Antioxidant effect of Estrogen
on Bovine aortic endothelial cells
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H Z 0| &t J|(Menopausal transition)

Declining estrogen levels
—> multifarious metabolic and physiologic
changes

—>strongly associated with increased Incidence
of hypertension and susceptibility to CVD



Framingham Cohort 1971-1974
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Men Women Men Women Men Women Men Women
35-64 18 9 14 6 3 2 3 2
65-94 43 30 27 17 12 11 11 9

Risk ratio® 24 (83) 1.9 28) 4.0 (55) 3.7 C45)

a Also includes peripheral vascular disease.
b (65-94)/(35-64).
CHD = coronary heart disease; CHF = congestive heart failure; CV = cardiovascular.

Am Heart J. 1986.111:383-390; Kannel WB, Prev Cardiol 1998




Menopause and CVD

Mainly due to Estrogen deficiency
— Change in body composition
. android type fat distribution
— Metabolic syndrome
— More atherogenic lipoprotein profile
— Impaired fibrinolytic potential
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Women’s Health Initiative (WHI)
Study. Outline

end in March 2005 F/U : 8.5 yrs

<Outcomes>
- Primary outcome
Coronary heart diseases (CHD)
non-fatal myocardial infarction and CHD death
- Secondary outcome
Stroke, Venous Thromboembolism,
Colorectal Cancer, Osteoporosis-related fractures,
all-cause Mortality

adverse outcome

stopped in Feb. 2004 ¥.e breast cancer stopped in May, 2002
6.8 yrs F/U : 5.2 yrs

|



WHI clinical outcome

Event

CHD event

Nonfatal Ml

CHD death
Invasive breast cancer
Stroke
Pulmonary embolism
Colorectal cancer
Endometrial cancer
Hip fracture
Vertebral fracture

Death due to causes other
than events above Global
index

Relative Risk

CEE/MPA vs.
placebo

(Hazard ratio)

1.29 (1.02-1.63)*
1.32 (1.02-1.72)*
1.18 (0.70-1.97)
1.26 (1.00-1.59)
1.41 (1.07-1.85)«
2.13 (1.39-3.25)+
0.63 (0.43-0.92)*
0.83 (0.47-1.47)
0.66 (0.45-0.98)*
0.66 (0.44-0.98)*
0.92 (0.74-1.14)

Relative Risk
CEE vs. placebo
(Hazard ratio)

0.91 (0.75-1.12)
0.94 (0.65-1.36)
0.84 (0.70-1.12)
0.77 (0.59-1.01)
1.39 (1.10-1.77)*
1.34 (0.87-2.06)
1.03 (0.75-1.55)
0.61 (0.41-0.91)*
0.62 (0.42-0.93)*
1.01 (0.91-1.12)



Antioxidant protection of LDL by physiological concentrations of
17 beta—estradiol.

Shwaery GT et al. Circulation. 1997 Mar 18:95(6):1378-85.

The inhibition of low—density lipoprotein oxidation by 17—beta
estradiol. Rifici VA et al. Metabolism. 1992 Oct;41(10):1110-4.

Effects of oral estrogen on aortic ROS—generating and —
scavenging enzymes and atherosclerosis in apoE—deficient
mice. Wing LY et al. Exp Biol Med (Maywood). 2009
Sep.234(9):1037-46. Epub 2009 Jun 22.

Long—term oral estrogen treatment reduces ROS levels and
atherosclerosis progression in apoE(-/-) mice. Oral estrogen alters
ROS—generating and —scavenging enzyme expression, suggesting
that anti—oxidative actions in the vessel wall contribute to
atheroprotective effects of estrogen.
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DNA damage

OxIidative

stress Lipid peroxidation Cell death
(H202)

Seperation
of cytochrome C
from mitochondria
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Materials & Methods

bovine Aortic
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mechanism

» Western blotting for phospho—p38, p38, and Bcl-2
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Materials & Methods (contin.)

T.AIEZH S & & XX
A2 LRI M ZE =2 bAEC(bovine Aortic Endothelial Cell), DMEM
(Dulbecco's Modified Eagle Medium, Gibco/BRL, MD, U.S.A.)
=22 &t == Jtotd| fI6tH 30%2 H,0,(Sigma Chemicals, St.
Louis, MO, U.S.A.)E E=XHcel ot 20, HAEZA Helz22 1 uM2
17B—estradiol(E,) (S|gma Chemicals, St. Louis, MO, U. SA)C> NI\
== JIot)| 24A12F M0 E o & bH&F

2. &A= MTTEA
96 well plateOll 1 x 104 /mé JH2| bAEC MIEZE HIZAIHA HEZS 30%2
H,O, (Sigma Chemicals)E 2l 4t ._%%‘%”( BS)0l 500 uM & 3| & 50
15, 30, 602 S0t AtgtA=22 JIolUCH, HIAEZ 2 Hel=2 1 M |
17B—estradiol(E,) 2 24A12F &0l He2lot0 MEH = 15, 30, 602 S
ASER =2 S DM EP
NI Z2l AN Oist 244 HIl= tetrazolium based colorimetric
assay 2 s HE S MTT[3-(4,5—-dimethylthiazol-2-yl) -2,5-
diphenyl—tetrazolium bromide] (Colorimetric assay kit, Chemicon Inc.
CA, USA) SHEAI S 0|26t 450 mijlA SZ2E=E SAJMLC.



Materials & Methods (contin.)

3. HIZ LH reactive oxygen species (ROS) =&

6 well tissue culture dish0l 5 x 104/mé JH2| bAEC NI E bBH 26t
mM s &2 H,0,0 3AIZE =S AR HAEZ Hel2= 1 uMel
estradiol2 &tst Xt=2= Jtokd| 24A12F 0l S04t MBS st =0 &
2 BIHO Z AGHAI=.

Ol=0l PBS =%z 23| MlA, 30 uMel 2,7-dichlorofluo— rescin
diacetate (DCF-DA (Sigma Chemicals, St. Louis, MO, U.S. A.)E &J}|
ot 1AI2t =2 CO,E 5% & =2t 37T incubation — A& = flow
cytometer (FACScan, Becton—-Dickinson, Mountain View, CA, U.S.A.)
E = A

4. HIEZ XIS A SHENSHA &
4 well chamber slideOfl 1 x 104/mé JH2| bAEC All %3] 1 MM =
E9 H,O0.0l 3AIZE =&, HIAEZ2 X222 & ot 20| ™Rl =
AA H0,00 3AIZE =&, CIMFRASAMILZ 25| M=ot 3.7%
formaldehyde2@ MIZE DEAII|L], CTHA| QIAE A S Al A2 33| A0
H = 10 ug/mL2] Hoechst 33342 (Sigma Chemicals, St. Louis, MO,
U.S.A)E EJIotH 1AI2HSOH A 22 AAI0AH BIS AIZILD NIE = &2
sl 3oz 2L

_.|

% H

=i
2



Materials & Methods (contin.)

5. Western blotting
2 x 105/me JH 2l bAEC NI Z 100 mv dishOfl HHEAIZH 30%2] H,0,= €
MetE 229 (PBS)MH 1 mMEZ S| A6 3AI2E S02F At Xt == JFRECEH Ol
AEZA Hel22 GA 22 s2st eEHoZ A X = 3AI2F SOF 4
stAt=3= JHULCE.
phospho—-p382| &4 AN E &Clot A HEZ U HAEZ A X2l 20
N SB203580(Sigma Chemicals)E 20 uM s&2 1 Al2F & X X| st
== 6P Chy
2 Xt M= phospho—p38, p38 MAP kinase (Thr180/Tyr182) (Cell
signaling Technology, Beverly, MA, U.S.A. ), Bcl-2 (Santa Cruz
Biotechnology, Santa Cruz, CA, U.S.A.) & Xl



Materials & Methods (contin.)

6. @ZEXHEZ2|D]|(fluorescence activated cell sorter, FACS)E 0|28t Al

ERYA A
OIMHASAALEZ M ESH = 100 #£2] Annexin V binding buffer(140
mM NaCl, 10 mM Hepes, pH 7.4, 25 mM CaCl,)2 ME R AIZLCE 5 44
9| Annexin V—FITC conjugate2 5 #£2] propidium iodide (PI)S E &
AN 1522 BFSAIZCEH 400 #£2] Annexin V binding bufferE & J}

ot FACScan (Becton-Dickinson)2 & 24,
7. EHI24 (Statistical analysis)
A B2 + 82
|

nc, Chicago,
Ol ==2 P<K0.05z A9,



Results
— cell survival by MTT assay

17B—estradiol inhibited H202 induced bAEC death.
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Results
— cellular apoptosis by Hoechst 33342 staining

17B—estradiol reduced apoptotic bodies and

nuclear chromatin condensation.
CON H,0, E, E,+H,0,




Results
— Reactive oxygen species by DCF—-DA

17B—estradiol inhibited intracellular ROS production.
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Stimulus

MAPKKK

MAP KK
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p38 MAPK Signaling Pathways
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— intracellular mechanism of apoptosis after oxidative stress
by western blotting for phospho—p38, p38, and Bcl-2
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Results
— cellular apoptosis by FACS
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Signaling events mediating hydrogen peroxide modulation of endothelial cell growth and

apoptosis.
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Limitations

Bovine aortic endothelial cells
In vitro experiment



Conclusion

A2 HSUUHIIMEHA E22 X XI=
H,O,0l Ciet & Xl Aot A= 01l CHoll A
SZUINEE ESol= HES otULt.

E2= HIE LH2| Reactive oxygen speciesE =0|4l,
antiapoptotic effect& 2 i L.

Oleist ES&20 Uis | de2=
NI L p38 MAP KinaseE &4d3tAld|l= Az M2 5,
St= 0|4S JI1™0| CHSH A 3201 O 2 KRBT

OetA, e s22 X2 HE HAE0 A
AFSEXF=0ll CHSEO! cardiovascular integrity S X0l =2 &t
aatsE g A0icte UEsE 2 HE MAIE = URLLCH






