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Pathophysiology of Atherosclerosis: the
Mechanisms of Progression

1. Lipoproteins

2. Inflammation and progression of atherosclerosis

3. Lipoproteins and inflammation
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QCA of the mid LAD

MALD : S99 mm
Y% diameter stenosis : 30 %

Feference diameter : A9 mm
Fosition reference diameter  © 131 mrm
Length stenotic segment o 8301 mm
Fosition of p al horder - 4483 mm
Fosition of distal border © 8772 mm

Minirmurm area absolute : a3 mm?
MLA densitometry - 1.5 mmz2
MLA, circular A2 mml

nsis densitometry
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QCA Measurements

Vessel wall

Reference Diameter Minimum Lumen Diameter

Vessel wall
Outcome variable: change in percent diameter stenosis
for all stenoses > 25% at baseline
Percent Reference Diameter i Minimum Lumen Diameter
diameter = x 100

stenosis Reference Diameter
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ASTEROID: Angiographic Regression

292 patients with at least 1 segment containing >25% stenosis

Mean D Percent Diameter Stenosis

40 - g -1.3% 1.70

357

30 - 1.60

Baseline Follow -up

Median D %DS: 1 0.50% ( i 4.00, 2.00)
p <0.001

Ballantyne CM et al. Circulation 2008;117:2458i 2466.
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Change in Percent Diameter Stenosis vs
On-Treatment LDL-C in QCA Trials
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Change in Percent Diameter Stenosis vs
On-treatment HDL-C in QCA Trials
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Angiographic Effects of Lipid Drug Classes

Meta-Analysis, 12 Trials

D%s =3.0 i 0.076 (% DHDL-C)+0.06 (% DLDL-C)
R2 = 0.96; P<.004
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Angiography Does Not Image Plague




Discord between Lumen and Atherosclerosis




Recent Coronary IVUS Progression Trials: Relation
between LDL-C and Progression Rate

1.8
< CAMELOT
= p'acego REVERSAL
g 1.9 - pravastatin
=
<
= ACTIVATE
SS 0.6 7 REVERSAL @ placebo
o = atorvastatin @
2 9 A-Plus
= % placebo
%6 O | | | | 1 |
C >
G
e
c 0.6 - 2= 0.95
© ASTEROID p<0_001
8 rosuvastatin
=

-1.2

50 510) 70 80 90 100 110 120

Mean LDL-C (mg/dL)

Nissen SE et al. JAMA 2006:295:1556-1565.



Beneficial Impact of Lowering
LDL-C:HDL-C Ratio on Atherosclerosis
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Nicholls S et al. JAMA 2007:;297:4991 508



What Is the significance of progression as
measured by QCA (i.e., luminal narrowing)?

A Patients with the most progression have the highest
rate of CAD

A Progression of CAD as measured by QCA has
been shown to predict clinical CV events such Ml,
CAD mortality, and need for revascularization in the
following studies:

I Program for the Surgical Control of the Hyperlipidemias
I Montreal Heart Institute study of nicardipine
I Cholesterol Lowering Atherosclerosis Study



Changes in lumen dimension over time
correlated weakly with IVUS parameters

A Relationship between QCA and IVUS at single time points
(n=525) and changes over time (n=432)

A Statistically significant correlations were observed between
QCA coronary artery score and IVUS-derived lumen volume
(r=0.65, P<0.0001) and total vessel volume (r=0.55,
P<0.0001)

A Statistically significant but weak correlations between
changes over time in lumen dimesions on QCA and IVUS
(r=0.14, P<0.01)

A Nevertheless, pts with and without angiographic progression
had changes in plaque volume on IVUS of 9.13 and 0.20
mm? (P=0.08)

Berry et al. Circulation 2007;115:1851-1857.



IVUS vs. QCA

IVUS

A Measures wall precisely (not

atheroma)

A Measures disease in a single

proximal artery without critical
disease, ie focuses on the
portion with the LEAST luminal
narrowing

More precise method to measure
changes in vessel wall and
lumen size for CAD

Clinical significance of
progression and regression?

o o To I

To

QCA
Measures lumen dimension

Examines the entire coronary
bed including branches

Focuses on the portion with the
GREATEST luminal narrowing

More sensitive to picking of
thrombotic luminal narrowing due
to atherothrombotic events
anywhere in coronary bed

Progression as defined by QCA
predicts clinical events

A Significance of regression in

regards to clinical events unclear



MCVE frequency (%)

MCVE Frequency by LDL and HDL levels in TNT
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Barter et al, NEJM 2007, 357; 13, 1301-1310



SATURN

1300 patients with symptomatic CAD (angiographic stenosis >20%)
LDL-C with (>80 mg/dL) or without (>100 mg/dL) statin use last 4 weeks

\4
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ORION: Example of Change in Plague Composition
over 2 Years with Rosuvastatin Treatment

Baseline 1

T1IW=T1 -weighted; TOF=time -of-flight; PD=proton density; T2W=T2 -weighted; *=lumen; JV=jugular
vein
Underhill HR et al. Am Heart J 2008; 155:584.e1 1e8



Mean change from baseline (%)

ORION: Reduction in LDL-C and Lipid-Rich
Necrotic Core with Rosuvastatin
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Rosuvastatin 5 mg

B LDL-C
B % LRNC

Rosuvastatin 40 mg

A

*P <0.001 vs baseline
* y AP =0.014 vs baseline

YP <0.001 rosuvastatin 40 mg
VS rosuvastatin 5 mg

Underhill HR, et al. Am Heart J. 2008;155:584e1i 584e8



Endothelial Dysfunction in Atherosclerosis

| \ \
Endothelial Leukocyte Endothelial Leukocyte
permeability migration adhesion adhesion

Ross R. N Engl J Med 1999; 340:11571 126.



Fatty-Streak Formation in Atherosclerosis

, Adherence and Adherence
Smooth-muscle Foam-cell T-cell aqggregation of and entry
migration formation activation platelets of leukocytes

Ross R. N Engl J Med 1999; 340:11571 126.



Formation of an Advanced, Complicated
Lesion in Atherosclerosis

Macrophage accumulation Formation of Fibrous-cap formation
necrotic core

Ross R. N Engl J Med 1999; 340:11571 126.



Unstable Fibrous Plaques in Atherosclerosis

Plaque rupture Thinning of fibrous cap Hemorrhage from plaque
microvessels

Ross R. N Engl J Med 1999; 340:11571 126.



Lipoprotein Classes and Inflammation

®» % %

Chylomicrons, LDL HDL
VLDL, and
their catabolic
remnants
> 30 nm 20T 22 nm OT 15 nm
Potentially anti -

Potentially proinflammator )
M 4 iInflammatory

Doi H etal. Circulation 2000:102:670 -676; Colome C et al. Atherosclerosis 2000:;
149:295 -302; Cockerill GW et al. Arterioscler Thromb Vasc Biol 1995:15:1987 -1994.



Role of LDL In Inflammation

( LDL Readily Enter the Artery Wall Where They May be Modified 7

Vessel Lumen
L DL

-+ rr . -  rr .t r r r [ |
Endothelium

Oxidation of Lipids LDL Hydrolysis of Phosphatidylcholine
and ApoB to Lysophosphatidylcholine

Aggregation Other Chemical Modifications

Modified LDL

Modified LDL are Proinflammatory Intima

Steinberg Detal. N EnglJMed 1989;320:915 -924.



Adhesion molecules mediate
leukocyte migration

| LFAI-ICAMI
VLA4-VCAMI |
o, B,-integrin-MADCAMI PECAMI
Selectins SRC kinases ' CD99

PSGLI Selectin ‘ PI3K MACI JAMs ICAMI
VLA4 signalling _ Chemokines VAVI, VAVZ, VAV3 CAMI ESAM PECAMI?

Activation

Paracellular and transcellular

A transmigration
Adnesion

Rolling , strengthening, Intravascular Paracellular

=

spreading crawling /

Endothelial cells Basement membrane

Ley K, et al. Nat Rev Immunol. 2007;7:678-89



Characteristics of Monocytes from Blood of ApoE'”
Mice on High-Fat Diet

Blood CD11c* cells

Neat Stain

Oil Red O
staining

Electron
microscopy

Wu H et al. Circulation 2009;119:27081 2717.



The majority of foamy monocytes were CD11c* in
blood of apoE™/”> mice on HFD
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Wu H, et al. Circulation. 2009 May 26;119(20):2708-17.



CD11c and VLA-4 cooperate in monocyte capture and
firm arrest

MNCs arrested at 2 dyne/cm?

520001 P<0.001
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60% decrease 75% decrease

CD11c and VIAcontributions are not additive.
They cooperate to mediate efficient monocyte arrest on VEAM

Wu H, et al. Circulation. 2009 May 26;119(20):2708-17.



CD11c and Atherosclerosis in ApoE'" Mice

Lesions in whole aorta
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Wu H et al. Circulation 2009;119:27081 2717.
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Deficiency of CD11c decreases macrophage contents in
atherosclerotic lesions of apoE** mice
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A Model for Involvement of CD11c in Atherogenesis
In Hypercholesterolemia

CD11c' monocytes

A= VLA-4
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Wu H et al. Circulation 2009;119:2708-2717.



CD11¢/CD18 Expression Is Upregulated on Blood
Monocytes During Hypertriglyceridemia and Enhances
Adhesion to Vascular Cell Adhesion Molecule-1

R. Michazl Gowear, Huaizhu W, Greg A Fostar, Sridavi Devaraj, Ishwearlal Jialal,
Christia I, Ballardyne, Annz A Knowlton, Scott I. Simon

Objecfive—Ab hemeckmsis 5 associated with roonocyte adhesion to the artegal wall that involves intesein activation and
erngEtion ¢ flarced endothelivra Involrercent of 5, -dntegem CD11¢/CD1S in atherogenesis was recently showm
in dyslipidercic roace which rootivates our study of its mflarcaretony function dutng hyperrighendercia m hurens.

Mefhods and Reswlfs—Flow cytorcetsy of blood foorn healthy subtgects fed a standandized high-fat reeal mvealed that at
3.5 hours postprandial, roonocyte CD1 1e sutface expmsdon wes elevated, and the extent of upregqulation comelated with
blood riglycendes. I frora postprandial blood exhitited an memeased light scater poofile which comelated
with elevaed CDlle sion and uptake of lipdd paticles. Punfied roonccytes mtemalized taglhpwsdde-
lipopmotedns isolated frorn postprandial blood theough low-density ipopmtein—moe por—mhted protem-1, and this
elicited CD11c upmegulation, Laboratony-on-a-chip analysis of whole blood showed that roonocyte sdrest on 2 vass
cell adhesion roolecule-1 (VCAM-1) substtae under shear flons was ekvated at 35 hous and correlated with blood
toglywande and CDlle expresdon. At 7 hows postprandal blood trighycendes decmeased and roonccyte CD1lc
expession and aoest on VCAM-1 mtumed to fasting levels.

Conclusson—Dunng hypeaghyenderds roonccyes intemalize lipids, uwpmaulae CD1le, and incresse adhesion to
VCAM-1. These data suggest that analysis of roonocyte inflarcrcetion ey provide an addional frarcework for
evaluating individual susceptibility © candiovaeculac disezse. (Arfexoscler Thromb Vase Biof. 2011;31:00-00.)




Inflammation in Adipose Tissue Is Present
with Obesity and Plays a Crucial Role In
Obesity Related Insulin Resistance

A Increased expression of inflammatory genes in white
adipose tissue of mice with obesity due to genetic causes,
greatest increase in obesity induced by very high fat diet

A Macrophages present in adipose tissue and reduced by
treatment with rosiglitazone

A Positive correlation between macrophage markers, BMI, and
adipocyte size in both mouse and man

A Bone marrow transplants and macrophage deficient mice
show most are CSF-1 dependent, bone marrow derived

A Most TNF alpha in adipose tissue derived from
macrophages

Weisberg SP et al. J Clin Invest 2003;112:1796-1808.
Xu H et al. J Clin Invest 2003;112:1821-1830.



Obese Adipose Tissue Is Characterized by
Inflammation and Progressive Infiltration by
Macrophages as Obesity Develops

Wellen KE et al. J Clin Invest 2006:116:178571 1788.



Potential Mechanisms for Activation of
Inflammation in Adipose Tissue
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