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(FWE] By m o K b R R A 0 B o 4 4 6 R 3 2 ) 80 32 R oy 1l B TS P T 1
(PGC-la) mRNA Flli H 3£k LM PPARGCIA )i 85 X DNA F LAY ) B0, BR B IR g e A 1 Je i 7 o
PGC-Tau HYAE A B (R38R A2 2 A6 W e A8 B A DR B 190 50 48 (DRO) A2 i . ik IO
W26 ~7 JAE IEdE SD B 80 L, Hirh 60 SR TR IFE P S5 8 MR A 7 2% (STZ) 14 Jr ¥ 3 S R R B A
T, K 60 FURE PR B [0 B AL £ 7 2k AL D 3 A2 - oo 4% il AN 4R RGE S 4 A P9 It
IR T A A 5 IR 2 4 1 4R U SIS 2 S H N OB K S P 1 S A 2 A A UG 4 TE R WS 7K S 5 R £
HRBER G 4 A NI OREFIEH MK, fE 4 20 H o X IR ZH g JA % DG g 19 1E 3 4R SR R BR 20 Re 70 i
25 S0 20 K AL I R 2R, 0 P 2 I 9 O o i PCR LA I PGC-1o K A8 L W B AL B 2 (SOD2) mRNA [ &
5, W] Western blot 34 il PGC-la [ 4 i 48 Ak 1 5 b W ( MnSOD) 4 14 2 35, I T J0 & R 0 4 0 7 3%
(BSP) ¥l PPARGCIA J3 3 T-IX DNA MIEALREH LA, SR EBG 4 DA X B4 R &Y B
T LB ) S L % 47 T 2 0 I A 20 B £ o A R 2 W K T S e T R R R A S
H(3 P=0.000) o A4 ] 2 | 008 - 7 1] 26 A0 47 o S A 2 K B R B4 4 rh PGC-lae mRNA AR X3
BARARUCT W R T 0 IR, 22 S 39 GE 2 3L (34 P=0..000) 5 I B 4% 1) 4 PGC-1oe mRNA %) 3% % it W]
R T B P R AR, 22 A G A S (P =0.002) o IR P A 4 I S 45 0 2H R R A R 2R R
P L 2L SOD2 mRNA R MU, 44 w8 T X BRAL , 22 e #9947 G2 12 2 (P =0. 006 ,0. 000,0. 000) ; 1.
B ) 4 55 B 2 ) S A 2H SOD2 mRNA R XS R 05 B AL, 2 S A G it 2 08 L (P=0.001) o 1B 44 il A4S
LR LB 47 S 2R L B 2 O BRI h PGC-1 o 3 A MnSOD 5 F A0 2 2% it S 25 4 77 ) AL i
i ] 2 R B R 58 PCC-Loe 2 1A TGS 6 I8 4 2 3 i 7 ML o) S R 4, 22 5 39 A 0124 | L (39 P<0.05) ¢
T DR A5 0 K SR R B 4 20 f PPARGCIA Ji3 8 F X DNA HH A0 K P T, A48 1 AS FE 2L o 421 42 ol 20 K
AL R R PPARGCIA JR 3l 11X DNA A Ry K P B B A W] T i, 22 5 39 A7 S 12 58 L (2= 0. 008
0.031) , MuA Pl 21 5 W P A (2 M) LU 4R, 22 5 R iT2¢ X (P>0.05) o S8 Bl IO 65 28 K 491 19
Ji PGC-la mRNA J 3 383639 T e, SRR B SOD2 mRNA AT, MnSOD 4 14 4 3% T B, HA U121
AR o PPARGCIA J5 )5 [X DNA FIUIEAL K- (9 T il RE 5 PGC-1a 323 52 3140 ) DL B AR L2 A 2%

(RSER] Wl s O I BB 7 5 3o S 0y T A8 A 880 2 A y T BT PR 7 Lo ARIBHIEAZ s st
ettt s i 41k B A 1t
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[ Abstract] Objective To investigate the role of epigenetic regulations of peroxisome proliferator-activated

receptor y coactivator la ( PGC-la) in the development of diabetic retinopathy and the metabolic memory
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phenomenon after hyperglycemia was terminated. ~Methods Diabetic rat model was established by intraperitoneal
injection of streptozotocin ( STZ) . Sixty diabetic rats were randomly divided into 3 groups, poor glycemic control group
rats were maintained in poor glycemic control for 4 months;semi glycemic control group rats were maintained in poor
glycemic control for 2 months,followed by good glycemic control for 2 additional months ; good glycemic control group
rats were maintained in good glycemic control for 4 months. Twenty normal rats served as control group. The mRNA
expression of PGC-la and superoxide dismutase 2 (SOD2) of retina were measured by real-time PCR ;the expression
of PGC-1a and manganese superoxide dismutase ( MnSOD) protein were measured by Western blot;the situation of
DNA methylation in the promotor region of PPARGC1A was measured by bisulfite sequencing.  Results The body-
weight in the control group was significantly higher than that in the poor glycemic control group,semi glycemic control
group and good glycemic control group (all at P=0.000). The blood glucose value in the poor glycemic control group
was significantly higher than that in the control group (P =0.000). The expression levels of PGC-la mRNA were
significantly lower and the expression levels of SOD2 mRNA were significantly higher in the good glycemic control
group,semi glycemic control group and poor glycemic control group than those in the control group (all at P<0.05).
The expression levels of PGC-1a and SOD2 mRNA were significantly different between the good glycemic control
group and poor glycemic control group (both at P<0.05). Compared with the control group,the expression levels of
PGC-1a and MnSOD protein were decreased in the diabetic model groups, with significant differences between them
(all at P<0.05). The expression level of PGC-1a protein was significantly higher in the good glycemic control group
than that in the poor glycemic control group ( P<0.05). Diabetes increased DNA methylation in the promotor region of
PPARGCIA gene of retina. The DNA methylation level was significantly higher in the poor glycemic control group and
semi glycemic control group than that in the control group (P =0.008,0.031). No statistical difference was found
between the poor glycemic control group and semi glycemic control group (P >0.05). Conclusions  The
expressions of PGC-la mRNA and protein and MnSOD protein in the retina of STZ induced diabetic rats are
decreased , the expression of SOD2 mRNA is increased ,the expression changes have metabolic memory characteristics.
Increased DNA methylation in the promotor region of PPARGCIA when exposed to high glucose may have a role in the
regulation of PGC-1a expression and metabolic memory.

[ Key words] Diabetic retinopathy; Peroxisome proliferator-activated receptor y coactivator 1a; Metabolic
memory; Epigenetic modifications; Manganese superoxide dismutase
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W TR 975 A0 ) B 28 ( diabetic retinopathy, DR) J& f#
VR 0 % IR AE R BRI EREE " pE
R ¥ &% I & 9E i 36 ( Diabetes Control and
Complications Trial,DCCT) Bl JK 9% T 11 5 I K IE W AT
W 18 5 ( Epidemiology of Diabetes Interventions and
Complications , EDIC ) 55 224> K A il PR 18 56 Uk 5 17 9 1M
A AN A 1 £ BV S 5 it 42 o A A B [ A7)
BT I R T R R S B AR L EE DR ZE N Y
A5 TR IE A, PR IH R S A 2 A %ok DR A I K A B K
A K it R BA IR w3k R B R BR O AR
17 B e A A S B AE DNA T 81K 2% 1
DU H R A A ] A% 1 k28 O BE AR A b AT 35845 o
TN AL 7 BB A DNA HIEAE (21 8 B 2 kPR A%
B tmiAAEg S RNA, BEE W5 IR A BOR B2 1Y
TIE 495 ¢ W % €0, Jo 1) 503 AN WL g A% 2 IR R AR AZ
AR ST AR LA R i DR A A7 S R 38 O T & #5  OR BEE
PERTT o H T RO A 2 A A E T A 1 T

Al fE N DR A5 34 42 08T 19 A 207 o o o BT
B LR TG R S £ 02 DR Z Rl ALY 46 3 3615
4% 8 E AL W) 15 4k B ( manganese superoxide dismutase,
MnSOD) & —F i P4 8 11l , 45 5 1 3t 77 78 T 20 i &
LR NS AL SN S S IvE - P R (L o 2 e R S
ARV R 7R, 7 DR 3P A0 R I B 52 e W i 50 ) R oz 8 4
F oy B AR AR o Sk A
YOS Ry BB TS T la ( peroxisome
proliferator-activated receptor vy coactivator la, PGC-1ar)
J& MnSOD F #2218 19 5 7~ 2 —, i i Bl B T i 4R
A6 W) T 18 A W) 340G 32 4K o ( peroxisome proliferator-
activated receptor o, PPAR-o) \PPAR-y ZE 4% 74K, JA 5
FI R 3 D & S Je e S e B M 72, )iz 2 S LR
B 5 LR A RO B X0 B0 I P A A
25 2 A8 B 1 9 5, 7 A 4 B 0 D O IR A O v ke
LR A g e 3 S R OB PR K B R
PGC-la mRNA FI3E F &3k & PPARGCIA Ji 3 1 X
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DNA L AL 1) B 72, WY W DR s i A A e i 7
PGC-la BB B, TR WL 3t 4% - 18 1 72 DR X
WAz B

1 #M#EFE

1.1 #g

111 S ah® WYL 6 ~7 i b Mt Sprague-
Dawley (SD) K 80 H {KJ5i#t 180 ~200 g, 4 It 5U 4k
ARSI B WA BR2S w) o S5 Bl ) i ) 35 R0 A
B FE B R TR 9 5250 Sl W4 AR 1) RLAE o
1.1.2 FEH 8% k1A & (streptozotocin, STZ) |
DEPC /K (3£ [ Sigma 2% m) 5 K 8 B BF R 5 8 T
(E3 N J7 I8 A A i 25 A BR 22w ) 5 Trizol 2 7] . SYBR
Green PCR master Mix &7 & ( € [E Invitrogen 2\ 7 ) ;
Wit sG] & (3 18 Promega 23 W] ) 5 RNA g 10 i 571 |
HsTaq B ( H A Takara 2% ®] ) 5 41 Bl PGC-la HT 14
PVDF Ji& ( 3% [E Millipore 2\ &) ) ; % $t L MnSOD Fp {4
(3 Abcam 23 ] ) 5 AL i 416 W) I b 3 1l 27 BT R
IgG (H+L chain) £ g BE ST BROR 3 48046 9 A i 1L
Fhif 1gG (H+L chain) Z 5w FEHLIK ( H A MBL 24
A]) s BCA R A I i 50) & VECL i e A X 43
i TG 8 B bR ofE (2 B Marker) (3¢ [ Thermo
A ]) 5 Bl B-actin B 5E BT A (5E [H Santa Cruz A ) 5
A I A 5R) (32 [E Roche 24 7)) 3 1 AE 4L DNA A6 il
R & (DNA gl ff w0 & T B0 # a0 & (
FE R A RAA) .

1.2 5

1.2.1  SEHG o021 OBl RO R BB B i e 57 5 80 A
SD K Bl 4% R BE L7 2 1k BE MLy X BRH 20 R
PRAFGEH 60 H o Xif BEZH Sy J&] % DS FC 9 1E R 57 R L.
PR 4K BRI M 9 33 B 60 mg/kg STZ g 57 1 AUgE
PROGREEL . TESHE 3 d R i Jik JBC it A6 ) ofi B 7K ~F-, i
B =16. 7 mmol/L Sy B i Iy s A ik br 2, LA 50 mg/kg
STZ JEIE N AN FETESS o Bl PR 41K BUH% IR BE AL 7 3%
DBENLT- Y452 3 A W40« il A 4 ) A 1 2 K BRUAE
BE 4 DA h iR, B HEEZ TR ~2 5
KRR R BT ESHATT o MUWE - 15 1 4K B e 3 A
JEHFEE 2 A ARSI B H 2 1R ~2 B
KRB B 3R BT ISR IT s J5 2 S 455 IE H s K
B H AR RS RN ESET 2 W, B2 ~
S BN o IR 2 R BRAE RS BT 4 A T b K AR 4R o
BEIE W, B H 32 AR B 3% BN AT 2 I, B IR
2 ~5 Hfif,

1.2.2 REMMBEHLS srE Tl 4 DS

R AR TR0 3% 130 bE 22 B I 78 13 5 R T S
A A BR IR K , UK P e W ARCBE T BT B A A, 40 B b R
7, 7 B R R ZH 2, —80 CAIIR UK A8 PR AT o

1.2.3  Semf 5ot i PCROAS I A& 52 56 41 R B A g i
2 PGC-10.,.SOD2 mRNA FEiA/KE KA Trizol iR
) G AR UL I 2 2 b L RNA L U 5E RNA 4l B2 fif )
Wi S R & AT cDNA G A, & IR 20 pl 4 & k47
PCR 934 S0, 51 P90 W4 1, 4748 SO 4544 :95 C
WAZ P 3 min;95 C A8 155,56 CiB k 155,72 °C ZEfifi
20 s, 3L 45 NPEIR . RNEE W WCE R Rt 2, L)L B-
actin fE ) N S 3L, SR A 278 LT 54 H I 3R Y
(PO E vy i g

%*1 KR PGC-1a,.SOD2 #0 B-actin 5| ¥ 5 3l

314 FIFSI(5737)

PGC-1a F:CACCAAACCCACAGAGAACA
R:GGGTCATTTGGTGACTCTGG

sop2 F:CGTCACCGAGGAGAAGTACCACGA

R:CAGCCTGAACCTTGGACTCCCACA

F:CCACACCCGCCACCAGTTCG

R:GGCCCGGGGAGCATCGTC

T : PCC o %A ) i VR 10 2 W0 3 324 -y 6 B i8035 [ 75 SOD - 1 4
0 8 A Bt

B-actin

1.2.4  Western blot 45 il £ 5 56 2 K B AL 9 Ji 2 21
H PGC-1a MnSOD 1 3R IEAKF B K B M 41
SURE S BT VLRGN EE A 4120 28 f W (2 2R 0 A
F) P i A 2URE B0 B T, BCA B E K
FIVRE o HEAT 78 1 58 TN I T B 6 J HL VK O BV &5 PVDF
HRE T o R A ST A 53 KR 5% Wi A W & BT 1 h 43
M A PGC-1a (1:1000) ,MnSOD (1:1000) , B-actin
(1:1000) LA ,4 CHEF &L 7%, TBST EEVE, fin A BRAR 1
A ALY FRIC 1gG (H+L chain) (1:5000) , & &I H
1 h,TBST ¥k, ECL W35, & %, L B-actin fE N 4
%, KM Image J 3144 3 3 50 43 9 Ao i 9 2 Fn H 9 2R
1251 K BE (R, TH 54 H B A X Rk

1.2.5 Wi &80 7 ik K PPARGCIA J3 )+ IX.
DNA HILAIRAE AR SEE P 90(5 B, Primer 5 ¢
F¥ It PPARGCIA BRI 8l X 5190916 105 1 9 - B
BlHH 5 -GGGAGAAAAAAAAGAATTTTATGG-3 ; F i
2|#% 5’ -ACCTCCCTTCTCCTATACAACTTACT-3" . %
F DNA $2 G 7) £ HE B0 2100 0 R & DNA |, 2 [ H
oAb DNA K5 0030 70) & Ui W] 5 % PPARGCIA Ji 3l F IX.
DNA #E47 &4 , PCR 71, {fi F§ DNA 4 4k [l iz 3 50) &
aifb =Wy iR T R % 2R S U W] P T
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RZR B i AL S5 AT T % 4, Bk ECPH P e R 4
DNA J:ill /¥

{# il METHPRIMER 75 28 % {1 43 B, ¥E L CpG
TEHFRE : GC & 8 (CGC% ) KT 55% , 5L PR CpG i 5
S CpG L A A9 L ( ObsCpG/ExpCpG) K T
0.65, F-Er K BF 5 />3 500 bp, 3 HL PPARGCIA 21
£ 5, EU# 2 500 bp X E4T CpG A i W 3L AR B 1
Rl o FEZ BT A, 3k 6 4> CpG i s, 43 1 =529 .
~477 -326 -215 ~186 .~178 bp, 42l 1 ~6([& 2) .
0 % 52 56 4 K LR I JBE 4L 2R 1P 3% 6 A CpG XU T
PR A i ) H R AR A o 45 52 0w 4 R BRI i 2 41
PPARGCIA )5 3l 7 X B Je 4k K H & A= W 3 fE 1 CpG
LSO A R 1) CpG A s 800 A 4 bR ow o
1.3 Stk

K F SPSS 20. 0 Gi it 2 A AT Gt o3 B o AWF
9% H & A D B8 8 28 B FE A Kolmogorov-Smirnov £ 45 1iF
SEELE A, A ves FoR o S HBE T 225 A4
B 1 LU AR FH B R 2R T 25 0 A, A 1) T R B AR
SNK-q K56 . I 8% 2 5 il 26 I A 45 o\ 5 A9 10
BE AR YRR RO ¢ K56 . P<0.05 M EREH
FitEE L

2 #R
2.1 AR — BN O H A
Xof B R BV HOK SR IR, B R NA

P AR R USRS B i M2 ik 2/ 2R, B
R T TC G G i 22 JE 5 0B 47 1 4 K SR 32 I 1 %
TR 20 28 2 RO IR B d 0ol A, 326 30 3 B2 K
R 5 L 4 2 ) 2EL DA Bl ot 47 U, PR R O R R
a5 WA A AT L BT ] R
2.2 AAREMASE MR

X 2 O PR AS J5 5 8 3 4 0 5 I 4 ) 2 R B
52 IR 5 ZRAA YT 5 VR T 2 T 38 0 5 R £ A 2R R
R A A ) T IR A R AR R B RS 2
AR (331.00+32.80) g, TR 3 A
TF 4 4% 32 19 5 23R 7 Ja M s AT B, i A 4 4
H 5 oy (405. 63 +54. 19 ) g, ML B 42 i 5T Je 16 5 4
H, Z A Gt # (P =0.000) o 4% 2 K fL i R
AN HEBRREBREEZERARIT#E X (F=
54.253,P=0.000) ; H H g BE2H R BRI 2 o T
LA 7 A AN R R~ 4 o) LR P A 22 R
AGTHEE X (¥ P=0.000) (%2)

HA BRI 4 A H B LB s A e T
X (F=456.324, P =0.000) ; v ifn 48 4 il A £ 41 1M

Bk E &S FXRA 25 A%IT¥EL(P=
0.000) (& 2) o A2 42 1 2H I Bl il A 428 1 i fS I AR
G535k (26. 54+1.99) mmol/L 1 (6. 13+3.39) mmol/L,
ZERAZITFEX(P=0.000),

R2 FSHAREEF4AGRRENMAEE LR (xxs)

451 FEAS 4 BT H (g) 1B {5 (mmol/L)
Xf B4 20 590. 60+46. 11 5.67+0.22

I A 42 1 AN R 21 20 316.25+53. 79" 28.02£1.76"
W 2 4 i 4 20 405. 63£54. 19° 6.13+3.39
I 42 i 4 20 478.13+53.02° 5.63%1. 14
F{H 54.253 456. 324
Pl 0. 000 0. 000

T 50 B2 AR, * P<0. 05 (B B 5 7 2290 #7 , SNK-q 6 55 )

2.3 A SE A KRR 4H R
mRNA K KKF 4

A AR AL R PGC-Tae mRNA AR X 2 3% i 5
RECEE, 25 5 A et B L (F =45.353,P=0.000) ;
S A AN 2 i A o 2 I R A ] 2K
BRAL R PGC-1a mRNA AR 34 3 8 2 IR T X 1
1, M ] 2R BPE R PGC-1ae mRNA A X 2 3k
W] T MR N R, 2 R A R R (P =
0.002)(#£3),

AR AL B SOD2 mRNA X 2 3k & & 1A
L, 5 A e it 2 i L (F=28.098,P=0.000) ; J&
AT A7 1) L O e A ) 2 B 4 A A 2 R R
ML SOD2 mRNA FH X 3% ik i 2 32 & T X0 R4,
EZ B G 2FE X (P =0.006.0.000.0.000) , fil 4 4%
2R B R SOD2 mRNA M X ik B % R T
MR R, 22 A SETH 7 L (P=0.001) (% 3),

PGC-1a, SOD2

x3 BHAXRBUMEF PGC-1a F
SOD2 mRNA #HX FiEE B (xxs)

5] - PGC-la mRNA SOD2 mRNA
LIRS STy Y LR SSry Ty
Xif B 41 5 1. 00£0. 00 1.0020. 00
0042 A 2 5 0. 04+0. 02° 1.48+0. 06"
I 2 42 i 2 5 0.22+0.05° 1.3920. 04*
W 4 i 4 5 0.44£0.21" 1.21x0. 12
F {1 45.353 28. 098
Pl 0. 000 0. 000

X IR B, P<0. 05 5 55 A i) AS 4L He e, " P<0. 05 (B[
Ry 2200 H7 ,SNK-q K2 35)  PCC. il U AWy i 1R 48 £ WO 52 14 v Sl B
T R 5 SOD - 4 AL 4y B AL Al

2.4 KB L L PGC-1a \MnSOD 2 4 %
KK
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A2 R R i 2 2 p PGC-1a 25 4 A1 MnSOD
EORBPEMAKRLE, ZRWARIT¥E X
(PGC-la: F = 16.877, P = 0.001; MnSOD : F = 9. 468,
P =0.005) ; H v (b4 i AS 4R 20 oW F 45 ) 26 A0 i
W4 o 25 K BRI 5 PGC-1 8 11 A MnSOD 25 1 4H
X %35 8 I AKX B A I o 4 o 2H R AR PR A
PGC-1a H5 A X 2235 8 W 3 & T MR & i AR, 22
FREAGEITFE X (HP<0.05) (K 1,%4),

PGC-1a 105 000

43 000

B-actin

MnSOD 25 000

B-actin

43 000

1 ZSHEARUNRALH PGC-1a 1 MnSOD & A K i% B ik B
PGC - i 0 fb ) i PR 48 25 W 300G 2 1A% v i B 00 R 7 5 MnSOD - 4
4 AL Tl

x4 BHXRRUMERALF PGC-la,
MnSOD ZE | RiAK F % (x+s5)

1 2 3 4 56
+1
— S
=529 -477 -326  -215-186-178 PPARGCIA
Methylation @&Fm,rmhqmqhImlemlmh»
XIRLL CpG Position .1I 2 . 3 4 5 6
Unmethylated 50 30 50 100 100 10.0
Methylated 50 70 50 00 00 00
Methylation mﬂrsm. mn_-gmgh 270 61 40y
== B BE= -
I HIA AL CpG Position 1 23 4 5 6
Unmethylated 4.0 1.0 20 80 9.0 10.0
Methylated 7.0 100 9.0 30 20 1.0
Methylation ZH)E-MEEW] oo [ o O o [0
HBERERERIZL CpG Position 1 2 3 4 5 6
U Chmetiylated 30 200 60 90 90 90
Methylated 70 8. 40 1.0 1.0 1.0

Methylation 27 by M50 1, ™= 1, [ oo 7 o O 1o
| |

IBEFERIZH CpG Position 1 3 5
Unmethylated 40 20 70 70 100 100 @
Methylated 60 80 30 30 00 00

2 PPARGCIA EEE CpG UM m BEMLLE A% CpG
W GR R B A AUARE CpG AW A7 i iy 1 24k b ] 454
CpG o H TR L 1) AT IR T 3w , R A R SR L ], B (B
IV i aaa]

DNA Ak i /K G 5t BE 4L 0 S Tt 8, 25 R 3 G it
L (P=0.008.0.031) ;i A 45 2 PPARGC1A J§
3l X DNA B4R, 7K 155 b 428 1 A AR 2L, 25 5%
A Gt F R L (P=0.033) 5 I8 i A A 4 5 i
PEi 2 2 F X DNA FEEAL /KO b, 22 e e it
R (P>0.05)(%5),

41 51 HAR  PGC-la HH MnSOD Z F
X AL 5 1.27+0.39 2.40+0. 47
R ) AS e 4 5 0. 180. 09" 1.35+0. 27" &5 HEXRAME (A ES
LB 4 i 4 5 0.20+0. 10* 1.240. 11° B F X DNA BB K F LB (r2s)
I A A2 ) 4 5 0.65=0. 13" 1.61+0.20° 2150 FEA G AL TRE (%)
F A4 16. 877 9.468 it B 4 5 30.93+5. 00
P 0. 001 0. 005 WS4 il AS FE 4L 5 42.48+7.06°

< g R IR H B, P<0. 05 5 15 i BB R R T H B, P<0. 05 ( M ﬁﬁﬁ:jﬁgﬂ z zj 2‘5‘*2 2(2)1
FI LT, SNK-g K 0)  PGC. 3ot A0 M 1 2 W 3 2 1 y ng” R T
T P s MnSOD - 4 8 4 1 49 15 A il P 0. 030

VE 0 JRAL O, P<0. 05 ; 5 LB ) R FE4L Ho e, P<0. 05 (#1Y

2.5 HARBUAMBEEL L H PPARGCIA J7 51 X H
FALR S

L X IRA A L, PPARGCIA J3 3 11X -529 , -477
=326 ,-215,-186,-178 {ii 5i CpG HI F AL L 4] 384 Jin
(K2),

Xof B ZHL | A 42 ) AN A L ot W e 42 A 4R B A
il 2R SR M i 2 21 PPARGCIA Ji5 ) [X. DNA
FACACF BRI, Z R A G EE L (F=4.216,P=
0.030) o 5 FEZHAH BE , i W5 42 ) 25 K B RR 19 5 21 41
H PPARGCIA J3 85 X DNA HUIEAL B 7K T g, fHL 22
FERGETT AT (P =0.349 ) 5 aff Bl 5 A FE 4L | B
il 20 K RO M I 2 S PPARGCIA JR 8 1 IX

7 22007, SNK-q 50 )

3 itig

SA A LI TR A DR - 2R E R BIL A R Y B A
L TE DR R AL RS T o ORI R 2R
i 107 1 2 TR e 2% 4R AL R T AE Bt 1 37 BT, A 02 1 M AR
% (reactive oxygen species, ROS) fx B IR, 2k ki
TR H B 22802 5 W8 PR ST R E 1 s BR AR P27 20
A, HOBCH B8 2 R Y 52 45 A 25 B 2O 5 0 PR
e LI A 1) KA AR 3T

PGC-1o i 3 X T2 PR Bl & 5 4 1 ( mitochondrial
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fusion protein 1, Mfnl )  Mfn2 1 &I ¥ #ff 2 X 45 &
(optic atrophy protein 1, Opal) . 3l J1#H = H A 1
(dynamic related protein 1, Drpl) .2 Fi{kr24E T 1
( mitochondrial fission protein 1, Fisl) B9 45, 5% i 2% ki
WIEA . A, PCC-1a W] 4 45 LR R JE i 53 7E , 1Y
INEORLAAR e P 35 K 2ok ik 8 B &2 0 1 4E 4l oF fE
PR 5 T SO R S N I8 BT A AR 8 A R X T 2R
LA S A I8, B AT 1 5 A0 B 2l e S T T A A .
AWFFEEE R W, MUORE ) S W 42 1 2
KB R 2H 21 rp PGC-1o mRNA 5 8 B B FEAIR, H
A A) 2% S T g S, U B L0 0w A A A
AR PR R B, S5 2R I M ) Gk bR IS A M)
PGC-Tao mRNA 3 A7 B AR, BIOBE PR K BRUAE 9 fi5E v
PGC-1a mRNA 7 & 1) ek 48 HA A2 B R 1IE o
MnSOD JE 4 kLK A ROS A R Brfl . 24 0F
FELEY PCC-1a REALE 2 M ROS 15 B B 1Y R 3k .
AR 5E 2 W1, 78 LA 20 i o S A Gk PGC-la fE
BT MnSOD 48 BE 1 I i 55 1 4 16 ( glutathione
peroxidase , GPX1) ) % ik , fi& ik i A AL W) B B o UG
G, XA WFSERGE T PGC-1a BEIH 2 24> ROS W5 B,
AL 45 2 R AL T EORLAR 40 5T L K R A W e A Y
ROS TR 330 4 0 5 45 SR 1 ] i 4RO T A 2
JfL Hh ik 38 PGC-1oc RE I 5 401 7 I A5 473 IsF 440 S 114 77
T RES, T ] PGC-1a 353k 25 (145 40 i 5 3k LA 4Kt
AL DA o ASBIE ST 45 R s, AR DR R B 1Y)
H PGC-1a il MnSOD 2 H iR B FEAR, H 3 2L
F— 3, 78 PGC-1a HHEMCN MnSOD 1y {7 i 15 [A
¥ 8RR R D BT A B R Y, A8 AUk N
YERT, 23 DR iy &2 o ABEFE & B SOD2 mRNA 3
KA MnSOD 25 [ 3% 38 FEAIG, FL 5 Al RE7E T —
J5 1 ROS Ay 34 i B0 MnSOD #4114 #& 8 I, fe 5t 14 |
% SOD2 mRNA fyFRik, 5 —J7 M PGC-1a 5 T 1/E I
PO R4, a] BEAE % S5 I Ry o A b B4R AT
W5t % 2 0 v DNA HUEAR 24878 DNA AL
B2 ( DNA methyltransferase, DNMT) [ {8 1k T, LA
S-H3F F 7 & 2 ( S-adenosylmethionine , SAM ) Jfy F JE 1t
T K TR AL B e il B R, TEMELSh I,
DNA HIHEAL 8RR 7E 57 -CpG-37 ) C Al Ak |, A i
S-HIEH I E (57 C) o 2 FE I L AL 2K - (4 38 Jin el
LA i 5 15 g #6381 L van Hecke %' 3 DR
BN I SAM JKF AT, $2 78 DR B W] REAF1E
DNA s 418 119 1 44k . Chen %™ Jil 5 EDIC 32 i
A S PR AN B R R KT, A i S B 153 AR
G B4k, 225 A s FE A, B 400 0 1 B 155 4

PR AR AL, 247 AL AL, Forh 36 5 b i
i DA K I RE AR DG 1 B 48 s R A EAE B

PGC-la B PPARGCIA %ty , PPARGCIA J3 5+ X
1) CpG WAL m] 52 M 2 BUBE PR F8 35 F0 2 BROHE IR s
e DAURSE: A AT B I B4 i R 5 3R 1 43 W B JIE AR
B UL B S R RN AL AU TS R R
PRI 2R R T AR 9 2 U S 0 S
A& PRDM16 .BMP7 .CTBP2 1 PPARGCIA J:[H H
SEAR A TH R, ST A S I I8 A TR

CpG AT L2 FJE A7 78, — Fhid 70 BT DNA
I3 —Hp CpG 45y m E &b iy CpG &, CpG & — ik
BT HEE R 3+ X, ARG S 5 i i A 2
FNETH . @l ASEH Y] CpG & CpG i 5 38 5
b T AR B IEARRZS T AE CpG 5By LAAM CpG A g U J2
AL . ik DNA HTEE Ak f0 00, A A 5% b 2k R
PPARGCIA & 5 i i b ¥iF 29 500 bp X ) P - 529,
~477 =326 ,-215 - 186 F1-178 1L 6 4~ CpG fif i, Xf
5 S 0 2H K BRI 2 2 PPARGCIA J3 3+ X I
FEACIR S HEAT RN , 45 S 27 0l PR s K B AL o Ji6E 2 21
i PPARGCIA JE 3 X DNA H ALK ST . I 4
E2o 7 N S 11 S ol I RN e W T
PPARGC1A J7 )T 1X DNA H JE Ak 1 7K - 5 %f B 21 B
BIE, ERAGITFE L S5 RKEMME PGC-1a
BE IR S ah AR s AR A B, 43 o R i R R 1) i 2H
2 PPARGCIA J58)¥ X DNA B Ak 7K 7 5 v dE
J& PGC-1oe mRNA FIEE [ A 3R 3k 52 30 i A HC 128
B A

25 E TR A ISR SO0 IR T T ORI ) R
H PGC-1o J K FI SR 1 32255 T K&, HLBE IR K B
LR B PGC-1ow 33K 1 20 A8 A7 FE AR i 12 B 4
PPARGCIA JE 51X DNA HIEL Ak /K 7 B 3 hn v] 5 5
PGC-1a FRIK 52 B LA K ACEHC IS A K
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