE R R R 020 B A 98 2B HHCY
AT DL 5 R A0 545 | e ARE I sl bk I
S WLAH L (Smooth muscle cell, SMC) ¥4 484k
PP N TP A LS 2R — AL EU/NO
B LR AR, 25 90 N AN e 9 Jz g 4 22 R L
il 1SR O R LA R I 20 R S R ) R 3 A
FH 2 BURTINGE AS P Im B, Rele 5 Rk
AS P0G 1M A = AL AE A AR R A G2, 3
AR KA UE B2 24 E 5 26 BH |, 103 Hh HCY THs nl
SRR DNA HEAEFEEE NRE, Rita SFAYIGIR
ST BEAIFST 2B AS BRI P Hey S-JRT 55 2F bk
Z R (S—adenosylhomocysteine , SAH) B &2 7t =1 A% 7]
B, JE[R 4] DNA SEUIRH EAL  (HUE 56T HTC X JE
P2 DNA 5B Ak AR 52 m (R AR 58 0
AFFRTRIH HTC X524 DNA S 384K
A ToR , FFE—2 e HTC Al HHCY £ 520 i
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FI4] DNA SRR Z ] i 22 5, Rl RES v
FEAG I B, H IR 2 A it T 0 G 751 8 43 i ol
& HTC Fl HHCY KR 3 k4 213N 4] DNA &
HILAE AR LR R G ), 25 SRR .05
X RELL A HTC KR F sh Bk FE R 2 DNA B H 3
SRS Sy, B AL KRR, @HTC A
HHCY #RA] i R B 32 ikl 215 [ 41 DNA s 3
AL WETE 1 Th i, JE P ZH DNA i B AR K OFFR A
15915%2@9@%%36@%@ HHCY BOR R F sk

HZIE R 2 DNA & L RSl G b, e 4l
DNA g H AL A AR AT BB 2 T HCY 22—
W 2 TR | 2 B A R R e 2 IR 170 o v (R AR g
Y, B E RGP A IR HCY 3 & b8k 5]
e SAH B TH i, SAH 5% HI KL 5 1 (1) 30 3504
57, A ) DNA $63 H 3L DNMT, T4l
— A B I HR T EE DNMT XJ 5 A bl i -5 2E 1 1 H 3%
fBA& 1, DNMT [y 323, R JLEe &2 il vl A 2 K]
Iz R H Ik A0 R G S DR AR SRR
PEPEIE I DNMT J5PE A3 & AR 256 & B HTC
1ESE R E PR 41 DNA 1) DNMT 15 P14 5

FLEH JEAL 7K B 25 N B S HHCY A 25 AE AL W*
Feo A8 HTC @i Flag A2 2 4] DNA &L
F LAk KA | SR Uay i £5 DNMT 346 71 3% 155 i JC A
VIR R, BT it — R A IS, (B T3
21 DNA J5 A0 K- f BRAG, DT 80K R R
Sl 2 b I H A0 M 3k S N AS 1 kA
K, 1 DNMT 36 /1 67t i 48 v] REAE L AR 47 5 =
B, XA AS BT RALE B R, N
DNMT WHE s 7ART7 AS $AHT I8

£ £ X M

[1]  Zachary D S,Michelle M C,Tarjei S,et al.A unique regulatory
phase of DNA methylation in the early mammalian embryo[J].Nature,
2012, 10(1038) :339-344.

[2] Laird P W.Principles and challenges of genome—wide DNA methy—
lation analysis|J].Nature Reviews Genetics,2012,11(1):191-203.

[3] Assaf Z,Ivy E,McDaniel, et al.References and further reading may
be available for this article.To view references and further reading you
must purchase this article.Genome -Wide evolutionary analysis of eu—
karyotic DNA methylation[J].Science Magazine Search Results,2010,
328(5980):916-919.

[4] Stenvinkel P,Karimi M,Johansson S,et al.Programming of DNA
methylation patterns|[J].Annual Review of Biochemistry,2012,8(5):
488-499.

[5] Claudio N.Developmental mechanisms involved in the primary pre—
vention of atherosclerosis and cardiovascular disease[]J].Current Athero—

sclerosis Reports,2011,13(2).170-175.

[6] Ana C M, Alessio,Celio X C,et al.Evaluation of mild hyperhomo—
cysteinemia during the development of atherosclerosis in apolipoprotein
edeficient and normal mice[J].Experimental and Molecular Pathology,
2011,90(1):45-50.
[7] Guo Y H,Chen F Y,Wang G S, et al.Diet-induced hyperhomocys—
teinemia exacerbates vascular reverse remodeling of balloon—injured ar—
teries in rat[J].Chinese Medical Journal,2008,121(22):2265-2271.
(8] FAMSIE , PRI, A5 MR Bl TR A R AL R RSB R A T )]
55 PR ARAER 2003, 24(7) :802-804.
Yang P Y,Rui Y C,Jiao Y B.Atherosclerosis in rat experimental model
to establish[J].Academic Journal of Second Military Medical University,
2003,24(7) :802-804.
[9] WHTAMG, E SC I RO i L A8 A 1 2 ) Fee B B «
2 FEL MBS AN A AR A A, 2009, 6(17) :494-495.
Gao ] M, Wang W.Hypertension and cardiovascular and cerebrovascular
disease epidemiology data:the American heart and stroke annual report
[J].Chinese Journal of Hypertension,2009,6(17) :494-495.
[10]  BR— FFUEAT B2 45 BRI 245 TUB)7 2 bk ok A R Ak 1 4T 1 1. P
[ 5E R4, 2006,26(21) : 1675-1677.
Hu D Y.Evidence-based medical practice rational drug use prevention
of atherosclerotic thrombosis[J].Chinese Journal of Internal Medicine,
2006,26(21):1675-1677.
[11] Hiltunen M O, Turunen M P,Hakkinen T P, et al.Epigenetics, DNA
methylation,and chromatin modifying drugs[J].Pharmacology and Toxi—
cology,2009, (49) :243-263.
[12] Wang G,He L Y,Hong T P.Reply to letter to the editor: coronary
flow velocity reserve was impaired in chronic hyperhomocysteinemic
patients : why?[J].Endocrinology and Metabolism,2011,300(6):1177-
1178.
[13] Mecully K S.Vascular pathology of homocysteinemia:implication
for the pathogenesis of arterioscle—rosis[J].Am J Pathol, 1969,56(1) .
111-128.
[14] Zhong J C,Xiao F Y,Hong W.Homocysteinemia and endothelial
dysfunction[J].Curr Hypertens,2009,5(2); 158-165.
[15] Hansrani M,Stansby G.The use of an in vivo model to study the
effects of hyperhomocysteinaemia on vascular function[J].Surg Res, 2008,
(145):13-18.
[16] Tasatargil A,Sadan G,Karasu E.Homocysteine—induced changes
in vascular reactivity of guinea—pig pulmonary arteries:role of the ox—
idative stress and poly (ADP -ribose ) polymerase activation[J].Pulm
Pharmacol Ther, 2007, (20):265-272.
[17] Barroso M,Rocha M S,Esse R, et al.Cellular hypomethylation is
associated with impaired nitric oxide production by cultured human en—
dothelial cells[J].Amino Acids,2012,42(5):1903-1911.
[18] Wilson K M,McCaw R B,Leo L, et al.Prothrombotic effects of
hyperhomocysteinemia and hypercholesterolemia in ApoE—deficient mice
[J]-Arterioscler Thromb Vasc Biol,2007,27(1):233-240.
[19] Jiang Y D,Sun T,Xiong J T,et al.Hyperhomocysteinemia medi—
ated DNA hypomethylation and its potential epigenetic role in rats[J].
Acta Biochimicaet Biophysica Sinica,2007,39(9):657-667.
[20] Yegnasubramanian S, Haffner M C,Zhang Y, et al.DNA hy-—
pomethylation arises later in prostate cancer progression than CpG is—
land hypermethylation and contributes to metastatic tumor heterogeneity
[J].Cancer Res,2008,68(21) : 8954-8967.

(AR 4 B AR )



