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MK E B 5 & & (oxidized low density
lipoprotein; ox-LDL) & 3% ik % Bk 58 1675 Ak
¥ 4T E265 4 & - Cholesterol oxides -
AREBEOAILAY  SBETAIHBHR
kAL QAL BT EEEZONEIRR
FaM LIS ERESE YT LA
hydroxy- 2 keto-group: % B4 # 7-OH-,
7-keto, 19-OH-, 22-0OH- o
25-OH-cholesterol %.

Cholesterol oxides B 404t fo B 75 ALHL 9
K ta Bl T & R A ML T (programmed
cell death; PCD). 47 # R & £14.5 %)
T cholesterol oxides [ A3 H 2 B A &
WA REEMAR > RmbMETHE A8
#H E A i K HeE o MAP kinase
(Mitogen-Activated Protein kinases) £#2 &
HRTARERN A EZ— MAP kinase
pathway & 4 7 = 4& F 47 ¢854 - ERK
(p42/44,  Extracellular  signal-Regulated
Kinase) »* SAPK/INK (p46, Stress-Activated
Protein Kinase/c-Jun NH2-terminal Kinase)
#1 p38 pathway » F4b LA b #) B — & 3518 25
TEFI - AP LSRR T 4 iuhng
1LiB#2 o J£ ob3t 3] ¥ K748 MAP kinase
ST HE 1 T i3 26 cholesterol oxides 4 fn.%
B AT R G TR o RATEAI A%
#) B T B Bl bm R S B N B b B R B —
s f R 69 5 Bl 82 .41t 4s  7-OH-cholesterol

$iz 7-keto-cholesterol, 3B,5¢,6p-
trihydroxychelesterol .

BhEE # 4%

FLBE AL BE 2

Sa,6a-epoxycholestan-3B-ol % f& 15 b 4m ity
P& e e AHAT AT R MAP kinase
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cytochrome ¢ FEHR A T 28 4 LK &
o RRSHTFALABFEGASE -

FLFERTRRAME-FHBREER
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BEMANSATRYERCHERSA
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kinase ~ 5 AlLéa i ~ P9 & fa b KB
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Abstract

High level of serum cholesterol and low
density lipoprotein (LDL) have been
associated with the genesis of atherosclerosis,
a leading cause of cardiovascular disease that
affect a large number of people all over the
world. It has became clear that the
pathological conditions associated with
escess level of LDL are actually caused by
the oxidized products of LDL. Cholesterol
oxides, the oxygenated derivatives of
cholesterol, appear to be the major cytotoxic
compound in oxidized LDL. These
compounds have a hydroxy- or a keto-group
on the cholesterol molecule. Example of
cholesterol oxides include: 7-OH-, 7-keto-,

19-OH-, 22-OH- , 25-OH-cholesterol,
3 5 6 - trihydroxycholesterol .
5 ,6 -epoxycholestan-3 -ol.

There 15 evidence showing  that

programmed cell death (PCD) occurs in
smooth muscle cells and endothelial cells



treated with cholesterol oxides. In our
prelminary data also show cytotoxicity effect
m cholesterol treated human unbilical
endothelial cells. The detail mechanism of
PCD undergoing the pathway is still unclear.
MAP kinase have very important role in
PCD. The MAP kinase pathway consists 3
major parallel pathways designated as the
ERK, SAPK/INK and p38 pathways.
Activation of each above involves
phosphorylation of a number of upstream and

dowmstream family members of the pathway.

We hypothesize that a dysregulation of MAP
kinases is responsible for the vascular cell
death caused by cholesterol oxides. This
studies 1s designed to determine the
relationship between cholesterol induced
PCD and MAP kinase activities. We will

used 7-OH-cholesterol and
7-keto-cholesterol ,
3 5 ,6 -trihydroxycholesterol,5 ,6 -e

poxycholestan-3  -ol for this project because
these compounds are the most abundant in
animai tissues, and also are common among
the most extensively studied cholesterol
oxides in the field. We will used cultured
human aortic smooth muscle cells and
endothelial cells to test this hypothesis. The
studies can clearlify the mechanism of
cholesterol oxides induced apoptosis on
vascular  cells, and  whether the
pharmacological modification can change
this pathway, providing a new way for
preventing atherosclerosis formation in
cardiovascular diseases.

Keywords: Cholesterol oxides, Low-Density-

Lipoprotein, MAP kinase, Smooth Muscle
Cells, Endothelial Cells, Atherosclerosis.
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Cholesterol oxides ' B Bz 1L &
Mo EET R B EKR G IRE L2 B
X % K B5 & @& (oxidized low density
lipoprotein; ox-LDL) & * & 2 & R 4 *
Cholesterol oxides & 4ufE oz E F 5 ALEL P9
K %a FE T i AR AZ A M #L & (programmed

cell death; PCD) 2 4n 4 & £ + & 1405 8]
T cholesterol oxides 432K Z % A &
Wi N EMER AmEATEAMR
IR N - A A UL R E

MAP kinase ]t £ 81 7 1245 cholesterol

oxides 4 & E tmBLATE AR A FL T WA B
THEEARMOBE R TUTHTER -
1. #4P3% a8 cholesterol oxides fr3
Z o B AL S BB S P9 A de BB AT 3 R,
thEMHAER AT HEEI JNK » p38
MAP kinase s #p#] ERK kinase 2 7%
AR

2. HMEFLREHYBANT RIS E
% cholesterol oxides,
7-keto-cholesterol £
3B,5a,6B-trihydroxycholesterol .
Sa,6a-epoxycholestan-3B-ol & ] & 1t
&4 o

3. Cholesterol oxides & 1% 2 MAP
kinase FiboysE R > HIH¥ &£ 50
AE R SHESHRE -

4 RAPITHAREEHSTHRTEX
’Et mamETHER -

5. ¥ % %45 845% cholesterol oxides € 4&

SR BN AR 0 LR

RIS T AL TR P A
b =0 % &, o

HETRTUARANE— T A
L RBRB o B tmi ey R E MG AR
BREMMUSATEPERLHBES
B KR THER  HEHR
RFRRE -G BERT QR LB R
PALERE B BE A BB K B kAR AL R -

e d
2L B AR

(1) MRk RBILBRREEREES
FYHBEAAGBEERREERE
=] E,.?i?iu K 2 (Atherosclerosis) = # &,
AR R EERIARLEESHE EEN
AR CEBAMERREZTG - HERE S
PHREHY, REEREFOL&ALEEL
o R AL E B B85 % @ (ox-LDL) £33k



BRI R TSR TERSAE[2] -
T ey B Y ox-LDL &9 R TR R
w7 LDL itk o BB 5 E N Kb fo B
#1 B #4a i (Macrophage) - Macrophage &)
ERTREARSMEAdE At LDL
ARHFFEEMNETRARLAY (2 £
% ox-LDL 2 cholesterol oxides) - Ox-LDL
TR R G B iReBRFE
o~ Hpfl e P9 A be BB N % 45 AR 0915
BEE ) AR IS Aot B 4588 TR E 89 L
F o BEPEREART @ieR T B 643
-

% &b » cholesterol oxides & 4o A7 AT 3K A&
ox-LDL sy £ & HM A4 [3,4] - suiRIL4A
A N BB 45 F LA hydroxy- 2

keto-group = ¥ R & & 7-OH-, 7-kito,
19-OH-, 22-OH- #v 25 OH-cholesterol ~
3B,50,6B-trihydroxychalesterol .

Sa,6a-epoxycholestan-3B-ol [5] #.
(2) M5B 824,14 (Cholesterol oxides)

SR Ll

Cholesterol oxides ] 44 cholesterol &
Mok &8 BHS) 28T FHR
[6,7] kAL HYBNERHEL 8] A
$A % 2 cholesterol oxides 4 F B
ETRFAME oo e, TENE B
BR A AW AT 4 & cholesterol oxides T & ~
025 pg/g #imE ~Spg/g(7]- A 100g
(~ 1/4 pound) z #rj48 &N RN 500 pg
Z. cholesterol oxides e &4y 75 ¥T 48 dy $L B L
cholesterol 48 5] &5 i& 48 <& 4 cholesterol
oxides » #M & 2 cholesterol oxides £ A
NTHRBENDRBEEEG T[] 2hEE R
AR E 2D £[10] - Cholesterol oxides
cholesterol £ 4m i, '5 i 1B 48 F] &9 4 $] &
# o R A& cholesterol B MK 28 5
[117c % & E & cholesterol oxides 7 7T £ &
FEE B mAS&hdh & LAF 5L Bldm, BRAR BB
BEahxHzitF Laitd
7-OH-cholesterol Z €& 15uM ¥ E
200 uM [12] - &R B 2 cholesterol oxides
CHBERLETRGWIEH L mE [13]-
b BA 1L A 40 £ oo B d i 2 B4 4 B0 A4S R
A ARIRFH T -

A Py & i S 4K 3

3

RTE8RMBRL a8 T EiL
P 4 Mz cholesterol oxides » 44w » #4840
4k A #24t cholesterol oxides Z 477 © E A5
B R A &2 84 % T 4§ cholesterol #& 1&g
cholesterol oxides » M A X &4 K4 7-OH-
# 7-Keto-cholesterol + f& B 48 8% % 2] &.1t
M i6 4% (oxidative stress) PR E 2 5E +
BEATRERNAL [14] - TRFER &K
MATBRHNEBETSAEE  TH
cholesterol oxides X 3t i £ € X #H4p
[15] > % — % & » cholesterol oxides & 4R 7
#1 HMG-CoA e 8] > sb B & mAEB 2
* &8 % [16] - Cholesterol oxides v £Asi
fa i P AR X M E S 0 AR “oxysterol
binding protein” » sb#8 &% 42 & 7F f140 4]
cholesterol = 4 g A M[17,18] - &g » #
4 I T #) cholesterol oxides (1-10 pM
& 0.4-4 pg/ml)y FRITFL—EalRBRA
1% % 8 (nuclear receptor) %= steroidogenic
factor [19] & LXR % (T4t cholesterol
oxides z A I2E/LH M) [20,21] -

Cholesterol oxides i 4 i, 76 ¢

Invitro

Cholesterol oxides R % a2 H &4
R [22]  BLBBAESMTEE L E A K ta
Be [23-25], @& FFALta e [26-28], 4
Bampn [29 ), Sigadi G mia[301% 0
LREAHBE TR ERAN £
B, cholesterol oxides A% /Rt &4 .35
T apoptosis [31-33] » MR & bm B B FE
hfe [34,35] - HI N R E=ke NO &9 8
(36] » Ak & & ey A FA1E A 37) X R 5 1L
acyl Co A: cholesterol acyltransferase
(ACAT) 2 ;&M [38,39] - Cholesterol oxides
P T # %] trypan blue uptake[40],
[’H]thymidine incorportation into DNA 1%
% DNA content [41], FEA&AEEAZa9 A A% ~
AR EEE [4243] - R a R eEHEZR
F W & b B (42,441 08 B ] 5545 B AR
E bm ff P % [45,46) - bz 9k, oxysterols
Lo mpE AR E
[47,48), SR A fmhly [45,49] % du )N dR 64 B
L [50], it A bm B BB PO 2 6 B AR - Hp BN
BN A RSB Z Efh Ao ME LR IE
&R [50] » 42 phosphatidylinositol .
B R [51] 0 2143 H0 sphingomylin




W4 F % [50,52) - thi 45 5] &9 &, oxysterol
AR S FEESRTNRE
BAEY 3 Rtk B dm e [49-52]0 45 dm
B3 A MM L2 F, 42 X & 4y cholesterol
RAEL mA B, B sL#k % cholesterol € %
im B B 8R4 G1 phase, %] DNA
A & [53] - #¢ cholesterol oxides #p )
[’H]mevalonolactone incorporation £ N &
tafnuy 8 RARE T T oxysterols p & 4% B
B2 A i £ 4 HMG-CoA reductase 24§
[54-56]

Cholesterol oxides $#>— i 9% A #4574
WM IRR HM A o ww macrophage

thymocytes » lymphoma #s j2 ¥ leukemic
T-cell #[32] -

In vivo

LEBREBMERLE, FEET oxysterol
EaTReRERER, SREMEAE
A RTFZLBETH RSN RS
Bl&E [57-59) - B4 HAMBAK
oxysterol & fo % % B i X apoptosis #
necrosis & 4 -F ##| [60-62] - Cholesterol
oxides A iE M mp EH FHAHIEREA B
MEMEGHET - AEHBRTES S
Be L& 72 cholesterol oxides & ¥ i smplsz
4 & 7%+ (programmed cell death; PCD) - B
MAPHZARMAEEINCAETLRAL
6 %) . B S K B AR AR AL E o

3) PCD and MAP kinase

PCD BrAfi§#) “apoptosis”: & —# & &
FRAFTREDFE LRGBS RaB AT
R [63-65] » A 4 AL K PO R et L 4R
oxysterol % % 3% apoptosis Z 45 A%
N—-taECHALBELETRAILY
(reactive oxygen species)#y 4 & B 45 » 2 1%
¥4 T DNA ~ RNA # protein &9 4 /&
7% 1t immediate early protein, c-jun Fv
cytochrome ¢ HALGZHEL - FLT — %
74y protease Bp”caspases” s 4v caspase-3
(CPP32) £ R F A el R ET
apoptosis © # £ % F » PCD bisbenzimide
propidium iodide # & 2 3 &% A TUNEL
ik ik assay i PCD v #)tmfy 4§

K DNA #RERERBELRL LBEE
£ E R KK ladder B9 % - U THHE
RO T atmipfis PCD s§-TH 2 816)
& HF - (Adapted from [32])

Reactive 1 c¢-Junactivation | BAX

- Cytochrome C — Capase activation

release

DNA fragmentation Nuclei condensation

MAP kinase (Mitogen-Activated Protein
kinases) £ PCD R EEH AL 2L —
MAP kinase pathway 6.4 T Z#-F478%
% o ERK (p42/44, Extracellular
signal-Regulated Kinase) * SAPK/INK (p46,
Stress-Activated  Protein  Kinase/c-Jun
NH2-terminal Kinase) #i p38 pathway - /&
e E B — B edR b 451
R T R Y e
(phosphorylation) © 54w + 71t JNK 3848 4
Ak JNK 82 INK L3545 4 (40, SEK-1)
TFT#4E (4o c-jun & ATF-2)ey &84k~ 3%
T RN AT R B FFTHEE
B -F R % (AP-1)[66,67] «

(4) PCD and cholesterol oxides toxicity

PCD £ % % M A &) o lo R B
cholesterol oxides BF %] & ¥ HFHF XI5 B
#% 7-keto-cholesterol (12 pg/ml, 30 uM) &
A2 o T F AL B0 24 N BE 1S 634 A
DNA fragmentation 2 3, %<& fu A caspase
Hp 4 B 0% By o i %, DNA fragmentation - %
PELEBE R EFRALmBIETR
JTPCD 84& - T B FHNinfh » o ¥
P & ta L cholesterol oxides z & 32 F 7R
4T apoptosis [68] » 84 % 2 » cholesterol
oxides & R ém L T BF N F— S IF
3t o sbobh 0 0 E G E 8 & cholesterol oxides
4& cholesterol A R B.H #pHI/EH > shogbp



{# 4o cholesterol < & &3 %) tm B 69 56
o R LK MH#r4 cholesterol =2 4
B i R PCD & M[69] « 7T & b
ERK » INK 2 p38 2 Rk - &
ideh e EL BEAEEER -

T & B Al &4 A M cholesterol oxides &

mim AR H AL atherosclerosis i B 1%

1. Cholesterol oxides & cholesterol = 4%
i ASFHMERMIAZRLEME
oo ERAERG G ML EL -

2. Cholestero] oxides £ ox-LDL #
atherosclerogenic Z B F B » 47T
Fo dn A5 B fa B 3% A%, PCD o

3. BEARLE AR LB
cholesterol oxides T 4& # % MAP kinase
fanmily [32] » {2 2 B A7 & b 3£ 3% # 4£47
4 T K MAP kinase 2
cholesterol oxides & £z & %1 3 (smooth
muscle cell and endothelial cell) % & 2
FME4E A 2 B -

= HRuHE

KE &R
Cholesterol oxides induced cytotoxicity on
HUVEC (Human Umbilical Vain
Endothelial Cell)

(1) MTT-test
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b) Effect of
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(2) Reactive Oxygen Species
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induced ROS production on HUVEC
(HUVEC were co-treated with DCFH-DA
and triol for 2 hrs, detected by flow
cytometry)

~_ 25
&
o 20 4
c
o
& 15 o
o
£
@ 10
[
@
g 51
S
T g — |
N N & -
& &
Y LN 5} oY
& & s T
AL AR «QO



(3) Propidium iodium staining of apoptic

nuclei DNA
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