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CREM, # M FECONAMIET: . RAAS RGUEIE R
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77 FVE ST B PRI 0o LIS 1) SRR it SR, VR 22 KA
I R SR I, X6 T 08 R A IR0 ) 3 (1) R 3
TR 2 o) LA S 38 A O R T A O L R
. BN, 20154 Kk R AE Lancet EIIRE T S45 T B4 K
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FIUKPDS%5)”, 5 7EF 0 BEWE 6 7 X0 B FR 95 H 2 o 0
BRI SRR, 25 03K 0, SR o fl AT LA
BE IR B O WIFEFE AR 1) R A, HBA R S T
O JTBE N R ERFE T B KU XA R, SR
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T AR m R CAZ I R LRI Ak R, Sk — 20T
SR T A PRI O SIS ()T S RN 24 ) B A B 1 RN S 56
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maps R IVRIRIEE S, EREEAFEREMN
Al [ AGEs& i, AGEsRENSAZ BEAH i 4 b FE Jif A 2
FEEA, BN, 5 8ET Tk DI Re NG, thAb,
AGESsit m] DL i 5 HRF 3 1 40 i 3% 10 52 148 (receptor
for AGEs, RAGE)E B #:4F H % 5 NBuH 4 i 2
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R ERAE TN SN, 2 — 2B 51 IS N AR ] B
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By, AGEsilid#lH|FK506-%54 & E12.6(FK506-
binding protein 12.6, FKBP12.6)5 £ B i 52 &2 (rya-
nodine receptor 2, RyR2)JFHEA/EH, f.Co M40 AE A
BB IR B T, Sk g B AL FEAIC, 530 UL ZE R
P, A FRBOL NG FET 5K D RE AT, SSABLr At
TR I, H5IEIE K HE A SERCA2H AGEs 21 J5
Dige = R, FECONIARASE R, 9k
RESK I RE RS P2 AN, AGEst T LUE 5
Bl C I B H 2 BOE e RARROS I ZE A, 51 /SO LA
fry T,

EAERRZE, AVRY, T4 RAGEsH—
Z 5 AR BEERE AL 2 B (Maillard 23 24 R B B AS
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UOHE AL T 4 2 S AR R AR 1, MR SRR e, ME DA
PRI AR DRI, B R mE R R R, R AR
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AGEsTEM ] B8 M mfE I 2B % 10 55 B R R AL 2 —
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Figure 1 AGEs promote the genesis and progression of diabetic cardiomyopathy by participating in a variety of signal pathways in different

cell types

2 microRNAs

microRNAs(miRNAs) &I H R B R B — 2R A
BUOL N RIS AEAEH B AEH IS /NRNA. KA miR-
NAs— e il A B A Ji ) 5 R mRN As [ 33
JE#H 3 [X (untranslated region, UTR)/F 4158 & 8 AN 5 42
AN £, B AREMRNASEAN HImRNAs O F 7, Sebx
b, —FhmiRNARESE EE [ 50 H P I mRNA, FF LAt g5
AR 2 AE TR LA R R R ik R, K&
FIBFTE R B, miRNAsTEIS 25 2 FiEY) 5 i,
B, AALREE . AT JRRUTAREERY fE
o AR . B R A uﬂu[ﬂl”@f%rjg%ﬂjfh
BEAEBUR A TR E) E AT Zhongss
NCHLERE PR K BB E Bk R B T = R ik i 22
%35 HImiRNAs(miR-125b, miR-29a-3pFimiR-146a-
5p). SEXTHEZHARLE, X =FimiRNASTERE S 26T
KR EFIKF IR E T REL. AT
AN TAENEBNIKAN A, miR-125bXf TNF-aif 3
HJ & F13(TNF-o0, induced protein 3, TNFAIP3)LA & miR-
146a-5p X TNFSZ 44 AH % K F-6(TNF receptor-associated
factor 6, TRAF6)FIIL-132 {4 HH < Bl 1 IRAK 1) Y B2
PATEH. B LE A KPR B IR IS, X = AN EE A

(TNFAIP3, TRAF6FRAKI)HIE (A /K- HIARLATI 5%
FRELAFAE, (HX PR AT DLdE i @ miR-125bEd %
ZmiR-146a-5pK K E. StrycharzZs N AT I 5 — T
WEFLRH, FENRIT A A & I A2 o 25 1 50 8 1 s A )
B, AR BOSCA IR D7 40 B B miRNAs Rk K A48
b, HFRIRE 5K AR 5 T v W PR 14 i 17 4 17 3
BRI, T PengZe APR TN, bl S kMR I s £
L% 0 miR-204 [ 1 R 2R i £ T R
(SIRT1)) 1 ] £E B B9 im0 5 15 AR SR A7 A, X
S8 5 M (endoplasmic reticulum, ER)NJATSE f5 40
JE T

Costantino®s \P7VR I, 755 IR 14 2 (streptozoto-
cin, STZ)i% S T U8 IRAw /N UG E, A 316 miR-
NAsRIEHIL 1 75, Hd BEA209%, M
FH107F. A REMZ, 2GR E 1L MU L
Ji, IX316FHmiRNAs 7 1268 7E /1N B3O I H I IA AT
SRFEE. NUHE TR T A R, FrER IS R
1X268FmiRNASHE [ (1) 3L R 5 2 PP {5 Sd s A ok,
FE4N PRI T2 (miR-320b, miR-378FImiR-34a), £F4Efk
(miR-125b, miR-150, miR-199a, miR-29bF1miR30a),
L AUIE B (miR-1, miR-150, miR-199a, miR-133a, miR-
214, miR-29a, miR-125b, miR-221F1miR-212), H W
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(miR-133a, miR-221, miR-21281miR30a), Z AL ¥
(miR-221, miR-146a, miR-34a, miR-210, miR-19b,
miR125b, miR27aMImiR-155)A1.0r /75 35 (miR-423,
miR-499F1miR-199a). XU FE R B, IFEH% ] HEA
RE 5 4200 5 i i i B 51 762 1O I miRN A sk (1) 24
A5 XN L ERECAZ I R AR A T — R B
Fi F%. BT, Cosentino AP R I, JunD(# 3% H
1L 2 A 1 (activator protein-1, AP-1)FEML R Z —)
T BRSO = UE BLROS 512 o LI BE RS
R BRI ER. A TREs Rt — bR, JunDIEE
iK K [ B 52 L TR S Bl X A A DL R
miR-673 B A FH iR 4.

BT, A NPT BT 7 i B, AR R /S o UL
S THE I miR-32038 5 7E 41 A A% P {2 i Ago2 5 RNA
REMI 44, SHmbamcD36H A it FHaEi
CD36 S E0 0 WLAH M R B 22 1 A MR R, A T 384
R P R A1, (e Bk O LA P 12, 353405 0 Th RE T 5
g R R . 2 44 18 B AR % 2 Junichi Sadoshima
HAZINN, miR-320%F CD36%% S [F1ik £ i, A& —Fl
10 i J5R B8 i A 5 e g o AR A KT T L. miR-
3207F i il it 45 A Ago2 JE RRNAE SITERE &)
RIFRNATHAEH, TERE RIIRAS T 41 B A% P miR-
320 F i, HAgo2fEAMIZ NTE R T Feik & &4, T
RERE TR DY eah, AR I g
EoR, FERE R /N B O BE R it R A miR-30 1] L]

- prend
YIRS
FEmE BRET
l LFHEY
ILVNAEE
S0¥E .
l B
SHRDH
IERMKE
INI=iE

- BEBUTAR

PGC-1P3E 33k & T PPAR G B4 FRITGE, AT 24
S PRI O EA T, DR O i B 0, X DO R AT 2 £
P IIYER]. miR-320F1miR-30%f /& CostantinoZ A7
TR PR B CIZ Y ImiRNAs.  [Kt, miRNAs
A G 10 B 75t PR O LS P B AZ IR (B HL
iz —.

p AL, B m R AZ M A miRN AsiE i 7 T
TS S EEs, ERE R ORI ERHCAZ I R Pk
5 L (E2).

3 RRLRAE AL R ST

LR SRR 1) A L R R I 8 A e R R 4 I
B RIE R BN 2 0 AL B She(Sre
homology 2 domain containing)J K 4fid 1%k & A
HEFR: pa6™, p527 Fip66™ . Forft, p66™ imk—
Z 5 R TE A RN AL R ]G, p66she kR
Bl LLE IR D ROSHIF= A, B3 i i 5 10 14 & 3
BEBUH™. Cosentino B BN HIBFTE K B, FERE LRI /N
EBIK T, p66°" I e 75 MUV 2 IE 4 J5 T 8277
fE. p66° " HIFF BT 2 S HROSHIFF &7/ . NOZE
YO BERRAIG, BB RAIIIET:. p66™ . ROS. %
R 368 A 16 1 AR B, 10 SR C 1 0 S [0 T o % 1 17 R,
AR INEE. (EMFEYR 2 IEH 5, mikp66™ %X At
BEANHIROS I A, WIS 4514 (1) A B2 The, X 3R

miR-125b, miR-29a-3p, miR-146a-5p
miR-320b, miR-378, miR-34a

miR-125b, miR-150, miR-199a, miR-29b, miR30a

miR-1, miR-150, miR-199a, miR-133a, miR-214, miR-29a,
miR-125b, miR-221, miR-212

miR-133a, miR-221, miR-212, miR30a

miR-204, miR-221, miR-146a, miR-34a, miR-210, miR-19b,
miR125b, miR27a, miR-155

miR-423, miR-499, miR-199a

miR-320

Bl 2 AASPECIZERImIRNASS 5 OHUEE . LR S REBE N A 2 e 224 3 A

Figure 2 Persistently dysregulated miRNAs in diabetes even after normoglycemia are involved in various pathophysiological processes including

myocardial hypertrophy, fibrosis, and oxidative stress
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p66°"-ROSIE I A2 2 5 iy M0 12 B 5 1) 3 B AL o) 22
— Thnat2 N\VRBL, TR B KA Rz
il (human umbilical vein endothelial cells, HUVEC)7E &
SARMER R — B )5, Ak B BbR £ 9 R R E Ak B
(PKCRFINAD(PYHEAER) (1) EAIFREEAFAE. Lees
POV T s T 7E i UREAE /N BB 2 Bh Bk P R
R R B ZRF2(TGase 2)iH1L SROSHI AL T — AN
PEIR, XA EIE PR MR KPR IE 8 5 T R 2 A7
7, (HHEAT LS FRCys(— M TGase i il 7)) BiNAC
(ROSTEBRFIN-Z. 2 B 2 R ) 1k

7E LA, NADPHA LB 52 ROSAE 11
SR mE Y BRI, oL YN ADPH A AL B 1k
B g N, SEROSHI A4, 51k VL4
T A B R R ST R TR, 7R PRI Lo
/N RO L R, ZRRiARROS = A B R 38 i, [H]
i 2847 44K Y miR-92a-2-5p Mllet-7b-5p£E K JR I O LI
ANECC IR R R B R R FE. 2RI R I miR-92a-2-5p
Flllet-7b-5pH) T 1A B R MR SCHE R 4l iR (o 3=
b(cytochrome-b, Cytb)[f15Rik, 5lELRAROS ™A1
o, F& SRR ORI R AE K. CostantinoZs
AP iR let-7 X %2 5 T @ iiic iz 4
B T 2R KL AAROS ¥ 3 B 7 AR Al m] DL S i K i % miR -
NAsfI#IEP F, A AROS SmiRNAs T fE £
TE B (RSB IE 3, 16 SR VK IR 5 Gk SR A7 e, 2
B PRI 0o L R R CAZ B R 1 RO L 22— (E3).

4 AEHBHIDNAR I

VAR, W% K IIDNA AL A4 & (181 2
LI IR EEZNLH 2 —. B3I FXCpGih i
TR R B8 5 B R BE A 5%, MCpG iy — %
TR HF RS TIERF TS BTSSR,
R FECPDGE R E AN S, FHEo—P5HE
R A e, TP S R Y, R R
I P R R At T DR AE O ARAB I, X e — AN
WAERNIRE, BAGEREEL HRE R
T e FR SR A8 R X R, SRR E
TE A R 25 R RN Th e 3, O F2 AT 5] A 2 IR A
FEES,

El-Osta%s NCUBFFE A B, RIS B s I i s o £
P B2 40 % Rl P« B(NE-kB)p653IF 3 5 5 1 [X 35 7

- 7 -
,‘/ .
microRNA
=
\

FERRINIR

B3 mBERIECR R, AR A 2 R A RO SR R A
miRNATEH T2Rifk, e Al Aok im 2 = L5, S
W PR UL B A A B e e

Figure 3 Upon high glucose exposure, oxidative stress related
miRNAs and enzymes in cells upregulate the production of mitochon-
dria-derived ROS, which further promote the genesis and progression of
diabetic cardiomyopathy

AR R ALAS . FLAE FAL D v R = A 1)
1T EROSIE LT B 3 4 F B Set7/9f 41 5 (A H3 M & ik 4
F IR F (histone H3 lysine, 4H3K4)k A4 HHEALE
T, H3K AR F R AL —Fh SR i B S 546, A A
TR L B A2 1 2 DR A S . R B A NF-B p65 31 3k
(20 B H3 S Al e 20 1 IXOR AR IR R F AL, 33K
JENE SN RS BGETS, T HLAE B e T RS,
R AR MOE A RAEAERY, AN, R AH3BER-9
= H A (histone H3 Lys-9 trimethylation, H3K9me3)
Bt 25 T @ %S 0 50 BOE A AR sHe 12 B
GO AR, R R A2 R R R
Suv39h151L-6J5 3l T (45 &k b, TL-6J8 81 X 35,
H3K9me3 & MFEE I FE% 51 2 T IL-6/ s, &
B BT S BUKIL-6 )5 31 X IH3K 9me3 7K F- [ A& A
AR, T IR A T . kAR Th RE RERS ) 5
WA AT AT, AR, R AT N T R
2t PN L0 R T HATsCBP AT p300 /I 5548, {345 K 0E
R EF T X kA4 T H3KacHH4K act& i, Gttt
GERYE I, sk T AR AT AR, Miao2s AP
T I o W PR A R R AR A R AT R
BRI AW, KIZFhE S REH [ 5 G DG L A
KA T H3KOme2 &M, F-5 08 R H ACRE ik g B 5
FHK.
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E AR BR B R R A I 2 T I 1, (EE A
RAEFRENRWBELBM TN —, Hh—®HEn
A R TR IS A AR A ) 25 F IR S B e 1)
RERMRAR Y, R AT B B BT L 0 R
Z—(F4). [EBERNR, B RWBEEHRET
FIE K AE R 1 = BRI RO AR T RS e R
4, Zheng®F N2VRIN, vl RIE T U T E 0
415 P 2 4 i (bovine retinal capillary endothelial
cells, BRECs)""NADHK#i14: /i 2, Bt iffsirtuin-1(SITR1)
(7K, SR TV B IE 5 ) R KT 55 97 9F A s A
SIRT /KA BTl 5. A5 SCHRAROE, T = R 270
FEAIC T HUVECsH (i 18 B He e BESET8 5 M, J5
5 AE MR K 18] 5 IE 3 J5 A7k T k),

5 HAbALH

B PR B H A 2 A AL, Bl AR AR &
ALy MBS BRE RIRPUSE, PAipBERHG T ik 4
G2 fife M A 2 AL AT B & SR ARPI D AR IR . BR 1
IHE, o ) A R AR 2 SRS AR T SO LA A 1,
(R RS L UG M) A P2, B R A R, R
HEHE H GENEAE R AN P SRR T ROE, T84l
MRS ZARTT, DR RN R R, R4
2, U RE K g 17 240 P B e S 00 I i 4L 21,
BN FE L E T (A Y 10 T B I R 7RI, Wi

CPGERPEH, 1///9y////://

i,
[ SITRT
_SET8 | / '
Set7/9
H3K4me Tl
NF-kB 1

o
/ \ //
Suv39h1 b
(O] ®
H3K4me3 |
3 = [pa00
H3K9me2 1 HATSCBP ) [ /~

SRR T E A e s AR, S T AR R 2 3R
T4 24 il €, 2 P450(cytochrome P450, CYP)H 4 & i
(CYP2J2)TEM N 1 7= W) 46 48 VU I % (epoxyeicosatrie-
noic acids, EETs) W #{ IE SL B EERPLA . TRT/E
FH. T A A BN O30 00— TR 7 R B, R PR /N B
O A S v i SR IA CY PRI2 e % I 25 B O T 1) AL &
KMEFIRIIRE. (ESRERENR, CYP2K O MR i
FIA A0 2 PR T L 2 AT R R RO, A Ak
oS TR PR /N R A AR 3R L. TR, b R SR 0
SRR AU ZE LA K T 258 R 24T TR 9T
T] e A B VR BE R O LA ) — b S %

IEAk, A G R FE R BH, BEBE 259 R E A ] R
A7 B R B 2 3o A R T i IR AT PR R
TEREFE, A7 5 K 08 BRI A S 0 I 3 AT KL
il LR, BT A RIS 1 254, #nT g2 Xt O lEThRE
FEAARIRZE. i H 25851 & R g R AE R 5] R AR
AP RGBE RN, T RE S T EUILAE T
Ao, PN =E B TRERERS. B
wn, WEPRH FH PR 2R S K, RENE 1 Sl i /NS
P BB AR (Na/K) ATP g A1 B IR U AN L 42 i2 & (NBCel)
(AP, AT 3G e i) EE RS, 1 DK BN R S0 Dy R
lsﬁ E%l:[9,66,67] )

R, BT 40 AR B 5 e bl ) B e ie A2 R v 2 A,
e 24 0 (1 B A )t T e A o ) HE D B £
TEA.

4

IL-6 1

H3Kac 1
H4Kac 1

B4 vl ) om0 0 A RIDNA R AH 7T B 2 AR I P 5 8 T, T R 35 PR ) A AT 7 A R B R ) T 4%

Figure 4 Hyperglycemia dysregulates the levels of DNA methylation or the content and activity of histone modifying enzymes, which then

consistently change the expression levels of corresponding genes
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6 BE4i5RY

HEl, mBdic RS R G2, 2f
FIRF TR B, AGEs. miRNA. Ak N A2 00 8t 4%
BTS2 5 g, AR, XL A 2L
ELE, MRTE M — MR R, HAEE, &
BBV IA . o g R A Tk deok R A L
FL. ROSH: B SN0 1 b T At Bl T e 7 -3 - Tl
1% Mt S BE (glyceraldehyde-3-phosphate dehydrogen-
ase, GADPH) V& 1k, # T fife v o) P ) (AR R B0E 1 2
JUEEA CRE G 1R, 5] i PKC-Bil % & b ATAGEs )
TR B Ak, ROSHE T 51E 4L [ 1) % Fh Bl B
e, BFE oW, R, BRI, Z R B
. BRI fa, RIS AR AN B 2 R IR,
ROSHy ™A/, AH R s A& 1200 K 2 20 AT
TR, DRI 51k E0 2E  (BLAE ROS U AH DG JE A (1)
FRa ®w, B2 5] 40 i Dh gk B AS it 4T PR
=YY AN, miRNAsH ik 5 H ] Bl — 5]
AL LR A T RS L ROSHIBOE™ . bk iy ix e 5
W TR T — MR AN 2%, X

B L B, WRLE AN TR B A B R AR &, H
B AT 48 Ik, T B — A AT PR B W IR A,
DA 775 B PR 0o LG 05 5 B A3 5 40 T % e S
W

BT AZ I S R AEAERE R DU b, B
TE T8 BRI95  993 M PR WL I s A e, B A T
S5 IR ST E L ol R I RO AT SR 4k 45 3k
JEUOTY o B A ) B R AR MU R [, I
B TS A SRR AN R . o, BRI U A
WU AS T, P R R ) e WO AZ A R R .
BERR O, RN, Elano g, S
M P R . RRET 4RI . ST Rk R 2 5
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Hyperglycaemic memory in diabetic cardiomyopathy

ZHAN lJiaBing, CHEN Chen, LI HuaPing & WANG DaoWen

Hubei Key Laboratory of Genetics and Molecular Mechanisms of Cardiological Disorders, Division of Cardiology, Department of Internal Medicine,
Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China

Diabetes has become one of the major threats to human health worldwide. The prevalence of diabetes has accelerated significantly
during the past decades with the rapid economic development in China. Cardiovascular disease accounts for 80% of the death among
diabetic patients, while diabetic cardiomyopathy is one of the major diabetic cardiovascular complications. Of note, several clinical
trials have demonstrated that intensive glycaemic control was able to mildly but significantly reduce the risk of myocardial infarction,
but not sufficient to lower the risk of heart failure in diabetic patients. This phenomenon indicates that diabetic patients, who have
been in a state of hyperglycemia, are prone to diabetes-related cardiovascular complications even after reverting to normoglycemia by
hypoglycemic treatment, which is described as hyperglycemic memory (HGM). In this review, we briefly summarized the current
mechanism of HGM in diabetic cardiomyopathy.
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