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AR SR FH AR A R N LS 1A B 200 B ASSADURE FR 5 IS 0L/ Py 7 400 i Ak 17
o MR ST, IONE AR R AT 10, R RT-PCR A M4 L H 5 1ML 2 e Al
LA 2 97 A DG FE DR (R 3Rk, b — 215 SR FH Y €00 I SR B WL B ARG WU 4 i Bz 28—
LB &l (endothelial nitric oxide synthase, eNOS) 1% 40 i #a 1k & A

(monocyte chemotactic protein-1, MCP-1) [ 3 5 1 [X 20 5 (3 1k o

SRR, mESEULE AN A eNOS il MCP-1 PR R 1M N5 5
A1 IX ¥ H3K4me2 F1 H3K4me3 HEALIE R DL ¢ 5 H3K9mel HIEALIRSS A
Ko HREREEWF SHESE eNOS Fl MCP-1 ZFJH3)T X H3K4me2 Fl
H3K4me3 HHEAL AR H A BEIS 4 H3KOmel AL SAE . BANE R I, BN K
X B2 ) eNOS A MCP-1 P8 51 [X 1) H3K4me2 H1 H3K4me3 F ALK
{3 R SR A P RS SET7/9. MLL Al menin LA 2H 28 (925 Y LA L il
LSD1 K.

Wil R 5 P SV ST, ST 3 B A R 5477 T 2 W PR I I RhE R A
FR () — A ZZ G o A SCR A #OE R T TNFa A F TSNS IR N ML A R
2 PSS AR PR I 905 A T T2 P B 40 B P AL P S RE R B, NN B AR 3 AT
T, KH ELISA F1 RT-PCR 7740 MCP-1 & 1) 7 WARIBE M (23K, SR
e 2K TG EE A (mitogen-activated protein kinases, MAPK) Fli% 5% 5 [A]
T--kB (nuclear factor-xB, NF-xB) {5 5l FHREME T ge = 5 MG
518 I, F]FH Western blot 77 24l 55 R 22 003 TNFo 155 10 1L P Kz 48 iid MCP-1
FIBIE 5 THLH

ZiRRH], WREAME T TNFa #5509 MLE A B4 MCP-1 25 H 17 ilh A1
mRNA HJ3ik, #—DH R EREXS MCP-1 Rk HIIH] 5 HX MAPK
NF-«B 15 538 i (1 (1 14 6.
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Abstract

Puerarin is an isoflavone extracted from traditional Chinese medicine in Pueraria
lobata, it has many pharmacological activities including anti-inflammatory,
anti-atherosclerosis, antioxidant. It is widely used in the treatment of diabetes mellitus
and cardiovascular disorders. Histone methylation, one of epigenetic mechanisms,
regulates gene expression directly, participate the process of inflammatory injury in
diabetic vascular endothelium. Histone methylation acted as a basic mechanism and a
new prevention and treatment approach on diabetic vascular disease.

In this study, RT-PCR method was used to evaluate the effect of puerarin on
vascular function and inflammatory gene expression in human vascular endothelial
cells stimulated by high glucose. ChIP method was used to evaluate the epigenetic
mechanism underlying the anti-inflammatory activities of puerarin.

The results show that the increase expression of eNOS and MCP-1 genes in
vascular endothelial cells induced by high glucose is closely related to the increase of
H3K4me2 and H3K4me3 and the decrease of H3K9mel. Puerarin could reverse
H3K4me2 and H3K4me3 but not H3K9mel on the promoter region of eNOS and
MCP-1 gene. In addition, we found that the reverse effect of puerarin on histone
methylation is related to the recruitment of histone methyltransferases (SET7/9, MLL,
menin) and histone demethylase (LSD1) in the promoter region of eNOS and MCP-1
gene.

Diabetes is often accompanied by chronic inflammation, inflammation is an
important cause of vascular endothelium injury. In this study, we also use the
pro-inflammatory factor TNFa stimulated cultured human vascular endothelial cells
to mimic the diabetic vascular complications inflammatory state, and study the effect
of puerarin. ELISA and RT-PCR methods was used to detect MCP-1 protein secretion
and gene expression, the inhibitor of MAPK and NF-kB signal pathway was used to
evaluated the possible pathway that puerarin participated. Western blot method was
used to detect the signal regulation mechanism of puerarin on TNFa-incuced MCP-1
expression in vascular endothelial cells.

The results show that, puerarin inhibited the protein secretion and mRNA
expression of MCP-1. Furthermore, we found that it is related to the inhibitory effect

of puerarin on MAPK and NF-kB signal pathway.



Puerarin could protect vascular endothelial cells injury induced by high glucose
via histone methylation mechanism; It also could protect endothelial cells njury
induced by TNFa via MAPK and NF-kB pathway. All these results provide basic
theory for puerarin in the prevention and treatment of diabetes related vascular

disorders.

Keywords: puerarin, vascular endothelial cells, inflammation, epigenetics, signal

pathway mechanism



BB B ettt 1
11 BRI FF R o 1
1.2 BB PRSI B 3 R R R R e, 1
1.2.1 I AR T BE AT B T RERRAS ... 1
1.2.2 M PRIF P R THRERRRS S LML, 4
1.2.2.1 IR SHE R FFRAE ...t 4
1222 RAEGHEIRIFIMAE FERAE . ... 9
1.3 BESRIR LB FERAE R R MBAEZHIH] ... 10
1.3.1 FEHHCAZ S B RIR I FERTE ..o, 10
1.3.2 R E I e 11
1.3.3 RPN IR IR 12
1.3.4 B PR L FF R AR MLIBAE S 16
1.4 BAREDURERIRIINLE . .. 20
1.5 R BRI RBEE B S 21
B BRI T EE e, 21
2.0 SERFRLRRT . .o 21
2 R 21
2.3 R B B 21
2.4 BB TTEE e 23
240 FHHIRETR o 23
2.4.2 SEZIF9E Y6 E B PCR(Real time PCR) ... 23
243 Gt RS ITIECChIP) e 24
DAL ELISA.....oiiiie e 24
2.4.5 WEStEIN BIOt. ...t 24
B B B e, 26
B0 BREXERE B E A B0 M85 B R E B B AL R 5T
3.1 EEXT M A B2 40 B ML D e 2 M R EAR SR BRI R IE MR ... 26

3.1.1 AR L N B A B D BE AR S BE R ZRIAFISEIM . 26



3.1.2 B I PN B A SRR AR DG BRIRAB M. 28
3.2 WHRE X B BT BN P B2 4 0 L B RE B SORE AH SR 3 R R IB B IR

] 32
3.2.1 BSARENT b AT SO P B A0 B ) e AR DG R K U R RET 32
3.2.2 B HRFONT e W I S P R A B A R A O R Sk SR (s 36

3.3 F=HEXS eNOS 1l MCP-1 2 J5 31 X A 5 5 B EAL R & R K KT

BB 40
3.3.1 eNOS JE 37 [X H3K4 AT H3K9 AL B 40
3.3.2 MCP-1 J5 27X H3K4 FH3K9 AR .o 41

3.4 HEFEXT eNOS M MCP-1 £F B3 FXAEFEARERBBAAEAEREL

BRI R BRI TR 43
3.4.1 eNOS JE 3T X SET7/9-MLLmenin P2 ..o 43
3.4.2eNOS B8l FIX LSDI AR . ... 45
3.4.3 MCP-1 a3 [X SET7/9« MLL+ menin (B .......ccoooeiiiiieeiiiin, 45
3.4.4 MCP-1 JE3F X LSD1 HIEAR ... 47

BERr BIREX TNFa 55 1A S MCP-1 RiEHIR M L HAS SR THL
i

3.5 BIREX TNFo i 21 HAEC 40/ MCP-1 RIEMEMH. ..o 48
3.5.1 HAEC 40/l MCP-1 mRNA HIZEIE ..o 48
3.5.2 HAEC 4} MCP-1 EE BT v 48

3.6 MAPK F1 NF-kB 15 5@ B #15/% TNFo 53 T HAEC 41 MCP-1 &ix

BT 49

3.6.1 12 5@ B 3 7% TNFa 5 5 HAEC 40 i MCP-1 mRNA Fik[15....49
3.6.2 15 SR ) 7% TNFa 53 F HAEC 41l MCP-1 & [ 20 WA 540 .50

3.7 TNFo X BHRZEXT HAEC 40fi MAPK{E S @BEHIRZMI ... 51
3.7.1 TNFa S =R A HAEC 41 i R A4, p38 FHLEL p38 B H RIK 5. 51

3.7.2 TNFo ¢ 55 AR 20 HAEC 40 i i R A¢, ERK A1LEL ERK £ FH I HI5EM....51
3.7.3 TNFa M &5 R 2% HAEC 41 S iR A INK F1LEL INK 2 R8BI 52, .52
3.8 TNFo J B E 5 HAEC 40/ NF-xB 15 S3@ BB ... 53
3.8.1 TNFo ¢ & M2 %0 HAEC 4l R 16 IkBo A1LUEL IkBo 1 FH 32 HI5EM......53



3.8.2 TNFo ¢ & H 2 %0 HAEC 21 R B4 7% A0 IK K o AL IKK o 8 F R IA 5253
U B e, 55
F—#s BRREIHME N KRN EREAXEF B FXMEER
F 340 H3K4me2 1 H3Kd4me3 135 M8 P9 f7 40 i 22 5 (I R 1A
4.1 RN L A R A A b U T e R UL R R A S0 R R A e R B AR R

TR R o 55
4.2 RS BULE N K eNOS F1 MCP-1 2 FEF AL B EREFTER K
A L 59
B4 BHMESXT TNFo F3HME A E 41 MCP-1 £ M50 & H 55
L

4.3 BIRFMH TNF-0 B ME N R ARMCP-1E B RERRE. ... 67
4.4 ERFNHTNF-oFBH)ME A R4 EMCP- 1R 5 S TS ... 67
BEFETTBR oo e 70
B e, 90
AR R BRI AR I e, 91
R R REIE ST e, 92



i3

i

H—E HE

i

1.1 FE PRI M KRE

R (Diabetes Mellitus) /2 ™ 5 gl N S (g 5 14 W3 A 22 0 o A Bk
PRI B3 ZRAEAE AN T (038 I, B PRI O oA £ 5 NS A R 1 5 = K8 e A Ytk
PRIR[1]o BRI A2 BT B S 2 b A (om0 A P SRR 512 A0 LA LA 384 w5 oA R AE
RIAR o B 5 1 5 3% ()t DL SO R Y0 T 7] 2 BT EOR IS T HE R LT, b
PR 2 I RRE Ui bR B R b # A AL ER MR P 355 1R AR R KO 4E R H
SRR/, TSR I A CArbl PRSI S A8 S B0 B L 38 s s 5 350
THEETEE W PRI LI 5 BURUBE L R K I 975 A% 5 50O S A6 A1 A L6595 2 ]
Haa R, oAbl pRows (R A% 0 il L

W BRI ML I RORE DA B L5 9 s 2 3 SO0 PRV 2 Pl M 91 R RE 19
TRERIE A o 3 B IR PR A 5 A R A 0 A e I R 9 A R B s AR
PO FEEI o3 AN A 22 AR [2] s KI5 7 6 3 L v o L 05 O L AR
L [3,4]0 IGIRAF RN, SAERERO I AAH LLBE, B PR 8 S Lk
1K 5K AR 4K, 250 LY 975 (cardiovascular disease, CVD)F L% & i 2-415[5],
80% FAIHE b5 55 FET- O B AR [ 6] o O I A5 0 I 2 S 500 JR s 7 8500k 3
BRG], 7 o (R s e R R s R 1 M AT A (7,810 BRIk,
BB PRI 5 5 0 400 TR RS T E TR PR L0 28 3 B AR B L U5 T
o
1.2 & PRI MILE 7 ARE B R R L

W PR 5 20 ok OR FERE AL O BRI, B B9 10 I 9 AR 2 B Kk S R A AL
(atherosclerosis, AS) HIFERAN g FEILHE, B FRIFAE N — N0 SL 1 £ 156 R 28 sk
2GR RERE AL TR E AR, T AL PAY B 200 L D A 1 4 495 A (EL 2 B0 Bk s R R A B0 0 1L 5
G 11 2 TSR], W PR LA S R P R B3 AR B AR A, (1 DGR R R B 34 7
[9,10].
1.2.1 M A R Ee A A B DI RefRng

1% P B2 41 (Vascular EndotheliumCell, VEC) A&7 25 T I8 Y THI i — J2 i
1 P = 7 i =i = 1 LT 2 O D 311 =l 1o
T BERE .
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L P R S BAT 22 b S BN A 2 ThRe B AN A T I A I 1
B, LR AL N B KT B REVE BRIRT P 4 WA RN 55 43 A48 B [11-15]. P9 B 40 sk =2
MR IR RAEAT S B EI R KPR AL, G BRI 436 2 b LS HE)
Jii, tn—%E AR (nitric oxide, NO) « BiZ31 3 (prostacyclin) « N 7 2 (endothelin,

T . MEETKZEI (aniotensin-1D . £FARPEIEHIHIY) (Plasminogen activator
inhibitor, PAT)). J£F4E40 A4 KK T (Fibroblast growth factor, FGF). #{b4: &
[X-7* ( Transforming growth factor, TGF). Ifl./’MR4EK: K7 (Platelet-derived growth
factor, PDGF) FIF- okl Bt 3 1250015 M P17 . X6 R 72 (A EAEF, 4EFF
M EFIRFCARIRAS « 7 MU SR Tk BE s ik /MR AR . RPN ML 27 3
510 LTI ZE 26 5o N Ry 9 0 R R i e R S PN Bl = e )
PR SETERIIERS s XA FURNE A s, B ik R KR E YR B
A[16-21].

NOFHeNOSTEAERF MLE N JZ Dy Re rh AR5 B 2 IVEH o« NO#Z e -3 % )
S B EE A IR PN R A M 47 K K T . 1980 #FFurchgott A1Zawadzki 1456 KL 2
PR AR 5| 2 1) e = B B A1 JUL PR 8 5K AR T I P R A L PR A T EA
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X ] BE AR AL A S AR 73 A ) AR 5 T A K, ST SRR 9 N B A T
[A-¥ (EDRF) [22]. 1987#-Moncada 5Lgnarro’s 4y HiE BIEDRF 5NO#if % &,
PLTEIAANEDRF AU ZNO.  H il EL & UESENORAA I (1 —FifE 507, AT
HRL-FEER, LB A E G (NOS) IR RL- RN R H R
NO. NOA: 5 WS PV S IR IMEES, TEHRIERT, =R S H REA
FORBER 1 (cGMP), MIMT#EIH cGMPIH M & (I, i LERER A 40 5E 2R
W, FEREARA M A e B A B 1K, U iR 1 5B A A, S ECTIEIL
FAsth, MY K [23]. NOTEHIH| VSMCIEFEAITFS . /MR R EM AR 5
IR ARG PR« 28 M e B A SR AL L rh T R 4556 PR A [24-26]. AL A& T
(nitric oxide synthase, NOS) & BNOMCHERR AR, G —Fpliid: HNEH—
FAL RSB (endothelial nitric oxide synthase, eNOS). % S/ — %L & & i
(inducible nitric oxide synthase, iNOS) FliZ %! (neural nitric oxide synthase,
nNOS). eNOSHCa* IKHi AL, FE/MAifE N F 4L, ZCa> RIS A2 A%, et
SRR A I /ARCEOE TR PR S AT LA DI, 30, A= A 2> BENO
T 3k, A3 I A B R AZ it/ INAEORT R R 0 BRG B s INOS R Ca™ M 7,
R Ca> MR AT, FEA00E BV oy B Ampt, Rewl o 2 & Sk by
MR (ZIIFN-y. TNF-a. IL-18) BudE, KEFEEA 42 RKENOEA MM S
YEH . INOSEIA/™ANO N IHINOSEEK Feiks, b A7 Jse 15t 3 23 ik #0014 e ¢ A
FNF-kBEDNAMISE A7 MR SE I, AT AE A B A FE 2% AR R BRAIN O B2 7= A 1
J5E BT, NOXS AL (1452 1 3= FEAR T RIS 22 (PR 582 L 702 A0 R AL R [27 ]

PR3 (ET) & — M Z M WA N 1. Bg il 21 NMEERA R 2K,
TR ARV 2 AN IR, MU N BT T . R =R
Fiyfk: ET-1. ET-2. ET-3, %% ETo. ETP PiFPIER, ET-1 ik L
ARG AT R . i E N . R B ATk R 9 (monocyte
chemoattractant protein-1, MCP-1)  F/r2-6 (IL-6) M H & % E K7 = A2 [28]
NO 5 ET St [F) 4 Fp L5 15 187 46 Th RE[29,30].

L5 PA) B 0 7 A2 R R B 20 5 4n 48 S IRDRG B 73 7-1 Cintercellular adhesion
molecule-1, ICAM-1) . Ifil % 40 ffg K5 B 4> + (vascular adhesion molecule-1,
VCAM-1) | E-i&#F % (E-selectin) AIMCP- 155115 .40 i 7F 1 55 BE _E Rk A0
R4E[31,32].
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ML P 225 5 52 3 % AN R R 32 (0 5 ST 52 400, LIAL3N 70 LA 43« 4k
FRRWHE . 259, R Y s AU TR S AT R T B0A B
T RERRENG . FEIXLEREI N B A D Re K Sa R I R AE N, A B4 & i 43
5 22 A i P 5T R4 L K] ) £ P 6 0 38 AR 5 B0 Y 48 R L A R iR
T AR T o A L PV JUL 200 S 8 5 — R A3 AR A o AR 22 50003 R ) 2 Bl kg
FEREAR (1 )5 B AN R AE 5 N B T R R AG G 28 219K R [33-37]

PN S 388 S R S R e 2 1 R Y 3 I (R A T A, R X e PRI
U1 NO. eNOS. ET-1. VCAM. ICAM. MCP-1. vWF. PAI-1 Fil CRP Z:/E ¥z
FWDRATIN A B Dhfe e 1 52 B4 %

W AN T BEFERS AT P ANRRAE: (1) I Y m PR 5, H o IR A
NOMIMMERIAD B % (2 KT ubssin, mip. Pt &R =mE A .
JIi B R S RE BRI 7240 R 5 SR B 23 RO SRIK , TRT T E ) Jk 50 s A B 4 T i U
52 ML ARG B 9 7 BOIR BEVE N VE 8 N AT MR bR . 2R B AR,
ICAM-1. VCAM-1. E-selectin. MCP-1554k [ A 4k K-35 15 B ik o83 5 i A0 AT
O LI A R 25 D) AE G [38]

1.2.2 B PRI% B P9 B2 40 0 Th RE B S 2 Fe Ll
1.2.2.1 & MU 55008 PR oS I8 I ARE

3 v MW P IR I 500 0L A R, (g LB T LA Pt B 5 DA K 7 A
JE B AP, AL NO-ET REGuLyRE AT,  Fh b in S0 s L6 I RRE 1) R A2
UK JE[39]. BARBE PRI MLE T RAE R S 4R R 2%, HRT R 8 2w ], {3
MRS 775 « MLRAR 27 57 5 B A B 20 M A5 47 o %2R0 PR I I JRCRE 1) 3 [ 9
PRI, J B[R [39-40]

AR A LSRR, MU P B D6 S 1 AR 0w BT sk L AF AE[41]. HE
PRIGIVR 2 SR ARMPIRAS , i iops . iR S AT, MR LA P
SEIN S B RRESE, $E T R I N B A5 S DRe, S EEIKREREAL B A
WAk, & PRI HAR R A [42]. IR A DRBE PRI I 9 R SRS S
PRI, X1 e B PR L I RORE I £5 S BT IR HE I, 52 bl PR S8
(KA A7 26 SR A 4 BB [43,44].

FERE R 51 ) LB A8 v v AR RS 3 S5 N R D e s i) E LR R 2
—, I P R A B ) e B A AN (EL 2 0 o A R A 350 O ML S P 2 2 S A, 7 2
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W PRI ML I RRE (AR B34 5 [45-47] o e Lo LA BOHE PRI R L A B T RE 14 43
35 TENAKBETEAS AL, BN REREAG 1 i R R o BRI 7 s RS T
2 240 M (R BE AR T R AR A, R ANAR TR PR L I ATE LB B 4y L
o

W B3 L I JRORE E B2 v e UK 51 22 P AU A% R AR AR Ak, 8 ML 7 4
Ry G5 A6 R Tl R R AR 53R S 22 4050 6 T a3 SO BT I JRE (1 R T AL E1 PR
PEAE AL AL AR b T A B 2 o B . U R EE . B IEC (PKO)
TR AL K 7Y (AGEs) iHH[48] (E1.2) .

MADPH  NADP* NAD’f MNADH
1‘ Glucose
lv T Sorbital T Fructose
~ Polyolpatiway
T Glucose-6-P L
GFAT

T Glucosaming-6-P==4UDP-GlcMAC

TFrucnse-E-P
Gln - Glu

NADH NAD*
|T‘DHAF' JTH Glycerol- p—:-T pac—=>1 pkc
PPN Protein kinase C pat

} Glyceraldenyde-3-p
NAD*

L GAPDH <407 TMEthjrlglynxal—hTAGES

NADH ______AGEpattway

1.3-Diphasphoglycerate

K12 bl S Lo AR S A 7 A B0 T PN B 45 0 P D A T 5 48]

ZURDEBER . EERET, DEMEEEERECEE (AR T
AR R AR, (L AL EEE S SR B R F T AR A . TERBIRE T, AR
TR, 2 eRERENEER, E 2RS4 P LA . SRR R MRS, A P
BB T, WK, ATFEA AR 1o, AH MRS Y i K AR T e
S HOK, AU VB IE R LR PN A e, WU & B AR UL
BER L, 5 EABIRMECHEMA B H M (DAG) FI=HMIIEE (IP3). —&/r
I DAG-PKCHIIP3-Ca> (5 545 S e, ML, 2 JURidA8is M 1 5 m 5 i 2
MG ST, SERE MRS R Hk, WL 5 BEE 0  H i

5
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NADPH %t AJNADP", fiNADPH 4 ¥£3 % , NADPH/NADP' L {E F&{ik . NADPH
WA H LGRS RGeS B HIEIK (GSSG) Ak A4y H Ik
Ik (GSHD M)Ak . 4ERFGSHAE IE Y6 [ e & 2 ¢ 2 11E FH - NADPH/NADP™
LUAE FEAIRAFI T-GSSG A4 NGSH, AEHUAIIPTAEAL BE 195 o 3 L5 B A b
PRI AE I RE 1R AR S

v LW AR N W e AT 1) 3 2 R B DR DG - 550 4 o P 3 2 0 5 e 1
w s INEE R TE . ULPA) B e 7 5 A 2 4 i B R AR PT,  3 T F) )
I 5 B PR IR S C IR T 1, PRI R UL /K A, 98/ 1P3 FIDAGIH 45 1, #IIIP3/
Ca’ HIDAGHE 515 R4, il kS Z 3.

FE v MR I FE VR 2 T AR =0 T UK 5/ DAG, DAGRRA
PKCIHME—WuE . AiRAPKCER 2 2 5 B AR CRIEEF4E RN
WENE . FERRE TR PR A AR AR L T ORI IR AR 5 LB
A b & BB AR S 5 T2 W PR L I RRE 1Y) B B Al A AR AL B o PRKC A ] i
i /MRIIEE, R Von Willebrand Al -1 K77, G INPAI-1H) & S AGENE, (23t 1
W R N renie IS PELT VR A RGBS R AR AR R . HETIAN, PKCHUE 2
Wi PR I LA #2477 1 L Rl (E(1.3).

Hyperglycaemia

¥

APKC
(- and &- isoforms

A
r N\

e AN3

¥
4 Collagen
Fibronects
+ IDronectn
1 ¥ Fibrinolysis l
Blood-flow Vascular permeability Capillary Vascular Pro-inflammatory Multip
abnormalities Angiogenesis occlusion occlusion gene expression eff

1.3 b At 2 1 DR O s Rl L B 9 T 22 i M A0 o 3 B3I T i 32 403 48]

-
8

e

&

H A BARRE R o BT 1 SRR (R AL A 1R AR S B R T R Al
— RYIAERG IR RS, SATE RS2 R 7)) (AGEs) WIidFE. A=
BYoE T IS R ST, el B AN L S I, 3 R SRR AR AN I 1 J52 % B 4 1 5 ) BHL
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