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LDL-C and HDL-C LRJLEDIMEEEFET-EDR R

Morbility ratio
(OBS/EXP)

LDL-C (mg/dl)

Am Heart J, 1985
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Familial HDL Deficiency

Tangier disease
lal LCAT deficiency / Fish eye disease
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00 A-I/C-Ill deficiency
DL deficiency with planar xanthoma

00 A-|l deficiency

hypoalphalipoproteinemia

{

Often associated with corneal opacity &
premature coronary artery disease




Corneal Opacity in LCAT Deficiency (Fish Eye Disease)

T.W.(Right)



A 56-year-old Case of HDL Deficiency

Laboratory Data:
TC 28 mg/dl

TG 185 mg/dl

Clinical Data:
Hepatosplenomegaly
Orange tonsils
Angina pectoris






Marked Coronary Atherosclerosis in a Case of Tangier Disease

(Komuro R, et al. Circulation. 2000) 10
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52-year-old male with Tangier disease

Height: 160cm Weight: 60.0kg BMI: 23.4kg/mi
Orange tonsil 15 cigarettes/day (Brinkman Index 525)

« ')
> <
4d A D>
Laboratory data
Na 141 mEq/I AST 27 mEq/I Total cholesterol 98 mg/dl
K 43 mEq/I ALT 15 mEq/I HDL-C 2 mg/dl
Cl 106 mEq/I ALP 255 mEq/I LDL-C 89 meg/dl
Alb 40 g/d LDH 211 g/dl Triglyceride 67 mg/dl
BUN 16 mg/dl HbA1c 45 mg/dl Lipoprotein (a) 2 mg/dl

Cr 0.45 mg/dl CRP 0.50 mg/dl apoprotein A-1 <5 mg/dl



Leriche syndrome in Tangier disease

Abdominal aorta and Lower limbs

- Leriche syndrome -

Impotence

-intermittent claudication

-feeling of coldness in
lower extremities

Rt.RA-# . ' 7

e

collate"al cppeteral '

- = = Aorta-external iliac artery bypass surgery
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Yamashita S: J Atheroscler Thromb 17:436-451, 2010



Effects of Lipid-free and Lipid-associated ApoA-I and ApoA-I1 on Insulin
Secretion from Min6 Cells in the Basal State

17
Fryirs, M. A. et al: Arterioscler Thromb Vasc Biol 30:1642-1648, 2010
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HDL®D w4

“Functional HDL” “Dysfunctional HDL”
EEHDL EEHDL

Ansell et al, JACC 2005; 10: 1792-1798
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HDL HDL HDL
Healthy Patients Patients
Subjects with with ACS

Stable CAD

Luscher T et al: Circulation Research 114:171-182, 2014
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Luscher T et al: Circulation Research 114:171-182, 2014
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Ansell et al, Curr Opin Lipidol 18: 157-163, 2007
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Khera et al: N Engl J Med 2011
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Khera et al: N Engl J Med 2011
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Khera et al: N Engl J Med 2011
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Rohatgi A, et al: NEJM 371:2383-2393, 2014



HDL Cholesterol Efflux Capacity and
Incident Cardiovascular Events

Atherosclerotic
Cardiovascular
Disease

Total

Cardiovascular
Disease

Rohatgi A, et al: NEJM 371:2383-2393, 2014



Effect of Lifestyle Modifications on HDL-C
Levels and HDL Components

Therapeutic Intervention

Increase
in HDL-C
Levels, %

Mechanism of Action

Aerobic exercige?4 254243

5-10

Increases pre-B-HDL, reverse cholesterol
transpont, LPL, and atheroprotective
subpopulations

Tobacco cessation'®2627

5-10

Increases | CAT and reverse cholesterol
transport
Decreases CETP

Weight loss?®%2

0.35 mg/dL
per kilogram
of weight lost

Increases LCAT, LPL, and reverse
cholesterol transport

Alcohol consumption?*38

5-15

Increases ABCAT, apo A-1, and
paraoxonase
Decreases CETP

Dietary factors (n-3 PUFAs,
n-6 PUFAs, MUFAg):536841

0-86

Improves LDL-C:HDL-C ratio
Increases atheroprotective subpopulations

JAMA 298:786-798. 2007




Strategies for Raising HDL-C in Humans
HDL-C Raising Drugs

Fibrates: Increase HDL-C by 5-25%
Niacin: Increases HDL-C by 10-30%
Statins: Increase HDL-C by 3-12%
Ezetimibe: Increases HDL-C by 3-7%

PCSK9I: Increases HDL-C by 2-3%

30
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REVERSE CHOLESTEROL TRANSPORT

Liver
r LDL ApoB-containing lipoprotein
receptor / (VLDL,IDL, LDL)

CE

Dlscmdal
HDL

- "
Atheroma
Intestine (Foam cell)

SmaII HDL Large HDL




Two Cases of Marked Hyperalphalipoproteinemia
with Premature Corneal Opacity

58 y.0. Male 61 y.0. Male

TC 261 mg/dl TC 238 mqg/dl
TG 68 TG 64
HDL-C 154 HDL-C 138

CHD (-) CHD (+)

Matsuzawa Y, Yamashita S, et al. Atherosclerosis 1



Lipoprotein Abnormalities of CETP Deficiency

Nondenaturing
PAGE (4-30%)

Normal—
LDL

LDL in CETP deficiency

Polydisperse LDL poor in CE

Low affinity to LDL receptors

Yamashita S et al, Atherosclerosis 1988
Sakai N et al, Arterioscler Thromb 1991
& Eur J Clin Invest 1995

Normal [
HDL HDL in CETP deficiency

arked increase in HDL?2

arge HDL particles enriched with CE
& apo E
Reduced capacity of cholesterol efflux

Control
Deficiency

CETP

Yamashita S et al, J Clin Invest 1990
Ishigami M et al, J Biochem 1994



Epidemiology of Hyper-HDL-
cholesterolemia in Omagari Area

Large Population-based study in Omagari, Japan
Subjects: Male=39567, Female=64938

Prevalence of intron 14 splicing defect ------------------—-- 20-fold hlgher
Marked hyperalphalipoproteinemia ------- 10-fold h|gher
(HDL-C =100 mg/dl)

CETP Gene Mutation
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% Incidence of ECG Abnormality

(ReftzR)
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<40 40 50 60 70 go >90
-49 -59 -69 -79 -89
HDL-cholesterol (mg/dL)

Arterioscler Thromb Vasc Biol 1997

CETPRIEfE TlX
TS5—oRa7HEM

(Fushimi E and Yamashita S,
unpublished)

N
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[TENARRE L E R
(Yamashita S:

Atherosclerosis 2000)
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Hirano K et al: Arterioscler Thromb Vasc Biol 17:1053-1059, 1997
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CETPEEEDM;FREICRIFITHR

% Change from Baseline

dose (mg/day) 60 (610]0) 100 500
HDL-C (%)

LDL-C (%) -24 -2 -40 -36

TG (%) -9 -3 -7 -11

Adapted from Cannon C et al. JAMA. 2011;306:2153-2155.
Nicholls SJ et al. JAMA. 2011;306:2099-2109.




ILLUMINATERFZE

Effects of Torcetrapib in Patients at High Risk for Coronary Events
HoPBHREHAICESFET

100
. 99 T —

Patients i

without 98 |
Event 97

(%) 961 HR=1.58(95%Cl1:1.14-2.19)
9571 p=0.006
O 1 T T T T T T T T T

DMEA N2 b+

100 T
Patients o8 -\
without 96

94 7
E
\22/2;: 921 HR=1.25(95%Cl1:1.09-1.44)
90 '\}\ p=0.001

0] 90 100 270 360 450 540 630 720 810
Days after Randomization
— Atorvastatin(n=7,534) - Atorvastatin+Torcetrapib(n=7,533)

Barter PJ et al for the ILLUMINATE Investigators: N Engl J Med 2007; 357 :2109-2122
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dal-OUTCOMESE B

Rationale and design of the dal-OUTCOMES trial: efficacy and safety of
dalcetrapib in patients with recent acute coronary syndrome.

AuthorsSchwartz GG, et al. Am Heart J. 2009 Dec;158(6):896-901.
DESIGN: The study will randomize approximately 15,600 patienis to
receive daily doses of dalcetrapib 600 mg or matching placebo, beginning
4 to 12 weeks after an index ACS event. There are no prespecified
boundaries for HDL cholesterol levels at entry. Other elements of care,
including management of low-density lipoprotein cholesterol, are to follow
best evidence-based practice. The primary efficacy measure is time to first
occurrence of coronary heart disease death, nonfatal acute myocardial
infarction, unstable angina requiring hospital admission, resuscitated
cardiac arrest, or atherothrombotic stroke. The trial will continue until 1,600
primary end point events have occurred, all evaluable subjects have been
followed for at least 2 years, and 80% of evaluable subjects have been
followed for at least 2.5 years.
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Primary outcome: Major coronary events

15 _

(REVEALERER)
(Coronary death, myocardial infarction, or coronary revascularization)
Anacetrapib Placebo
1640 (10.8%) 1803 (11.8%) Placebo
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Rate ratio 0.91 (0.85 to 0.97)
P=0.004

Anacetrapib

1 2 3 4
Years of Follow-up



REVEALEUS% : = 2HlIR B & Bl A% i (1

Mean Lipid Difference (mg/dL) Anacetrapib Placebo . Heterogeneity
Baseline Characteristic HDL-C Non-HDL-C (N=15225)  (N=15224) Rate Ratio (95% Cl)  ,, 1rend P Value

no. of participants with events (%)

Age at randomization (years) -

<65 42 20 646 (9.7) 721 (10.9) —_—. 0.90 (0.81-1.00)

265 <70 44 17 360 (10.7) 392 (11.8) —_— 0.91(0.79-1.05)

270 45 =13 634 (122) 690 (13.3) +- 0.91(082-1.01) 084
Gender .

Male a3 -18 1384 (10.8) 1538 (12.0) —— 0.90 (0.84-0 37)

Female 44 -10 246 (100) 285 (108) : 0.93(0.78-1.11) 075
Prior disease 1

Coronary heart disease 43 -18 1547 (11.6) 1706 (12.8) + 0.91(0.85-097) 082

Cerebrovasoular disease 43 -15 340 (10.0) 384 (10.7) —_—T 093(080-1.08) 066

Peripheral-artery disease 43 -16 168 (13.7) 158 (13.1) : > 1068(085-132) 0.14

Diabetes 11 -19 787 (13.9) 874 (15.4) + 0.0 (082-0.99) 0.79

Heart failure 44 18 161 (21.2) 176 (20.3) : > 106(086-129) 012
Time since gualifying event :

<12 months 42 -17 335 (123) 386 (14.4) —I—{— 0.84 (0.73-0.97)

212 months 44 A7 1305 (104) 1417 (11.3) —— 0.92(0.86-099) 028
Region '

Europe 44 -17 711 (90) 768 (98) —— 0.93 (0.84-1.02)

North America 41 -18 457 (15.0) 479 (15.8) — 0.95 (0.83-1.07)

I China 43 A7 472 (10.9) 556 (12.9) ——— 0.84 (0.75-0.95) 017 |

Atorvastatin dose :

Low a4 -18 780 (10.3) 889 (118) — 087 (0.79-0.96)

High 13 <16 8€0 (11.2) 911 (11.9) +— 0.94(0.86-1.03) Q.27
Systolic blood pressure (mmHg) :

<125 43 47 606 (10.7) 657 (11.4) — 0.93 (0.84-1.04)

2125, <140 43 -18 505 (105) 546 (11.5) . 0.91 (0.80-1.02)

2140 43 -16 529 (11.2) 600 (12.7) —.—‘,— D88(0.78-098) 043
Diastolic blood pressure (mmHg) H

<75 43 -16 665 (12.3) 750 (13.0) i 0.95 (0.85-1.05)

275, <85 44 -7 519 (96) 583 (11.0) —a— 0.86 (0.77-0.97)

=85 43 18 426 (10.2) 470 (11.3) — 0.90(0.79-1.03) 049

0!7 0!8 1.0 112

Anacetrapib better Placebo Better
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CETPEME L DIMEA AN F

og rank p=0.0004

«=CETP <median

A .. = [ S

lower CETP

Survival free of VD

0 10

Time (Years)

Number at Risk
CETP<median 989 858
CETP>median 989 886

CETP;EHMEMNEBEWVETIIODMEAA FOY X7 HRE LY

Frammingham Study

Vasan, R. S. et al. Circulation 2009;120:2414-2420




All-cause and Cardiovascular Mortality According to Quartiles of CETP
Mass Levels in All Individuals or in Patients with Angiographic CAD

LURIC StUdy Ritsch A et al. Circulation 2010:121:366-374




Extreme High HDL-cholesterol Is Paradoxically Associated with
High Mortality in Men and Women: Two Prospective Cohort Studies

Madsen CM, et al: Eur Heart J 38:2478-2486, 2017



Extreme High HDL-cholesterol Is Paradoxically Associated with
High Mortality in Men and Women: Two Prospective Cohort Studies

Madsen CM, et al: Eur Heart J 38:2478-2486, 2017



HDL cholesterol levels and Cardiovascular mortality
-Epoch JAPAN study-

A 12-year follow-up of 43407 individuals in 9 cohort studies in Japan

Multivariable
Hazard Ratio 165 * p<0.05
1.13
1.43
1.07
1.23 0.96 1,04
1 14* ' oo 103 L
1.18* 0.93
) N 4 SR ***-—-Q'-%-;-\t .......... R S K -

emen and women
Emen
e women

<40 40-59 60-79 80-89 =90
HDL-C (mg/dl)
Number of participants (upper line)and events (lower line) in each HDL-C category

6804 23793 10888 1290 632
281 691 257 30 21

Hirata A, Okamura T, et al. J Clin Lipidol 2018
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Kaplan-Meier Curve for Primary End Point in AIM-HIGH Study in Patients
with Low HDL-cholesterol Levels Receiving Intensive Statin Therapy

N Engl J Med 365:2255-2267, 2011



Overview of Classes of HDL-Based Agents Tested in Humans

Class Drug Route of

Administration

Stage of Development

ApoA-1 based

Intravenous apoA-1 MBGCO-246{(Atyianc—trtravenous———Phase

CSL-112 Intravenous
CER-001 Intravenous
Autologous HDL delipidation intravenous
apoA-1 mimetics FX-5A intravenous
ETC-642 intravenous
apoA-1 induction RVX-208 oral
ABC-transporter upregulation
LXR agonists oral
MiR-33 subcutaneous

Selective PPAR modulators K-877 oral

LCAT enzyme replacement ACP-501 Intravenous

Phase lla (completed)
Phase Il

Phase |

Phase |

Discontinued

Phase lIb

Preclinical
Preclinical

Phase |l

Phase | (completed)

CETP-inhibitors Anaecetraptb——eoral———— Phase HH
Eroootonle—opal———— hees [

TA-8995 oral

Phase Il




Imaging Results of MVWA and TBRmax Assessed by MRI and FDG-
PET/CT Scan of Carotid Arteries After CER-001 Infusion for Patients
with Familial Hypoalphalipoproteinemia

Ruud S. Kootte et al. J. Lipid Res. 2015;56:703-712



=>» No significant changes in total atheroma volume,
nominal change in percent atheroma volume by
IVUS and coronary artery score by QCA.
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Clinical Studies of Probucol

PQRST FA
PART CoA
MVP CoA
FAST CaA
PAB FA
SAKURA DN
POSITIVE FH

P vs Pla

P vs Con

Pvs MV

P vs Pra

vs Diet

P vs Con

P vs Con

P vs Con

Lumen volume n.s. Walldius 1994

Restenosis rate 23% vs 58% Yokoi 1997
( p<0.001)

Repeated PTCA 13% vs 26% Tardif 1997
( p<0.009)

CVevent 24%vs 4.8% vs 13.6% Sawayama 2002
P vs Diet( p<0.001)

Restenosis rate 23% vs 58% Gallino 2004
(p<0.001)

Interval to HD 27mo vs 11mo Endo 2006
(p<0.02)

CV event 27% vs 64% Yamashita 2008

(p<0.001)




Changes of Plague Volume: IVUS Measurement
- Synergetic Effect of Probucol and Statin -

Coronary
Plaque
volume

-5%

P A+P

-1.4%

-2.0%

-6.7%

A : Atorvastatin 10mg/d (6 months) N=23
P : Probucol 500mg/d (6 months) N=21
A+P : Atorvastatin+Probucol (6 months) N=21

Takayama T et al

: 2004



Secondary Prevention of CHD by Probucol in Patients
with Familial Hypercholesterolemia (POSITIVE Trial)

Group of non-probucol — Cumulative survival rate
treatment (N ) ¥ Censored cases

Group of probucol — Cumulative survival rate
treatment (P) ¥ Censored cases

Probucol-treates

P<0.001(2-sided)
by log rank test

Probucol=untreated
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Yamashita S, et al: J Atheroscler Thromb 15:292-303, 2008
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Hazard ratio of probucol use mortality

No-probucol (n=225) vs Probucol (n=225)

HR

(950/0 C|) P
All-case mortality 0.45 0.002

(0.27-0.75)

Kasai T et al: Atherosclerosis 220:463-469, 2012



SFET-3 (Al l-cause Death)

Probucol

P<0.001

Non-Probucol
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Kaplan-Meier Analysis of Primary Efficacy and Safety Outcomes in
Patients with Ischemic Stroke at High Risk of Cerebral Hemorrhage
- PICASSO Study -
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