¢« 106 - EER N B 20103 AB 37 B2

Int J Cardiovasc Dis, March 2010, Vol. 37,No. 2

A DR B 4 I R P450 REABHT Y
WE =R EYFIFEH

BHERE BREZHER
(HE]

MFHEL RS ML E K PASO AR LB EAARGRA -+ B HE

(EETS) A ChEREBAG TR EZMA, H LA EETs A5 % o & . 74 f ]
BERE HHLTFANBEYEEREA T RN BHRGTIS HBEHAEQHER
FHRR ARG AERHSCaEEALELE FRBHEBRLERBETHOREF 4.
BEMALAEETs BARSMEN BEEAEE EHFED, LA THREEET X4

B 7 76 77 6 H deE

FARBEATE BH
(X&)
DOI:10. 3969/j. issn. 1673-6583. 2010. 02. 013

164 U4 R 2 4l iR 8, % P450(cytochrome P-450,
CYPBOREMNBERARAE - TH=HFR
(EETs),EETs ZHLEF FES BT ALK
il & (SEH) B0 /8 P i B AR AL i 4 8 UM L B — R
ZTB=#®M(DHETs). BRiFRE £L% ¥ EETs
BAGFHROE. ANEFEE L EHEFELER
BT A T AR B BRI R BB R AR AL
A o 80 40 M ) 386 B L ST RS SEAE R 3 X AR FR AL
TTHEMR. B EET FEARES AMARA
2 MOREMME LA . 230xF EETs M4 AR Q4
WEVE R REAE VLT,

FEEH A& BARE T 7 45 69 76 4 10 4% B K 7 18
16 18 24 40 Jg B 52 5] & b o) 38 B, 2K A DO O AR B A
40 B RS B BT i o R Ao O, ARV TE A LA TR Y
AR P4s0o REIE EER CYP2C A1
CYP2) RIEMIER T AR 4 B EETs, BRE M X
FIBYREALEL NERER 4 & EETs, 5
BERTEE=YR 11,12-# 14,15-EETUH | 1y
BTk CYP2CO #CYP2)2 RILER%
# EETs #9325k I ; 2% 8 Ak X 2 M 1 o6 0] 3 R £
WG EET MAER B M 2~5 £F; M#ME L
T AR B4 EET 594 R
1 EETs 4= {ER

EETs ERRIMALRRAB T A ZFH AR ME
WEERH. EnEERIHRS, HEFEDEHN

e EL1.200433 L3, 5 - FEKFHRKSERKOH

BN EZEETs 9 AMFERALEANE, B A BERLEF LA

RAEWHR MU EF PAS0 RAMH KA TR ZHR,; o FRE

FHREMHARTH ENFARPEAERL R
HFEEMEER BB EEANREIRAY
BEFESEEMER: N, HERE®E N
BEEPRBERMMELIR BRIXSENYT K.
390 55 0L /)RR T B o UL 4 D 0 TR B R 5 R
BWRBRGRIEMR R EBA RO M4
WHE R AEBEER.
1.1 ¥RaFH%A

EETs 7 /4 Bz 40 Mo 58 13 46 4= 00 4% B8 AR 81 7=
BRI,  E
- ¥ JUL 4 B AR AL T P A P9 R AR B0k I B & Kk R
R, RSMRR A B 10 pM 89 14, 15-EET $t8EH
B 7K B i R St B, R 8 EETs 47 K i & {f
FABIAFTLE s R 40 M 2, P450CCYP) B 410 4 3] s 45
B BUR B # 8 B R B I BT R Ik EETs 5152189
mEBRAE KRN, KBS EETs iy
5B HRAE T (EDHF)YEH A/, B A 5 EETs
BE—F# EDHF , MG E RN E A AN F LMY
KREREEEEEA.
1.2 BFRESAYTHER
1.2.1 @#EFEE WREYW,JLF EETs a7 {2
H#E A [7) 87 38 L4 B R R BK ¢, 38 38 TF 30, 8 1l
FRUABRAEEBREER AT EEY 8%
137 , 3K FAL R 4t 5 R 9 S EDHF FF i 58 bk i % 3 18
JUL4E B BK . @ M T R BB AL, Btk
KB EETs EHMHLA F B IS BK EE .
M/ P % BK ., 18 38 W2 /MR 3 R 40 i



ERECOEREE010FE3ARITEE2H

Int J Cardiovasc Dis,March 2010, Vol. 37,No. 2 ¢ 107 -

T MESEPH B EE. EEBNARE
WAL T &% 5k <38, EETs B8 i 8 1% .0 L4 fig
PRI R ATP SRt 57 8, A8 15 .0 L 48
i B B, A B HE L 4T 48 2 BE I AR 4.0 UL B i - T
EH %D, (B EETs MR HMARAHE T
BEREEREW, S-SR,
1.2.2 BEFEE EETs AT L HEEEN
e, AemEE R 8 B8R &3, CYP450 4 & 7
ARSI KBCENAREEFR- MARSE T
11,12 - EET #mA R ESHE . HEiiiAA CYP450
A fEE A EETs, # M5 EHMA cAMP &
B0, IS E F 9,87 EETs 7] U3 458 B
EE ., AN 9T R & L EETs 88 80% BF i B R %
HEM(TRPVHSBEFEE. EREBEFESESR
MIRREY WERE" . BEHRE LREE
BEBABENSFZE,.WE EETs M HEME, &
BMEETs f Mm% L WS EEMNEE, RIAER
S ) LR T A FF S . 78 R AR AL B n E
KEBLEFRY LBESEERRERE., B
EETs MG HERMALTERE RREHFENE
Rtk BB — BT,
1.2.3 HMBEFEE EETs FERME AN
FiEIE,n EETs feMihl.C M40 A e FiEiE; A
MEREARNEERETFBNARS,6 - EET #
11,12- EET fiSliBMBRIATHEBE FR IG5
B8 EETs B MHEE FRREAE F@EE™,
1.3 #REHA

HREN EETs EREK AR FERTHH
M H T R L8 (LPS) A & 8 % H F-«B(NF-
«BYBIFE R R 1«B BTG L B BB IR FE R F 4
SHmEMRENRST-1 URARAEEESF.E
BT A3k, DT I 1 5 4 40 B X o B B ) 3
KREVRIER . Spiecker £V MR BIEL T
EETs VAR REM. K, RFEIZEE K EETs
SHANPHRIERAFE—EMER, I H EETs R
ERREATHREFENBREE. EEBEET,
EETs YA R P EE R FIERER,
1.4 R4 b %6 HAR

HAIX EETs EfR i H A m B R AR LK,
NSULBOESEREKB T AEY R AR %
RN EBETE. STABFEAAEAREE
CYP2CY mt R A s i A ShEH: 11,12-EET 095
RRAHEFEONENOE AV H BRI HEEHL
B AR (MAPK) BE R B B5-1 B9 RIS M H] c - Jun

SRS, LRAKAYED DI AR 40 g
il 5 ,11,12-EET 48 1f % FE 5 A 0L & 8 8 &
RSB e ML BE 3- 388/ H ¥ B8 B(PI3K/Akt) 8%
Bk 040 5 & F T FOX01 #1 FOX03a ik, B>
o P B 2 10 38 4 R P27Kipl AR AR, LU RS
REEKEFZARBERL. AMP-PKA(E R
MBI E .COX2 A RRIA RS REVH S
509 B 11,12-EET SH# B R 8 52 41 B 55 &
2B FEFELESEM(ERKI/2) BRI ES
5FH+-nENER. X SUAHRERAL 11,12-
EET %M E A K AP REEERERYN
H—8.
1.5 AYmpEi

AT N NHIR CYP R R —
BELSNRS R SRE FHENR, RS
MHEEREETRAH., REERKRBEF(EGH R
— PR K A9 B A 224y B R, Chen £ B 5T
KW EETs REFEZERHEEGFHHRR. 25
EGF S MM A £ N3 HB: 3 HiE &3 EETs
it Sre WESHMIER KR — RIIBER YIS KK
TR ROE & TR R 1 R A ST B oY B A Y
HoSyslREamEE. BdERTHRERER
5 EETs i) CYP £ & LBy LLCKPc14 40 B35
R PBK/Akt #2455 14,15-EET #1484
THEE, R AERIEHKTE CYP XA LEBEHH
fEh PLA2 (B4 RS A2)-TE 4 MU 4EBR-EET i 2 & —
MEENARARFSERER. 14,15-EET X 8,9-
EET iERI /DR E MR ERARH AL S HN.E
Wt BT ERYUE . EA Na* /H C8GEERTE
WSS, xtiEE E3h bk LA it B 7 3 L4 i
B &M .14, 15-EET f IR ATFI R K E B8 B,
8,9 - EET .4 M 5 i, ™ 11, 12-EET #1 5,6 -
EET RIFGHIER, AR 14, 15-EET 5 LI #1 & F
ENAEPEEKBESRBYEY BOMIIRE
E2 #9 4 s fn3g /MR i A K H 7 (PDGP) # &
B - 7 UL 40 T 4 S B R B . 4B 7R 14, 15-EET @ 13 %
S VA0 A K BOE B U A T 1 T R e 7 1 UL 4R
[ihioh: Lo
1.6 Hie

B LASH EETs RRERIMIF Z L RABEYW
B . 5,6EET & 14,15-EET fE @t K B %
MF o # 2 70 R B i R CYP2J2 FI N IR P Y
EETs BTN WHER, 8K EETs WAl fE 3 5
BREENDWSE; 11,12-EET # i cAMP-



+ 108 - ERROMERZE 201043 ABITBE 2

Int J Cardiovasc Dis, March 2010, Vol. 37,No. 2

PKA 55 & 2 & &R &9 3 3h Bk 1 38 WL 20 i &9 1
B Jiang B R CIFL R ELE CYP 22 &
AEMBHA R EFRENTRE, B Y CYP2)2 #1
SMEYE EETs fEIEH B EF Bk . A a4k
B 370 5 390 A0 e B S 202 U S5 e o ey 18
#:;CYP2)2 m{2 i M E MRS EGFR.MAPK &
PI3K M 646 x; & £ 8 CYP2]2 M1 EETS @t E
VLR T-FH Bel-2 1 Bel-xL (9B S MM HT-%
H Bax #R kB (L PP MIA T CYP2]2 1 EETs
BEHBRHAMBENIBMEEERK, BREAY
ERPLE BRTE A RRIERE. 54 11,12-EET iF
REiE T cAMP J5 3 T2 tPA EE Kk, RS
BEAMERER.

2 EETs iER#MLH

EETs fE FIHL# AT RE R R Z kL%l . B) EETs
S YR RE b AE B3R PR 5 A AT 0TS 4B P9 B
BESEE: S —HE2ARAERYH . EETs &
Mg aR Bl EETs HEEEATE FEHE.
FEESEREAYRREREFMRERA. FE
B BE R R AL IR B AR 7E .

2.1 EET &8 % kb

m¥#EHH EETs 5S4 RME EET 2L 4 E X
EHMNESEREE NMATE FEESZER
BRKEIAMEM A ERIBEM®KE., Wong
£t AR B EMERN S 14(R),15(S)-EET M4
A W R TE E B AL A B A2 U937 g B BT 53 9F
ST RFYLE RAFAE; 3 BB & BRI B0 4 Bl
HHER S 14,15-EET BERMALGEMEEM A,
FELERGREEMBEA cAMP W& BRBEE
B A A(PKA), T8 15 M K IR M £k B4,
11,12-EET # & BK @ E M (PA Rk, FEEL
CEARBBEZEGTPEAEAMSRED 11,
12-EET L BE# % cAMP-PKA (5245524, At
% 4% [F) i o B 1 8k COX-2 iR,

BT Gas-cAMP-PKA &2 DL 5b, 76 7 [ 59 4 28
ZUHTRERHMFEESEENEE, IBREAMY
B B, Src 3 8. MAPK & PBK/Akt £ 2N 5
EETs 769 B 400 . 3 K 38 LA L L ' /N BR 2 IS R 4
JE B /N I Bz 0 B R 0 UL R P B A RS [ et
1L, 12EETENK AR PRI RERAFTERLB LM
il 4 N FE 4k NF-«B f+ SO Rk ELH, H
R BHi EET BEZ AR B RBREHE.

2.2 EET #tmla A4 AM#
EETs (JRE#F AR RN G HEE TIHAKAH

MMZEMREMMEOEYEER. HRAKY
EETs AR 41 M AP R BB, s 2 A & EET H9B%
B KT R, SR EMBMAIEE MERSE CYP
HELBARBTR. ARAKEET AT EBEER
FRHRESE L (FABP)  BFEESERRE
Fi=E RN, B EBEIE i EET 8 mp i 28 B 3%
fer FHESERBERRREMMBN, BHTx
EET W4 NAE R PLEI#FT THEM IR . BN
KA BERE & EET BT RC. REWABE
FH K A-23187,7F 20 min DL A 88 76 40 M 4 ¥k
R B AR B EETS, 35X R B B E BT R 89
EET BEEHMEPIEEED 20 min USFEF L
BHBRBARSIETE. HFARTELHA. 4K
X EET BRGEEFEER FHAEFRAN S BEN
EARE EF . K MSNE 14, 15-EET # 4 31
EXBMARABEET REE 3 min. EET 415
WEEEEEWMARMNEARSR, Lu 8@l A8
BARIESE EETs RE 00 PI B9 Na* /K™ %
PR ATP BB (Karp) UL 3 BT Kar B FE B
PR T EET M5 686080 5 BRI LS AT
R IAEMM PR FABPs R i3 8 1k 4y B ¢ 18 4 41 30
16 %4k v(PPARY) L th#F % EETs f 45 & A1,
B X & 37 ¢ EETs S A 1E LI B0 5228, &
i — B HRIEE,
3 £ RRBE

BAXIEEVIHERY CYP450 X E LB K& HAE
R7™#9 EETs, &R MR R RAEY ¥ &R
BTHEAR BERMAFSHEHEWRNEE. I
CYP REIBH S AR EETs i R 9%
ERAMEm? Wz AR FEYEER, M
ERMTERINEFEMNHR T RBTH EET £
AR AT B FRAIX EETs i —
EEBREY¥ERANRE? Y TEEXRTAREA
# EETs AARHFVIEME ML HE THREER
BESE, WA VT BEfE EET B9 M8 6931677 BT 8 &5,
HWABER EETs # M KGR m Rt Hn
Bk

$ £ X W

[1] Funk CD. Prostaglandins and leukotrienes: advances in eico-
sanoid biology[J]. Science,2001,294(5548); 1871-1875.

[ 2] Capdevila JH, Falck JR, Harris RC. Cytochrome P450 and
arachidonic acid bioactivation: molecular and functional prop-
erties of arachidonic acid moncoxygenases[JJ. J Lipid Res,
2000,41(2): 163-181.



EHFELCHEREE22010E3IAFITRE2Y

Int J Cardiovasc Dis, March 2010, Vol. 37,No. 2

¢ 109 o

€3l

[4]

[5]

(6]

£7]

£8]

£o]

[10]

(11]

(121

[13]

(14]

{1s]

[16]

Huang A, Sun D, Jacobson A, et al. Epoxyeicosatrienoic acid
are released to mediate shear-stress-dependent hyperpolariza-
tion of arteriolar smooth muscle[J]. Circ Res,2005,96(3):
376-383.

Spector AA, Fang X, Snyder GD, et al. Epoxyeicosatrienoic
acids (EETs) ; metabolism and biochemical function[J]. Prog
Lipid Res,2004, 43(1).55-90.

Fang X, Kaduce TL, Weintraub NL, et al. Pathways of ep-
oxyeicosatrienoic acid metabolism in endothelial cells, Impli-
cations for the vascular effects of soluble epoxide hydrolase
inhibition[J]. ] Biol Chem, 2001, 276(18): 14867-14874.
Gauthier KM, Deeter C, Krishna UM, et al. 14,15-Epoxyei-
cosa-5(Z)-enoic acid; a selective epoxyeicosatrienoic acid an-
tagonist that inhibits endothelium-dependent hyperpolariza-
tion and relaxation in coronary arteries[J]. Circ Res, 2002,
90(9):1028-1036.

Kreotz F, Riexinger T, Buerkle MA, et al, Membrane po-
tential-dependent inhibition of platelet adhesion to endothelial
cells by epoxyeicosatrienoic acids[ J]. Arterioscler Thromb
Vasc Biol,2004, 24(3). 595-600.

Benoit C, Renaudon B, Salvail D, et al. EETs relax airway
smooth muscle via an EpDHF effect; BKCa channel activation
and hyperpolarization{J]. Am J Physiol Lung Cell Mol Physi-
ol, 2001, 280(5) ;: L965-L973.

Dumoulin M, Salvail D, Gaudreault SB, et al. Epoxyeicosa-
trienoic acids relax airway smooth muscles and directly acti-
vate reconstituted KCa channels[J]. Am J Physiol Lung Cell
Mol Physiol.1998,275(3) : L423-L431.

Seubert J, Yang B, Bradbury JA, et al. Enhanced postisch-
emic functional recovery in CYP2J2 transgenic hearts involves
mitochondrial ATP-sensitive K + channels and p42/p44
MAPK pathway[J]. Circ Res, 2004, 95(5); 506-514.

Lu T, Hoshi T, Weintraub NL, et al. Activation of ATP-
sensitive K + channels by epoxyeicosatrienoic acids in rat car-
diac ventricular myocytes [J]. ] Physiol, 2001, 537 (3):
881-827,

Lu T, Hong MP, Lee HC. Molecular determinants of cardiac
KATP channel activation by epoxyeicosatrienoic acids[J]. J
Biol Chem,2005,280(19) :19097-19104.

Earley S, Heppner TJ], Nelson MT, et al. TRPV4 forms a
novel Ca2 + signaling complex with ryanodine receptors and
BKCa channels[]]. Circ Res,2005,97(12):1270-1279.

Falck JR, Krishna UM, Reddy YK, et al. Comparison of
vasodilator properties of 14, 15-EET analogs: structural re-
quirements for dilation[J], Am J Physiol Heart Circ Physiol,
2003,284(1): H337-H349,

Salvail D, Cloutier M, Roussseau E. Functional reconstitu-
tion of an eicosanoid modulated Cl -channel from bovine tra-
cheal smooth muscle[J]. Am J Physiol Cell Physiol, 2002,
282(3) . C567-C577.

Spiecker M, Liao JK. Vascular protective effects of cyto-

[17]

[18]

L19]

[20]

[21]

[22]

(23]

[24]

f25]

[26]

[27]

(28]

chrome P450 epoxygenase-derived eicosanoids{J]. Arch Bio-
chem Biophys,2005,433(2) :413-420,

Fleming I, Busse R. Endothelium-derived epoxyeicosatrienoic
acids and vascular function[J]. Hypertension,2006, 47(4) .
629-633,

Newman JW, Morisseau C, Hammock BD. Epoxide hydro-
lases; their role and interactions with lipid metabolism[J].
Prog Lipid Res,2005, 44(1):1-51.

Michaelis UR, Falck JR, Schmidt R, et al. Cytochrome
P4502CY9-derived epoxyeicosatrienoic acids induce the expres-
sion of cyclooxygenase-2 in endothelial cells[J]. Arterioscler
Thromb Vasc Biol,2005, 25(2):321-326.
Chen JK, Capdevila J, Harris RC. Heparin-binding EGF-like
growth factor mediates the biological effects of P450 arachi-
donate epoxygenase metabolites in epithelial cells{J], Proc
Natl Acad Sci USA, 2002 99(9) :6029-6034.,

Sun J, Sui X, Bradbury JA, et al. Inhibition of vascular
smooth muscle cell migration by cytochrome P450 epoxygen-
ase-derived eicosanoids [ J J. Circ Res, 2002 90 (9);
1020-1027.
Jiang JG, Chen CL, Wang DW, et al. Cytochrome P450 2J2
promotes the neoplastic phenotype of carcinoma cells and is
up-regulated in human tumors[J]. Cancer Res , 2005,
65(11) :4707-4715.

Wong PY, Lai PS, Falck JR. Mechanism and signal trans-
duction of 14 (R), 15 (S)-epoxyeicosatrienoic acid (14, 15-
EET) binding in guinea pig monocytes[]]. Prostaglandins
Other Lipid Mediat, 2000, 62(4):321-333.

Fukao M, Mason HS, Kenyon JL, et al. Regulation of BKCa
channels expressed in human embryonic kidney 293 cells by
epoxyeicosatrienoic acid[J]. Mol Pharmacol, 2001, 59(1);
16-23,

Michaelis UR, Fisslthaler B, Barbosa-Sicard E, et al. Cyto-
chrome P450 epoxygenases 2(C8/Y-derived are implicated in
hypoxia-induced endothelial cell migration and angiogenesis
[J1. J Cell Sci, 2005,118(23) :5489-5498.

Pozzi A, Macias-Perez I, Abair T, et al. Characterization of
5,6- and 8,9-epoxyeicosatrienoic acids (5,6- and 8,9-EET)
as potent in vivo angiogenic lipids[JJ. J Biol Chem , 2005,
280(29) :27138-27146.

Wang Y, Wei X, Xiao X, et al. Arachidonic acid epoxygen-
ase metabolites stimulate endothelial cell growth and angio-
genesis via mitogen-activated protein kinase and phosphati-
dylinositol 3-kinase/ Akt signaling pathways[J]. ] Pharmacol
Exp Ther, 2005,314(2):522-532,

Widstrom RL, Norris AW, Spector AA. Binding of cyto-
chrome P450 monooxygenase and lipoxygenase pathway prod-
ucts by heart fatty acidbinding protein[J]. Biochemistry,
2001,40(4) :1070-1076.

(A% :2009-12-03 5w .2010-02-02)
(EXHE S AE)



