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HDL-cholesterol and coronary disease — of .
an enigma ? \?B

1. HDL-cholesterol —the hypothesis

2. HDL-cholesterol in cardiovascular disease
- Clinical trials
- HDL function
- HDL-C and genetic studies

3. Implications for therapeutic strategies
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HDL-cholesterol and risk of coronary disease (\'?BF
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HDL: proposed anti-atherogenic effects ('?BF
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1. HDL-mediated promotion of macrophage
cholesterol efflux
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HDL: proposed anti-atherogenic effects ('?BF
\ DIOLOGIE

1. HDL-mediated promotion of macrophage
cholesterol efflux
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2. HDL-mediated endothelial
athero-protective effects

Endothelial anti- < Q Q > Promotion of
apoptotic effects @ endothelial repair

Endothelial NO Anti-inflammatory Anti-thrombotic
production effects effects
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Mechanisms of effects of HDL on C
endothelial cell nitric oxide (NO) production \?BF

Plasma

membrane
Yuhanna IS et al.; Nat Med 2001 Terasaka N et al.; J. Clin. Invest. 2008
Mineo e al.; J Biol Chem. 2003 Terasaka N et al.; Arterioscler Thromb Vasc Biol. 2010
Nofer et al.; J. Clin. Invest. 2004 Li D et al. Arterioscler Thromb Vasc Biol. 2010

( C H A R I T E UNIVERSITATSMEDIZIN BERLIN



HDL-cholesterol and coronary disease — (.
an enigma ? \?BF

1. HDL-cholesterol — the hypothesis

2. HDL-cholesterol in cardiovascular disease
- Clinical trials
- HDL function
- HDL-C and genetic studies

3. Implications for therapeutic strategies

CHARITE univer SITATSMEDIZIN BERLIN



CETP-Inhibition with Torcetrapib:
marked lipid changes

e

Change at 12 Months
Atorvastatin Torcetrapib plus
Only Atorvastatin P Value
Lipids (percent change) — 9%
Cholesterol
Tatal +2.2+14.5 +7.0£17.7 <0.001
High-density lipoprotein +1.8+14.0 +72.1+34.7 <0.001
Low-density lipoprotein +3.0+23.7 -24.9+28.5 <0.001
Triglycerides
Median +1 -9 <0.001
Interquartile range -18 to 25 -27 to 13

( CHARITE uNIVERSITATSMEDIZIN BERLIN

Barter et al., N Engl J Med 2007; 357: 2109-2122



CETP-Inhibition with Torcetrapib:
Increase of major cardiovascular events in patients
at high risk of coronary events

e

Time to First MCVE*: Kaplan-Meier Plot
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LDL-C reduction and (.
cardiovascular events \?BF

Proportional reduction in event rate (SE)
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The NEW ENGLAND JOURNAL of MEDICINE N Engl ] Med 2012;367:2089-99.

DOI: 10.1056/NEJMoal206797 c
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ORIGINAL ARTICLE

Effects of Dalcetrapib in Patients
with a Recent Acute Coronary Syndrome
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Year
No. at Risk
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Dalcetrapib 7938 7372 6495 1736

Incidence of the Primary Efficacy End Point.
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Effects of Extended-Release Niacin with Laropiprant
in High-Risk Patients

The HPS2-THRIVE Collaborative Group*
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Years of Follow-up
No. at Risk
Niacin-laropiprant 12,838 12,232 11,517 7672 4978
Placebo 12,835 12,247 11,523 7643 5036
Benefit per 1000 03 3+3 55 S5+7
participants
assigned to
niacin—laropiprant

( C H A R I T E UNIVERSITATSMEDIZIN BERLIN



HDL-cholesterol and coronary disease — c
an enigma ? \?BF

1. HDL-cholesterol — the hypothesis

2. HDL-cholesterol in cardiovascular disease
- Clinical trials
- HDL function and
HDL-C and genetic studies
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Vascular effects of HDL In
patients with coronary disease
as compared to
healthy subjects ?
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Endothelial effects of HDL - endothelial bioassays c?BF
¢
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Patients with acute coronary syndrome (n=25)
Patients with stable coronary disease (n=25)
Healthy control subjects (n=25)

Endothelial
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Role of HDL function versus HDL cholesterol levels ? c
Different effects of HDL from patients with CAD \zggm
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Role of HDL function versus HDL cholesterol levels ? c
Different effects of HDL from patients with CAD \?m%};m
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HDL function
(vascular effects)

Which changes of HDL are
mediating differences in
HDL s vascular effects ?
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Mechanisms leading to altered effects of HDL on r
endothelial nitric oxide availability in CAD \?BF
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Myeloperoxidase leads to oxidative inactivation of
paraoxonase-1 (PON-1) — analysis in coronary disease:(ﬂgmn;m

A functional ternary complex of MPO-PON-1-HDL
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PON-1 partially
inhibits MPO activity

MPO inactivates PON-1
- oxidizes PON-1 on
Tyrosin-71
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HDL from patients with chronic kidney disease (CKD) c
promotes endothelial inflammatory activation: \?BF
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Speer T,* Rohrer L* et al. Immunity 2013; 38(4):754-68.
Shroff R et al.; J Am Soc Nephrol. 2014 Nov;25(11):2658-68.
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Dysfunctional HDL Takes Its Toll
in Chronic Kidney Disease

Kathryn J. Moore'™ and Edward A. Fisher?
TMarc and Ruti Bell Vascular Biology and Disease Program, Leon H. Charney Division of Cardiology, Department of Medicine,
New York University School of Medicine, New York, NY 10029, USA

*Correspondence: kathryn.moore@nyumc.org
http://dx.doi.org/10.1016/].immuni.2013.03.006
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. Figure 1. Elevated SDMA in Chronic Kidney Disease
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The complexity of the HDL-lipoprotein c?B
F
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Triglycerids
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Changes in composition and modification of both, lipids and proteins of HDL

in cardiovascular disease results in altered HDL ,function®



HDL proteome alterations in patients with C.
coronary disease \?B

Alpha-2-macroglobulin OS=Homo sapiens...
Serum amyloid A-4 protein OS=Homo sapiens GN=SAA4

Apolipoprotein L1 05=Homo sapiens.. Reduced in Increased in
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i . GTP-binding protein SAR1a OS=Homo sapiens GN=SAR1A
DPI of Desmoplakin OS=Homo sapiens...
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Cathelicidin antimicrobial peptide. .. s Haptoglobin-related protein OS=Homo sapiens GN=HPR

Apolipoprotein D 0S=Homo sapiens...| HLA class | histocompatibility antigen, A-24 alpha chain...

Prenylcysteine oxidase 1 0S=Homo... Complement component C9 OS=Homo sapiens GN=C9
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Angiotensinogen OS=Homo Alpha-1-antichymotryp
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7 Serum amyloid A protein OS=Homo sapiens GN=SAA1

Sonic hedgehog protein OS=Homo sapiens...
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Aminopeptidase N OS=Homo sapiens...
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Pulmonary surfactant-associated protein B OS=Homo...
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Potential mechanisms leading to altered effects
of HDL on endothelial apoptosis in CAD

e

Remodeling of HDL
proteome in CAD
= bes|

I Phosphotidylserine
exposure and

Annexin-V binding

Endothelial apoptosis

( CHARITE uNIVERSITATSMEDIZIN BERLIN

Riwanto M et al. & Circulation 2013; 127(8):891-904



The NEW ENGLAND JOUERENAL of MEDICINE

ORIGINAL ARTICLE

Loss-of-Function Mutations in APOC3,
Triglycerides, and Coronary Disease

The TG and HDL Working Group of the Exome Sequencing Project,
MNational Heart, Lung, and Blood Institute*

« Exome sequencing in 3734 persons: identification of several rare coding-sequence
variants of APOC3.

. Carriers of an APOC3 mutation had
« Triglyceride levels that were 39% lower
« HDL cholesterol levels that were 22% higher
* LDL cholesterol levels that were 16% lower
« Circulating APOCS3 levels that were 46% lower

» Risk of coronary heart disease reduced by 40%

N Engl J Med. 2014 Jul 3;371(1):22-31.
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Role of APOC3 in lipid metanbolism

A Normal sources and metabolism of triglycerides
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APOC3 regulates TG metabolism
by inhibiting an LPL-dependent
pathway and one or more
LPL-independent pathways.
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the LPL-independent pathway
and thereby lowers TG levels.
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JOURNAL o MEDICINE
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Association of baseline HDL cholesterol levels and risk of

cardiovascular events in patients with a recent acute coronary c}BF
syndrome on statin therapy ? \@Fromoroer

The NEW ENGLAND JOURNAL of MEDICINE N Eng|J Med 2012:;367:2089-99.

DOI: 10.1056/NEJMoal206797

ORIGINAL ARTICLE ’

Effects of Dalcetrapib in Patients
with a Recent Acute Coronary Syndrome

+ Dalcetrapib + Placebo
A
5.0+ There was no significant
G 45 association in either
£ 40 group between the baseline
[+ 4
: .| 1 HDL cholesterol level
g 35 » “ » ;
2 (i.e., the level measured at
< randomization) and
2 251 . . .
g the risk of the primary end point
2.0
0.0 T T T T T
30 36 41 47 58
HDL Cholesterol (mg/dl) at Baseline, According to Quintile

, N Engl J Med 2012, 367(22):2089-99
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HDI Cholesterol Efflux Capacity
and Incident Cardiovascular Events

Models

HDL cholesterol
Unadjusted analysis
Analysis adjusted
For traditional risk factors

For traditional risk factors and
HDL particle concentration

Cholesterol effiux capacity
Unadjusted analysis
Analysis adjusted

For traditional risk factors

For traditional risk factors and
HDL cholesteral

For traditional risk factors and
HDL particle concentration

For traditional risk factors, HDL

cholesterol, and HDL particle
concentration

Total No. of Participants
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1322416

No. of Partici pants with Event/

Hazard Ratio (95% CI)

|
1
1
—— 0.64 (0.40-1.03)
|
1
1
—a—t— 0.80 (0.47-1.37)
—t—— 1.08 {0.52-1.99)
:
|
I
—— 0.44 (0.27-0.73)
i
—— : 0.30 (0.18-0.50)
—— ! 0.31 (0.18-0.52)
1
1
—— 0.34 (0.20-0.56)
1
1
—— ! 0.33 (0.12-0.55)
|
1
I T |||||||: T T T T T17T1T]
0.1 1.0 10.0

Figure 1. Atherosclerotic Cardiovascular Disease Events, According to Models Based on High-Density Lipoprotein
{(HDL) Cholesterol Level and Cholesterol Efflux Capacity.
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Plasma HDL cholesterol and risk of myocardial
Infarction: a mendelian randomisation study

F
\ DIOLOGIE

MNumber of individuals OR (95% CI)
Cases Controls
AngioGOCARD/KORA 1953 1482 —.— 0-76 (0-46-1.24)
IFS 577 719 - [~ 1.25 (0-51-3.08)
deCODE 729 29218 — 0-97 (0-60-1.58)
EPIC-NL 334 1827 — = 0-64 (0-27-1.53)
GerIFS|| 1127 1874 - 136 (0.82-2.24)
GRACE 683 656 = 2.48 (1.10-5.56)
MAHA 785 615 S 1.08 [0-68-1.72)
PennCATH 485 489 - 0.82 (0:37-1.83)
ucP 830 1139 — = 0-87 (0-44-1.72)
POPGENM 2433 1687 —— 069 (0-42-1.14)
PROCARDIS 2183 3347 i 0-66 (0-45-0-98)
PROMIS 1854 1897 - 1.27 (0-74-2-16)
SHEEP 1151 1496 4= 135 (0-85-2.14)
WTCCC 1561 2426 "+ 0.74 (0-49-112)
All case-control studies 16685 48872 & 0-94 (0-82-1.09)
ARIC 558 8214 — - 0.80 (0-45-1-40])
CCHS 655 8964 = 133 (0:73-2-43)
DCH 933 1588 — - 112 (0.66-1.90)
FHS ) 1462 > 2.35 (0-60-8-00)
HPFS 426 869 > 1.97 (0-86-4.51)
MDC 1606 25438 1.01 (0-74-138)
All cohort studies 4228 46535 1-10 (0-89-1-37)
Overall 20913 a5407 0-99 (0-88-1-11)

I I [ T
0 05 1.5 2 2.5

=

‘Iqure 2: Assoclation of LIPG Asn3965er with myocardial infarction in 116320 participants from 20 studies
n each study, the HDL-cholesterol-raising serine allele was modelled.

@HARITE UNIVERSITATSMEDIZIN BERLIN Lancet_ 2012 Aug 11; 380(9841). 572—580



HDL-C — association with myocardial
Infarction in genetic studies ?

I 1

Chromosome Gene(s) of interest within Major Modelled Effect of Effect of Effect of Sample size For modelled For
or near associated interval allele, allele modelled  modelled modelled (Ml cases/ allele, observed modelled
minor allele allele on allele on allele on Ml-free change in M| allele,
(minor plasma plasma plasma controls) risk (%; 95%Cl) pvalue for
allele HDL triglycerides LDL association
frequency)* cholesterol (mmol/L)*  cholesterol with MI
(mmol/L)* (mmol/L)*
1517482753 8p21 LPLY GT(10) T 0.08 -0-24 19139/50812 -12%(-16to-7) 4x107%
517321515 8q24 TRIB1t A G(045) G 0.02 -011 -0-05 19139/50 812 -7% (-9to-4) 2x10°f
rs6589566 11923 APOA1-APOC3-APOA4-APOASt A,G(0-07) A 0.05 -027 -0.09 18310/49897 -10% (-15to-5) 8x107t
rs4840014 1q42 GALNT 2 A,G(0-40) A 0-02 -0-03 19139/50812 3% (-6to-1) 0-021
152967605 19p13 ANGPTL4+ CT(016) C 0.05 -0.07 13505/16423 —5% (-10to-1) 0.03t
rs3764261 16q13 CETPt CA(032) A 010 -0-03 16503/46576 -4%(-7to0)  0-047
1561755018 18q21 LIPG A,G(0.015) G 0-14% 17165/49077 -6%(-18to9) 041
(Asn396Ser)
rs17145738 7q11 MLXIPL CT(011) T 0.03 -015 19139/50812  -1%(-4to3) 061
rs3890182 9g31 ABCA1 GA(014) G 0.03 0-05 19139/50812 -1%(-5to4) 076
rs2338104 12q24 MMAB, MVK G,C(046) G 003 19139/50 812 0%(-3to3) 0-85
rs471364 9p22 TTC398 TCo12) T 0-03 15693/47098  0%(-5to5) 097
rs2271293 16q22 LCAT GA(011) A 003 19139/50812 4%(-1to8) 010
15174547 11q12 FADS1-FADS2-FADS3 TC(O33) T 0.03 -0.06 19139/50812 3% (-1to6) 011
rs1800588 15q22 upC CT(022) T 0-05 007 17917/49514 4% (0to7) 0-04
1516988929 20q13 HNF4A CT(oo1) T 0-01 17041/20137  31%(12to54) 9x10™

*Data presented from a meta-analysis of seven cohorts (n up to 19 840) as presented in reference 16; the effect of each SNP on a lipid trait was modelled if the association of the SNP with a plasma lipid trait
exceeded nominal significance (p<0-05). fLod and SNPs that exceeded nominal significance (p<0-05) for association of modelled allele with MI; all modelled alleles increased HDL cholesterol. Effect size
presented is from the Atherosclerosis Risk in Communities Study.

Table 2: Association of myocardial infarction (MI) with single nucleotide polymorphisms (SNPs) previously found to relate to plasma HDL cholesterol

Voight BF et al Lancet 2012; 380

( CHARITE uNIVERSITATSMEDIZIN BERLIN
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HDL-cholesterol ¢
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2. HDL-cholesterol in cardiovascular disease
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Lipid-targeted Therapies —What should be added c
to statins in patients with high vascular risk ~ \?B

/ \
Further TGRID

LDL-C § Combined HDL t
LDL-C ‘

. - ApoClll
PCSKO9 inhibition HDL-C t AEOAS
(Monoclonal Ab*) LPL
ApoB-100 Antisense « CETP inhibition
oligonucleotides (Evacetrapib*, Anacetrapib*)

*Clinical outcome trials ongoing

( CHARITE UNIVERSITATSMEDIZIN BERLIN MODIFIED FROM Landmesser U. Eur Heart J 2013




Exome Sequencing Project coordinated by the c
National Heart, Blood and Lung Institute \

LETTER

F

doi:10.1038/naturel3917

Exome sequencing identifies rare LDIL.R and APOAS5
alleles conferring risk for myocardial infarction

A list of authors and their affiliations appears at the end of the paper

LISCovery exoime sequencing

946
older MI-free
controls

1,027
early-onset Ml
cases

Age
Follow-up
Hypothesis: Hypothesis:
Low-frequency variants cause MI Burden of rare variants causes M
Imputation Genotyping Re-sequencing | Exome sequencing
S—5 Exome
—©5 sequence ceces A Eep
and GWAS
S| naplotypes | |seeee — 1 mmmm | /D Ave
a8 e
GWAS A Ottawa
aee e
naplotypes tenee ! ‘ PROCARDIS
APOAS
Statistically imputed Genotyping In sequenced In 4,703 cases and
398.270 varlants in 15,936 individuals a total of 13,432 5,080 control exomes

At apolipoprotein A-V (APOADS),
carriers of rare non-synonymous
mutations were at 2.2-fold
increased risk for M.

Recent evidence has connected Ml
risk with coding-sequence mutations
at two genes functionally related
to APOAS, namely lipoprotein
lipase and apolipoprotein C-Ill.

( C H A R I T E UNIVERSITATSMEDIZIN BERLIN

Nature. 2015 Feb 5:518(7537):102-6.
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Lipid-targeted Therapies — genetic association with c
CAD and clinical outcome studies \?BF

Liver I Genetic association with CAD

ISIS-ApoC3xy B Reduction of CV events
tatins No reduction of CV events
Mevﬁ;\alonate-r‘/-> Cholesterol. _ ApoAS5 -

ApoCS-» Il Therapy and/or effect on

VLDL TGRL remnant CV events evaluated
- removal

Evolocumab
Alirocumab
Bococizumab

CM
ApoOAS

AgoC3
\ i
1

NPC1L1

Dalcetrapib
Torcetranib
Anacetrapib
Evacetrapib

&

Intestine Atherosclerotic plaque

( CHARI TE UNIVERSITATSMEDIZIN BERLIN Hewing, Landmesser U. In press



Summary and conclusion (:?BF

1.The HDL-cholesterol hypothesis was derived largely from
epidemiological studies in primary prevention and experimental
studies testing vascular effects of HDL from healthy subjects.

2.The relation between HDL-C and cardiovascular events is at least
attenuated in CAD. Vascular effects of HDL are heterogenous and are
altered in patients with coronary disease and diabetes (i.e. HDL
dysfunction).

3.HDL cholesterol is therefore not a reliable surrogate marker for
therapeutic interventions. Genetic studies suggest that TRLs are on
the causal pathway of CAD (LPL, ApoC3, ApoAb5)
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