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Pathophysiology of Atherosclerosis

(1856), Aschoff (1920), Anitschkow (1933) 5°] 543t lipid hypothesis=
o5& MAMALS B0l WSl Auf AlO] S4FE A Ste} vtk BHol ¥
A glom A2HALE HolH WAt glojX]e Ag ksl Hargh vl Qi
I8} o] 59 AdEES Y-S abundant lipophages, absent hyaliniza—
tion of plaque, little sclerosis, little stenosis, no ulceration 52 &AL

Ao W Aob= Alolsle] We xjo|E Ho|al QItt Crawford?} Blankenhorn
(1991)2 lipid autoxidation hypothesis® FA3}1 21 hypoxia
(intimal thickening), high oxygen demand 522 oxygen radical®] A4
J,]- tﬂ?fdo] 01011,]. ._,T/K]—EUH §}7]. H]—}ﬁﬁ]—]‘,}}_‘. O]EO]L]- MXﬂE 11/\]5\_50] A3}
w3k S}, AME AR 32 W B shunte} fistulad] Aol &
s o] WAEEA] ro g o] 23k AAIZF AASHA] ¢hal Qi 1
U 71 & Witzum (1994), Steinberg @ Parthasarathy 52 #& LDLo] 3l
79 chemotaxisE o= s SHTORH 2T thA| FHEL Q= A%
oltt, I QY= Von Rokitansky (1852)2} Duguid (1946)%] thrombogenic
hypothesis, Duff?] intimal injury hypothesis, Benditt¥} Benditt (1973)2]
monoclonal hypothesis, Benditt®} Schwartz®] unifying hypothesis,

Hauss (1962), Chisolm(1991)2] mechanical or hemodynamic hypothesis,
Stehbens(1993)2] vascular fatigue hypothesis 5°] 2L} 0|23} AA|7}
ges] dA == A %i‘: A7golnh ARz A 7 de] WolEofA]aL Qe
Z2AE W Aslo] Wol22 Russel Ross® £4F9| tigt vk (response to
injury)¥ Peter Libby 52 €% (inflammation)do|tt, & 18} 1XE3
59 4ol dak YAzl o] AW ofof gk kg2 dyto]| P50l i
SHiL A= 54748 2= Alolth 2 Dzau 5 =5¢
o] Aot w37t Fe) &2 Az 25AI71A] 58
O 22X 4737 A E s HAlE ok Bhe Sl

a9

o MN o
=
12 o

714

=
Fokl A5 oA

oY

2.3, %% At Ty
A} Ross 50| 74T 4540 2o Aate du tmAxo) get

15



Pathophysiology of Atherosclerosis

(denudation)o] AN, 1 & oA 2e] 7] oo & AAS vl glct ]
A2ze] 7] oldE ZEfish= ofe] YlERE+ 1) LDLY 45 ¥ ¥1% LDL, 2)
, B 52 8 1] Az NADPHE A=3to] f2]7](free
radicals)E A3t o]+ NOLF 235} toxic material?l ONOO—(perox—

=
ynitrite) 84, 3) 4% W (genetic alteration), 4 8% homocysteine?

=
g, 18} T

A¥%. 5) chlamydia pneumoniael}l herpesvirus 52 22 infectious
microorganisms, 6) °|& 849 B34 3¢ 52 & 5 Ut o] A$ od

A njury)oll gt D3 e Zo] A ghgo

&4 | et et 2 A9y
g AtoflA S/ 3R] AR 9 Aty o] oA angiotensin T8k
EZol o)) uf7i=| 1 ek Ao] ¥zl v ok, S AAbEe] Qs e E
o] ZZ]of|A] renin—angiotension system (RAS)O] TAAO R oA} W]
31 Qe A Rl Aot olAF ¥ angiotensin 1= @3 WA E
£ HIEste] S ZSA1E, ot AdfotAlE 2 AXANEE A=5te] NADP(H)

oxidaseE WHA|A superoxide & B/JAtA7] [reactive oxygen species
(ROS)IE F/ste] WulA|zof ARIAEH AE F7HARIEHTE 1).
=2 NADP(H) oxidase®?] ¥&-2 angiotensin, endothelin—1, thrombin,

L e

Transcription MAPK
lon factors Tyrosine Tyrosine INK, p38MAPK
channels NFkB kinases ™| phosphatases ERK’5D ERK1/2 MMPs
AP—1, HIF-1 )
Contraction Pro—inflammatory Cell growth/apoptosis/survival ECM
Dilation gene expression

Migration
| |

Endothelial dysfunction
Vascular remodeling
Altered tone

Vascular inflammation

8 1. Angiotensin 12t ROS2t2| & &(Adapted from reference 9)
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serotonin 52| vasoactive agents@} AFo|E7F](cytokine; IL-1, TNFa), A%
%12 growth factor; PDGF, IGF-1, EGF), mechanical factor (cyclic
stretch, laminar and oscillatory shear stress) 5°l 2|3l A}t A A
7]9] 9HA-S- angiotensin 110 2J3F NADPH oxidase®l 2J3f 714 wo] AAI =]
L} 1 9]of] NO AYAdoll #oddh= nitric oxide synthase (NOS)2] uncoupling
(NO2Q] A4S =31, peroxynitrate (ONOO) A4do] Z7hol oJsiA = HhAys}
I ¢]of xanthine oxidase, cytochrome P450, mitochon—drial
respiratory chain enzymes, phagocyte—derived mydloperoxidase 5l |
A= U5 ABAECE ZAAEE7]+= jon channels, transcription 21AFS(NFx
B, AP-1, HIF-1), tyrosine kinases, tyrosine phosphatases, MAPK, MMP
Zalo] A= YoAM|ZE 7|5 o4 endothelial dysfunction)& Z&l5}
I, NO9 Z4, d5uiiEde 571 22 U9 angiotensin converting
enzyme?] W& % angiotensin II 'HE@L] S7I& thA] o]o]-th(TLd 2). 719
w2} endothelin} catecholamines”} 571E|o] E3o] =511 PAI-1, &

oxidase

Gp91/
Nox1/
Nox4 p22 Cell Membrane

Xanthine oxidase
Mitochondrial respiration
Cyclooxygenase
Lipoxygenase
Cytochrome P450

a3 2. ZA4AslA ROS2| SH&HAdapted from reference 9)
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2% 37 2 tissue factor 'Wdo] F7He|o] o] =L, VCAM/ ICAM
o cytoklneS—J Z712 dZo] WAy 0}1:::1 ol Ba) w o= dlg o g AL
Hho] mhgo] whAetar, AYARIAL cytokines W matrix®] 57t o] FA7}
41813 remodeling®] FRHETH BE©°] angiotensin I+ RhoA/Rho
kinaseE &/d3lsto] @S $531L, insulin A& S7H71H, 3t A
T 9 SAAslelE A= AeR AtE L ok (Y 3). 2, AF AR
S Ak oy &R sl i WAL Y] &4 B 7] ool FhEE
o @ g @5 Y LEHEC] 3 W
Wute] FeEAHES 919 Alxe]7]d
(extracellular matrix)¥} 218l o] 733 A N oz thA] Y7FR| H5HA| &
o] 9]0l B/Jatar|of Ajtste] A4Skt /\]75]'%‘:}. 59 G % AT 5
o] 9li= A= 2717k A4l densedt LDLO| F4o] WolbA A E5 Fe2EHE

E
5
&
o
U
jatal
-{m
2_4{
)
it}
Il
ne
SUNNT

-~—— Agonists : Ang , ET—1, NE etc

.- REDOXSTATE
e ~-_
- / \ ‘m
A

TGF PKC

co e )
{ N SN e
\\ enNOS !
MAPK—ERK1/2 v

N PI3K—Akt

g } P-MLC
T Glucose transport “
Insulin sensitivity “~
Anti remodeling Insulin sensitivity Vasodilation R
Remodeling Anti atherogenesis

Atherogenesis Insulin resistance

w?w
L © [ © [ &© ]

J8! 3. Rho@t Alaizt 2ato| 2t M(Adapted from reference 10)

| Vasoconstriction
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TA7F A grlete Hot 44 dybH o g2 oF8] LDLo] Zlo] 3FsHA &
b2 ARt kg wol dojd 4= Qlth. 27] A2 ¢l minimally oxidized
low density lipoprotein (MM-LDL)2 72l3] 9452 oF/|sl= EXRE 39
b N EZE0| Z-5 cytokines, adhesion molecules ¥ chemoattractants
E A AFste] @) gt Wu A2 FE3kd (permeability)©] 57k
e B0 WE e Fago] Kok A oAz gekEEs
(adhesiveness) H3lEth Eat WA =7} 921 ZFeRhe 21897 2k2o] 7}

3 X ¥, vasoactive molecues, cytokines, growth factors 5= #H|s}1L, ©]

25k Rlo] AAEA] gtow ALH o o] dFukgo] ALHY, A=
ASAE]] el tel T-upt7h Za-Hct, o] a7 b Qto =
ol 5stH AANEZRE A HetE|1 o AlskE Z8AHES SR-Bl &
O] $=8AIE Bl AR AFste] A=t AFAIER Hge o] o F4=
AE ZHAHES AR FESHA "ok 28y i Aol ALEE S
Ze| 229 U Fol AlEo] ofegt Wol7| S sl Fyhfiutoll=
AWl FEl2EEC] 715 2F Yl AFAIEL] Fol FH9
ol#|gt AHiE WEsy AdoeR 27| FHATSY MY
(fatty streak)o]2fal s} AliZfjo] ge Fe2E|Eo] o
#olct,

MM-LDL& Xt} 4547 A8k oxidized LDL (Ox-LDL)o] A o]
Ox—LDL9| 442 MM-LDLY}+= g 8542 uf$- efsht Mgl 7)si
Ox-LDLE v -3kl Q= AFAIET} apoptosis E+= necrpsosE €2

71A| =lo] Mj2e] 7ol FHAHE F2 o] dolur] AlAgl, o2fgh Al22e]
Y 2 AHES fA FAA FAIZA A%El(lipid core)s BAaHH 19t
SAlo] Fagare] LSA| 2T ake] A2 A|Hkelo] oIE 0 & o] FAls)
o] W2 ¥ M3t 23S FAAToRN FA2Y AP S = BAE 3
/3 (atheroma)& B8k A olch

=
tl’.'"
E3H daefuhs F3f pericyte 501 ol S48t A5e] 2ol A=

O

o]rl

g}, @30l ASEH 45 919 Dol AXA|EZ} ko] 7F Fofut
WA hydrolytic enzymes, cytokines, chemokines ¥ growth factors®] £H]

19



Pathophysiology of Atherosclerosis

7t Solut 4 Aol wek ghe Sgo] el ek 5, WAl 65 A)
29| Hgol F7HEW A AFHR0] ofe WPt Zefslel WS o] &
AR ol ZYFU LN YFHS HEH)

=
ESE 2AE o)l = vasa vasorum¥ AZE 2L i

ot 54 o 9ol o] 2
PEE v oFstel 47 B Al FAFUel FAsel 4] FAEe] A
A7) she efakg o) s,

1A LHRE2H OF7E =AU 0] 0P CHAIMIZEO 74Z0] oF 20l= Hsi2t QlCt

20 LHRH|2 Tt o 2|0 CHAMIELO AZ0] en KIUERL HH of sidst

Ch MlZLh Z2|AHZS0| T2 2HEEC,

LIRS 7t AEs] TIRbEl0] UM, HEMZRE HZE0] L9 Zolzdl M=Ze

ZUAHIZ0| SMA LEFs =M S(pre—atheroma) THAOICH

AT ML ZHELY S| AHIZ0| MK SHZA X|Zkstacellular lipid core)g &
A5t LH9f0| Mest 2= FEE0 XHeE ZM= S 2EEE XA

AL

2l ‘FE 0] HHolck
5E: “HRE4E(floro—atheroma) 22 W7t F712 IReECE Tw0f Tk
6 "=&EH(complicated lesion) 22 HRAE FIH7F MH=HA el X0
=]

t
oL S4B £20] A Sugyez s 5246 20| E0MKl=
7

EF2A Ul a9 HdX gt HaR= gEHo .
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1. Z4E3le| 2R (adapted from reference 9)

Terms for but Histologically Nomal Intim a Additional Terms Used for Identical and

Segments Present From Birth Probably [dentical Intimal Structures

Adaptive intimal thickening Intimal cushion intimal pad, spindle cell cushion,
Eccentric type (eccentric intimal thickening) smooth muscle mass, mucoid fioromuscular

plaque, focal intimal hyperplasia

Musculoglastic intimal thickening, intimal
Diffuse type (diffuse intimal thickening) <

hyperplasia
Histological Classiflcation and Terms Additional Terms Used and Often Based
Used for Atherosclertic Lesions on Appearance With the Unaided Eye
Type | lesson Initial lesson Early lesions
Type Ilalesson Progression—prone type I
L 2 . tp Fatty streak

I1b Progression—resistant type I

Intermediate lesion,
Type Il lesson Preatheroma B i
transitional lesion

Type IV lesson Atheroma Fibrolipid plaque, Advanced lesions,
Type V lesson Fibroatheroma fibrous plaque, plaque Raised lesions
Type VI lesson Lesion with surface defect, Complicated lesion

hematoma—hemorrhage,
and/or thrombotic deposit

Type VIl lesson Calcific lesion Calcified plaque

Type Vil lesson Fibrotic lesion (Fibrous) plaque

Coronary artery at

Type lesion Type  (peatheroma)
lesion—prone location

Small pools of

‘Adaptive
extracellular

thickening Macrophage

(smooth muscle) foam cells lipid

Type  (atheroma) Type  (fibroatheroma) Type  (Complicated lesion)

Core of

extracellular Fibrous

thickening Fissure and

hematoma
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FApeke] B3 49712 Aol B WL B ATE o @
H
ha

o] wstof| vl W52 7o) wWalglo] FA157] mle] 79 BE 2AEe
A ot S LA Rk A Agsittal Azsle Alo] 4ol o]
A5 40l gl Afete v=ef Ealof oshd 10tolM 17%, 50tolM =
80% o)/ge] o] AAR Q= Zlo] BQlH v Ak, E3 e 2Ye 44
oA e HERH A fole Rl w2t 30~45%7F AdE S/dRte]
Zupol A ARV E Jhe, webA S gelele Are Skl S48
stdolut 4] 5ol ST WEjele] Heprh dofubA] o=t vl bRt
¥4 Agde WSshs Adeln. Agho] M E o] Skl E WiH 9 40%
£ AT 7R o] v e 2 ARG} 11 Fofle Yol ] ol
The Zloleh, A W7ol 75% A= oA o= R dils Al

LFER}Y] *1 ‘ETPU% 80~85% o]AF Zolx|w Bobdy FAlZ oz AEc}t 1
t of2fgt A o2 FFol A= e e At =27 e
Hoge %L; %l—r-r—J Sxpo At A7 ek, 2ok A2t A folle
HEBMoIY X A EAHe BeAE Blald Ao 2 W

/o] st (rupture) = ¢ OH WA A dehg o] FAEol ER7F A
S AY Fasto] A7) QY S0l 7] AR,

Ske] uhd e i Alze] 1Hdol FAE O e FAIEA Ao E
SH[EO] FHHAE, Tl A MzeF T-Al22) H&o] WobAlaL, A4 Al
ZO A T-A|2Z] A= 2 & matrix metalloproteinase(MMP)2] A4do] <}/J 3|
A, Aad G0l e 25 A2 olsy SAe T-AlE7F A5t
matrix A4/d0] 15 A2 |7F eFolA| AL A= FAZE 7P GRS of 7
-$l(shoulder)o]l wtdo] WAsh= Z o2 AHA Ut Statin 52 FAIAE-<]
S HEZSO Fas S0laL, FAZE AAH F7|15 SYoan 4t vt
F& sk Aol

ol
_1
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B 2. EAZASIQ SWZso| H|m

S43UAHS ZA 5} arteriosclerosis)
(atherosclerosis) HAUAZR T ST} EREE LA
HH EH ‘inside—out’ £} ‘out—inside’ #13}
=N HAY ek, =
RS Rt
HEY 42| LDL At&t Lo, €¢t, 212t 3 Zato| A
LHI|M| 2 7| S O 4 MR La, ZEH SItet 2y
Angiotensin Il 2t Sensitive to Ang I, Sensitive to Ang Il
02— other humors (02— other humors)

125 3 Ekemn &

=

AA= 19HolA CRP 5 S S| T
Akt A A= e o5 ALY
1/3~1/59] 7%= S 0] SA4RE apgo] whakex] ohar Fahff dlo] /45
= S/4HHY] X4 (erosion) FEf Y] WAzt TAE AL e}, @] HE52 A4l
Hkg o] CRP, SAA, angiotensiongen®| 57131 o= TiA] ditof 283}

o] angiotensin 112} Y& o] F7}%= of3ke 2 st}

2.6. Z87392} FHB L X10|

oz
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hu Ay
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2|51a] AL oA PGSR 2L 0T Y AHE
o
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