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IMAEFER [XHECIE ) BRARIATE
— ~ Diabetes Control and Complications Trial

(B5¥8 DCCT)’

HPGIT 1983 FEE » 1EE£B K AIERIEL29 5K
BEBCAMA 1,441 (55— RUBEPRIG B & » 7Rl — %
MAEFEdIE (R R EE2 12 IR S 4 ) BilfE
R pE el (RER 3 R UL E RS B B 5 %
) > BB 6.5 o B hafi IR - HIAHAY
L REA LI 158 0 ol B — ik i B 2 T H 9.1% A1
T i T AR 52 1 RH 7.2% o i SRS B » R oim i 2
HIIRE b — s P2 R A B AL 1 3R kD 7 2% » ]
58K 76% HYJ 15 A8 FEE 9 58 > 54% Y B ik 5 B 60%
W RIES R R 5 4 = Pt AR FE RS % > K2
FEB P2 I S P2 o
_ ~ Epidemiology of Diabetes Interventions

and Complications Trial (&8 EDIC)>®’

¥I{E DCCT WFJEMs W2 1% » gt A —
RESE — BRUBE PRI B8 R A B B SR - 5B
B FAFEY > e L 22 ol At 3 e <2 A Y I B 2 o
Z 1% W L R0 W AL €0 38 1Y 22 PR L > U
% o WUAH AR E 2 M Lin €38 O MERE 5 72 5 (iR
IR PR IR 7.29% 881 8.2% » — M M bE e hilAH
HH9.1% 5 11 8.1% > P=0.09) o &ff S8 — i 11 4§ 22
IR A E AL (38 20 T AE RGP A B |
I+ o R ANEE BRAE DCCT iF 5% — i 4k BN B2 52 7
i T 422 TR S0 5 RH S — M IR 52 hAH > ()
DI AAEIE s 5 e s o B 0 K
FH BT B s B > S BT RA o= I S N o
iE & H RS2 - E1H%W A H DCCT i 7245
Wtk NFHEB IR 12 F1R 5 B > MIFAtGHEE —
% LA 42 TR R AR AR g ~ R A AT
O MEERIN BIERE A2 5 H1E50% ~ 25%
F114% o FH I > b i B 22 fiLAE e _E A O 5%
TEFE A RIS 21% ~ 9% F19% ° 38 B AT
REREGE 7 TGHECE ) FBES » — MR b
HIRELEE 28 A W GA 4G M T i BE PRI > 2%
B0 A cir A 2 1] > B 2R M AL I 1 3 B A ol
2 T A A S 72 5 (H (T A 5 O PR

— ~ United Kingdom Prospective Diabetes

Study (58 UKPDS)®

B> 95 B H U8 JT 1977 4 B 4 0 B1 #14,209
LT EZ W s — RURE IR R LSRR
Pl (H AR HE #2218 10 HE <270 mg/dL ) B i
TR 2 1) (8 P 1T Al 2 i 0 2 7 s 56 PR 3 2
(sulfonylurea) B [ 55 3% » 8 5 3t% 5 5 FH #E AV
(metformin) » EAFHERF2ZREIMAE < 108 mg/dL) »
BB 1% Mt 2B e n 5
7.9% F27.0% o T i IR 42 il H LL (B R 2 il
fH > AE/ N GF BEAE (AR ~ T i A R A i
i) W AEA > AV B IR () 25% 1Y f&
Bar) » KIMAE OF S FEMED LD 16% By fEbatE » =
RS 5 o

WHFEsE R i% » Hoh G 3277 % & %k
FECEBE » (EAMT72 A R E K Z RTHIR T
X FRGE A > AR A RS (L 3% 2 R
FE R BBIATTEERMAEEHIERE - R
afi (/N I8 OF B8 9E (107D 24%, P=0.001) ~ LI
W FE 11 3% 26 28 (D 15%, P=0.01) JL 8 128 (I
1 13%, P=0.007) B A HERFR° - KILHGEE
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(alloxan) &5 FEMERIK o Z 1 O A HE PRI B)
PIE o B =8/ BB —/ MR E R Z AR R
TR HERT = MAEIRRE - 55—/ NRH B FI e e
RAF M AE PRI LA - 58 =/ AR Al — A Ak
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TR BRI o R F A p 724 SRR - = I
BRI IR > AR OFSERE KRB B B IRIR
YIELBARG 7 > i B BE (b & i S B A a]
YA o AR BN HE B IR E LR AR E
o b —RFgERE IR - thiE A T iR TR TCEEC
B RS -

—iRRERE

TERS IR M A Fe S 30 - R EB S =
T B R P 9 B2 AR > B 2 2[Rl I IR
ZHEENERRIR > e R AR R
(fibronectin) FIFE & H (type IV collagen) il
4461 E (extracellular matrix » {5 8 ECM) #Y £ &
o SH—(EEERAIFEEE - N RN R R R R I
AP © &85 nuclear factor kappa-light-
chain-enhancer of activated B cells ( fifi#fi NF- x B)
p65 subunit > % 58 5 K Rl 5L BR ) 4 55 48 4
2o g aiE e B B - AN R R I
1A B R B 7 v I K > #e3d R I A D RE
SR TR -

i e Lt R AR R 5% ~ BP0 B B A I
Rz I MU IS B amfgh & E
B ik S i DI B2 9 =0 | ki A E I - I
TR IRE - ATy ) 7 A6 It B W R ) 3 5%
SiE 5 AH B - 5 (E BE A W — A 5 AR 8 LE
B HIARRE » i 2AC LI T A~ o 72 A W PR ) O 38
Jif o L4t #8 H DCCT/EDIC FII UKPDS # B »
ANEREH— A ZAUBEIRIE - AR RS
TR UE PR T A B I O S E Y
A RO R - BT ) IS 2 5 | A RO OF 38 1
EE Gz —"
= REDEBEZ D Tl

e IR 5 [RC R R i 7w 8 > = SERE@ Y
Ff % 1K B0 45 33 1l polyol F11 hexosamine HY % 15
T B EE M C /Y IE 1L (protein kinase C,
fidi #3 PK.C) LA B 3t 2 1) I AL #% 11 /2 ) (advanced
glycation end products * fj 1§ AGE) o #% Hi 12 £t
FRASHY L - FESHIIE A ® S 1 RS LY
(superoxide) » MM & BHMATIRE o BLIt > &l
W & 51 58 A B g A IR 49 00 - i A 9
fi¥ & K f- (vascular endothelial growth factor, fifj
3 VEGF) » ##{b i K K B (transforming growth

B R

#F &4

[

factor-, fiii ¥ TGF-p), 1 %H [k /5 38 Bl &K N +
1(insulin-like growth factor 1, f& % IGF-1) » fU/]\
I & W k> 15 AL NF- 2 B B& (S B I8 58 %6 X
E" o {HT AR R B > i IR 5 | RE A OF 8 iE
% A B ) R 2 8 H (epigenetic) B o ] 3H
epigenetic 7 &5 AT A B EEKI S ERtEH] - (HIf
NG LN DNA 914 S rydiess » FEIKI4HY
{6 > GO 5 0 B R 5L K DNA )5 28 |
IS A58 R DT it A B S/ M - S 11 e B L TR T A
Rfuk% rh B B SR N - 2 B AR > FTRE(E S
ENWOEA L B ATEAL > M Rl & 1 E R A
o RHERE B E R EE ™ o S5t BB
38 LRI AR FE A o AN & RE R e R
M2 ARHTETIMIBA » Y » et &
CHWEEYE —#% - & B E R AP
' EHNERELEEE (epigenome) ©

H Al 2 1 25 8138 8 5L (epigenetic mecha-
nism)H A = A : 55— 2 CpG (cytosine-
phosphate-guanine .2 f& %) /)N &5 (CpG islands) Y
DNA H EAl (methylation)' 3 25 — B i#EE %)%
FRIERGTIRE » A0S G HH & 1 (histone) R Umak
QR AaRE - ETHERGERIEE " s B =A%
{87 RNA(micro RNAs) th A Z KE G ) D RE -
N TR S IR R o — e 2 (R 3T Em
mE e
(—)DNAHEE(L

1E CpG /)N 5 Y DNA b AT 11 il 5 (KT iy
FRH - F SRR IR BSOS RE B B < 28
ifi » B /DWFFCERET DNA /Y F AL AIWE PRI B B
% o WEFCEEEL - 2 BEILHRE A B R 5 2
&)1 (promoter) DNA /& # FH E: ALy » A E 2
BE S o3 AL R PR ek ) g IR IR A 25 FH R AL
{5 ik =5 38 BE N 15 LSRR - bl I m] 1 3R 88
(epigenetic) 13 i o R BE R e T R 282 o I —
(A8 B B - (E RS = N S H AR & 52
HH 8 —AUBE IR » B R & e
—{E#EE K Pdx1 > 1M RSB MR S R L A Ry R B
Ko pAliReIey s34k - HEAAHE H 2 (EEfiFT DNA
WAL A B o IOk BRE E kT
5 [ B8 & ¥ /0 peroxisome proliferator-activated
receptor-y ( i PPARy) 3% & H (co-activator)
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lo % X (fff M PGC1A) HIDNAR £t k> 1M
PGC-1a ' FH 75 3 122 KA i 1 255 KT B W PR 7 3
Ffi* o %47 AJENL/INVE (myotubes) N 82 S SE [K] -+
a (tumor necrosis factor-a, fifi #i TNF-a) F1157EE A
5 P (R > & SE B PGC1A DNAE T FH B AL
(hypermethylation) ° #& PRI A B B 88 AL ELEE E
T WEEIA DNA B FEALAgTER > -
(Z) HHER S

AR A % Wb Fe o - REBUE AV AH &
T SO AR PRI (S E A B - HfHEH £
fif 3L 3 2 i% 32 (histone acetyltransferases, fitj fi
HATs) 7] Z i {bAH & 0 it i B 1% (lysine) » —
i & 5 BCEE RIE AL o 1M & £ R B 5% 34 (histone
deacetylases * fij i HDACs) I {F H Il @ £ B £
Wik o B 73 B HATs FITHDACs 7] FF£fi NF- x B
ISR ALAB T 207 » BEUT W 8 R BRI
() Css > o 457 B S RE R ER B - @i
HATs » {5 15 3R 8 & BF -2 (cyclocoxygenase-2, fif]
T COX-2) Il TNF-o By 3 (R K FLHE 17 © p300 /2
— fH HATs » 5% 300 /& i B8 & (50 =5 0 - #€
NF- % B B 5% (5 B 1K » 1M {5 15 P9 B2 A AR ~
PUAEHES ~ T el AT M ) H I S B B M - i o
F% A DR OF 8 9E 7 - HDACS ¥1 /2 TGE-g1 5| #E
(AT S [ G 0l B D At LAk A R A
@ o % F HDAC WY 4111 il 71 Trichostatin (TSA) AJ
N TGF-p1 51 FEHTHEAE(LIE I « 2K HDAC
ALK GIER (knockout) » thA] 5[ FA{LIH TSA B
PR o HHEIFFEH 5 HDAC inhibitor F 5% 214
COMUEZE » n] D IESER D NLEEIE > tho] F A
IEIEENE I OF B E 7 o

MR & H 8 Z B AL > HIAH &
L& AR € H 5T FF A » AT DU 5L X1 8 5 ol v
sl A TEAL o #H & H ey IR AL ER 7 BB it =
FEAN A B 2 E 1R & F {8 (arginine
methyltransferase) 8 [ H 2.7 1 SET (Su(var),
Enhancer of zeste (E(z)), and Trithorax) & H & 1)
8 2 e 2L 88 (L B% (lysine methyltransferase)3.
JESET{H{UDOT-1#YE H'E - HHLIE A SET
Wi % HEH — s o A m{E 7T B
SET7 #12 m MME & Rk AR IS A A BR > - 3%
HEHUR > WSO AH & H3 Lys4#Y SET7 H

SV G o g5 BENE IR A 0T A K R T
B AR R BRMRAAR ¢ i FrE 1 2 R b
{EE Bl o 3515 SET7 8 SET9 1Y 3 [K HI 5 »
Il 30 761 1 BE AL I FH NF- e B 5| RE A {E 5% %6
FERFEW > 15 AGE 5] 3 1J TNFa £ S100B
R REEE R R IEY o 5 —(EHH & (LB
SUV39H1 » HIl 4% 58 35wl #E HH H Z5{L H3 Lys9 »
110 REL b 8 PR A7 1) I8 2 i FIL A L P £ 288 ¢ B AT
ALY e EERth B R > SET7 R A A% {b fH &
H o R ANE CEA IR E A E A E > Wl ps3
p65 » 1B EHE 28 X FE o Kt SET7 BT /2 i I
Wi | RE(E 58 46 I Ry B IR ©
(=) ME RNA

ITAHEET > (78 RNA & —FERLRY » #921-23
{18 ¥ H T #H 5 AU RNA » 7] 58 5 mRNA 2 85 §%
JU K (post-transcriptional silencing) ~ & 3% #]I il

(translational repression) 5% [ fi# (degradation)™* o

H B E &1 8 RNA AT 38 B R 5 38 89 70 Wb ~
W2 5] P2 0 02 1k ~ i O 0 A3t e g G A R
(adipogenesis) 2 tH R K] > H 55 W8 PRI B0 1%
B BB IR 2— P o HAb o A RNA JIA
TGF-p 5| REHIWE RS B R 5 A B - 546 T B
BRAETETE HHR TGF-B 8BRS = g (B PR )

TGP > FIlEr E B — L8 RNA » 4T miR-192
miR-216a ~ miR-217 A1 miR-377 ¥3 /i1 » 3¢ 1777 45 71
B IR L RIAEAE L2 B 1 ™' © Dicer 2 — &%
ZHA RNA AR » 35515 B B i < Al A
(podocyte) H Dicer £ (K 51 Ff > /N & 8§ IR
PR~ BRI BB IVE RIS E o rTAIA RNA ¥t
FAE AL T R A G o

Pa R R B IR X 5 SN AR R R R R ER
BEETINEE
— &b

bE 2 F i K o RS NS IRIR Y fE
i th s < M0 - 5 A2 A1 A0S ZA0HE PRIR
WA —Fk » #&H FE LA TE (oxidative capacity)
WD FIRLAR 8 DI REAS 22 B T © ST 2K BB
5% MR 52 B R $i (respiratory chain) 1Y [§H
BL R F A E (F R > n] RERE 2 8BS rY - i
5501 o A1 COXTAL IR BEIT— &4 » W B
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TENEPRIFIR A RIBLA E B @b 0% 5 i —
(B3 GNP NI i YNSRI
COX7A1TEE)H) DNA FHEEALHIIN » 1 {5 B (K]
D@ o BEAh 0 COXTALTE B A& WL IE R &
e H A A RE RIS o RIS R U R 5
—{EZ AL —AURE IR R LRI R L - R A NS
T (glucokinase) xe AT i 1] FH % %) #i5 1) 28 22 i
0 PR BUCERE PRI AR BTG PR ™ o
I FH & SSUR T Tl i 1 B s B > A ORI B AEE
TR o FLA I HE R B 1Y) DNA H B g
> (o8 B R BOS PR * o
Z B EREERER

AE ek th 2 B — AR PR 998 Y B 2 1 B X 1
Z— o N AT e B — Ff 4 7% Thdm2a B #H &
H % B 3 B (demethylase) ¥& & T g » D &
BE WL b — 2 {3 35 (K 59 22 3 > 400 peroxisome

B R

#F &4

[

proliferator-activated receptor-a ( fifj i PPAR-a) I
H 5 5 5 i 8 A R S8 (medium-chain acyl-CoA
dehydrogenase)® o 4% HU 11" &5 2 th o] GE A4S H 25 8
AR R o T CACAE R DRI ) SR BT R 1Y 5 2
T o Agouti B K] & — F 6 % SLAY B 58 Rl 35 1
fIEEIN o A agouti B FRIARIEH - WK S H
AR ~ i PR 9 B2 9 (1) Fi R 27%° o agouti 2
K R AL R RE S » 2 B Ny R - 1
TR E 2 [l A B CNIRE RE R Y JEL e o FFER SR8
W o BREIE 2 agouti £ Bl — 2L €1 /£ DNA L3R
IR EERRARE (e - 038N ~ #Efthan B12 ~ THZR
i (betaine) FIIENE (choline) » AT HIHNES — 1/ N5
() DNA H B AL » #Tfi agouti B& RIFY ZE 3 - 1 #if
AIFERE® « BEEHEI - FuivRs RS E K
FH AR Bl M ) R R (8 L - RS Y
INRT e IS o BREER R R SR R

G REETAL ST E

v

A LA R S AR

B lco-activators

T BRI T

HIHIRE B R S Al

\NF- x B, TGF- B % /

N
,////, Y
v remodeling
MPRNAs ) ~( DNAHIEAE,
~ A ,
T a SR AT R

(epigenetic modification)
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BRENARE LS -

BEPRIA OFAE - ANt
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x1: ERDEDAEEKREE

Fai]

== =4
EFR

ES PG

(epigenetic)

REEEINRE

(epigenome)

REBLEERS

(epigenetic mechanism)

AH & F &

(histone modification)

DNA HEAL
(methylation)

U RNA
(microRNAs)

PiTE $ B IR BB 1 > (BN €l DNA BE K e8I A S cicsd - SRR R R > (21
PN BEHEE] DNA BRI & 28 E o MEHINR3E L8 7)1 i Bk IR A s 1 B M - [ 0 R LA
FEAMINE A Bl BRI 7 2 A BAER - ATREME SR BHE (L BURAIEAL » MR ERE
B B & BRI RIE o

1 (3 DNA JE [N e 511E 20 otk > BRI A SRR R G HAlEE
i —CHURIIE - AR RN -

% H1 DNA B FH BB FH L B DNA FHE F ) LR s ZRRL - 1R B A 2B sl A
KL > HIb > AR R BLE R B (alleles) HURITEL A » HUR S HILRKEH
SCBIBCRERL o A LEEE I - 2 RS AR AN & K3 - RS RIBUEHHIGC (Epigenetic

imprinting ) ©

FHEE E W Rt E (chromatin) P& FEEMY  H2A, H2B, H3 M H4TEACHHEE BT R9A% L
AR T#%/ M8 (nucleosome ) o BB/ MIEHIE 146 [ERE L ES (base pairs) [ DNA © fAEH
R AR R ISR - WAL ~ ZRBILEkBENE (L3 - FEHIS LLiE VBN IEER » 7T 3R
PEYL B G LS -

B L LS DNA » a0 SR RIF) RIR - DNA LA @RI » TN R ELIRAyZes » Q)
AR ENEAL o MO > 2572 DNA FHELIRD » @l SRR BTN o H R332 8y
DNA AL » 72 CpG/NEs (CpG islands) © 33 1 sk 19 52 K0 & & & CpG (300-3000 figi 5
$H Y S E I LB E RSB (promoter) RIS

TR E P ERRNA - #921-23 (B HEEMRL > 738 mRNA Z#EEETTER (post-transcriptional
silencing ) ~ #EEEIIE] (translational repression ) B¢[#f# ( degradation) °

ERA AR E B R KRS S A MK ~ Kk
FLOIME I EIRE o 8 B A SR BEF AN R B0E
BRI ERE T o
= EFgREZ=E

R ARSI REAE ~ JIL A A8HEE AEL i e 3 AT RER
B2 IRE G - #R AT REA /D 5 Bl R R A
(%) J B A TR o Sl oy 15 115 AL ) e 7 W S 8
H HE 4 (glucose transporter 4 » il GLUT4) 3
RIZRHL™ » 1 GLUT4 Y 225 S 52 B 8% (K] - 1L
AR (EEE K - 2 (myocyte enhancer factor 2 » fij
3 MEF2) FJad#E o (EAfifEsZ » MEF2 flIfHEE H
= LM HME RS (B HDACS) & A 2" -
BN 0 HDACS & FIIMEF2 75 > S8 1% e Bl
Mok M B MRS ™77 - $235 > MEF2 & FIEZ i
PPARy 380 & H (co-activator) 1a (PPARGCIA)
Kl B 1 iR B RS 8% 3R (HATs) —#E217FH - &
A GLUT4 E:RIHAH 2 H ZBiAb > mHEI1 GLUT4
E"j?%f 75,78,79 °

#7Er FORr E B AS R AE > B2 K
F o WEREAL -~ NERE - B B ANES) R AT pe SO
FBLE LS > THERA U - BRoEM R
IR IR A - HITR SH 2 1R A8 ST

[MJER eI TR IR
B 7 I g Rz Ah o o B e 9 th A RE
MBI L RURRFEAS IR o
FEPEIC19904F » 1 £ F H 4 1 & 1 B2
A RER BB B > va A oy R =4 > 70 B
K 52-6 08 ~ 6-1038 Fl12-10 8 K B RF (% > #5 T
4 8¢ 8 J& #] angiotensin converting enzyme 1 il 7
(&5 #8 ACEI) perindopril B 15 % » %} 08 #H HIl 2
7] — B IS G 7 2K 887K = A R 25 5B Ry
M7 i€ P L IR - 308 30 R L B R 5 4 1% 1T IR A
ET o (HR A AR B IR o — D E
B YR A LR HERH Y JRE B D00 s > B
BEACKHIIEZE D o 55 - M MREEE R B 4 681
perindopril {5 % > F7E£20-24 3 K KBS L »
AN A1 BRI BRI 0 o
It 4% 5 AE PG JT 1999 4F 2005 47 H [
TROPHY 1/F5€ (Feasibility of Treating Prehyperten-
sion with an Angiotensin-Receptor Blocker) &
B 1F 36 B #h A 809 17 =y Ifil JAR Aif FA (Ui #ig AR
130-139mmH Il | &7 55 JFE (K 72 89mmHg B J& &7
gi B2 85-89mmHg H. Y% #d B 1K 12 139mmHg) (1
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i A > —#H %5 T candesartan (ARB) {5 % » 5 —
fHfG ¥ 2R o IR B 1% > WA AR A S
TATAA[ S5 - PGB B W S BT B
2 candesartan {5 SRR A > 12 DY 1% B Bafd R
fRf > e 1 RR 5 A AR AR A R B ™ o b3k
4y {16 B B > (DL T B 8 v I JRR 1) 3 8 th B RE AU

TEHECIE L BOTER » (H ECBREEHI 35 52 2 bt

e M REEE

6 e R A 22 B (R m] e 1% K 3R
15 TR 34 5 B I DX 3 e B A B (IR i - o2
A RE 2 H R A Z Al e 2 T — (Ul
(50 v LB T RE 5 | REAH 2 1 R U R BR L B
(histone lysine methyltransferases, HMTs) ~ §& %
Iz 2 FH BL 8% (lysine demethylases) 5z DNA H 3L 1L
SEBEEAR 1 T S RONE RIS & RO SHE
MY EEA o BT LAERE RIS IR I » a0 SR AF 4
PERIME - &2 EE SRR EYE iz
BRsE R sd g e > s a H SR 28 -
SRR PRI BB A U e AR A > T RE
fREE A HALEY ek K+ - RS R BT~ AE
R~ AR~ BRI - BERD ~ AT
8 s FEGEESE - iE e fgba A4 5 m] 5] #E
REBUBEEL - 0 LS s 5 58 SR il s
HIEE® o #EH B mpER TMUHEEL 20+
P B B SR TR - OR AR BCET AT g A
B PR VR R LA TR RS OF S oL
A o LRI PR BRI i 2 il T i ey =R 2

SZ Xk
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The Possible Mechanisms of “Metabolic Memory”
in Diabetic Complications

Wan-Ni Tsai, Shih-Yi Lin, and Wayne Huey-Herng Sheu
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It is well established that patients with diabetes mellitus suffered from a variety of diabetes associated
complications, including macrovascular diseases such as coronary artery disease, stroke, and peripheral arterial
disease, as well as microvascular complications such as diabetic retinopathy, nephropathy, and neuropathy.
Findings from multiple major clinical interventional trials (i.e. DCCT, EDIC, and UKPDS) have consistently
demonstrated that early glycemic control could lead to reduction of long-term complications, in particularly
microvascular complications. Subsequent following up studies in the EDIC and UKPDS expanded and further
concreted these observations that subjects originally assigned in the intensive treatment group continued to have
significant lower diabetic macro- and micro-vascular complications as well as all-cause mortality as compared to
patients who were in the conventional treatment group. These findings have led to the proposed hypothesis of

“metabolic memory” . In recent years, it is suggested that hyperglycemia might cause alteration of epigenetic,
such as DNA methylation, histone structure or microRNAs expression, and then cause increase proinflammatory
genes expression and associate with various diabetic complications. In addition, the epigenome that has been
modified by hyperglycemia can be transmitted through replication. Based on the further understanding of the
molecular mechanisms of “metabolic memory” , it is hope to discover new therapeutic targets to reduce or prevent
the development of diabetic complications. (J Intern Med Taiwan 2011; 22: 314-323)



