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Development of Atherosclerotic Plaques

Normal

Fatty streak

Lipid-rich plaque

Foam cells

Lipid core

Fibrous cap

Thrombus



Cerebral
Ischemic stroke

Transient ischemic attack 

Cardiac
Myocardial infarction 

Angina pectoris (stable, unstable)

Clinical Manifestations of Atherothrombosis

Angina pectoris (stable, unstable)

Peripheral Arterial Disease
Critical limb ischemia, claudication



Risk Factors for CHD

• Modifiable

– Dyslipidemia

 Raised LDL

 Low HDL

 Raised TGs

• Nonmodifiable

– Age 

– Sex

– Family history of premature 
CHDRaised TGs

– Smoking 

– Hypertension

– Diabetes mellitus and IGT-
MetSyn

– Obesity

– Dietary factors

– Thrombogenic factors

– Sedentary lifestyle

– Psychosocial factors Wood D, et al. Atherosclerosis. 1998;140:199-270.

– Personal history of 
atherosclerosis

– Ethnic origin



ΜΕΤΑΒΟΛΙΣΜΟΣ ΤΩΝ 
ΛΙΠΟΠΡΩΤΕΪΝΩΝΛΙΠΟΠΡΩΤΕΪΝΩΝ





ApoE











ΠΡΟΣΔΙΟΡΙΣΜΟΣ 

ΛΙΠΙΔΑΙΜΙΚΩΝ ΠΑΡΑΜΕΤΡΩΝ

T CHOL, HDL CHOL, TRG μετά νηστεία 12-14h

T CHOL = LDL CHOL + HDL CHOL + VLDL CHOLT CHOL = LDL CHOL + HDL CHOL + VLDL CHOL

VLDL CHOL = TRG/5

LDL CHOL = T CHOL - HDL CHOL - TRG/5

όταν TRG <400 mg/dL



ATHEROGENIC LIPOPROTEINSATHEROGENIC LIPOPROTEINS

VLDLVLDL
densitydensity

LDLLDL
VLDL/VLDL/

ChylomicronsChylomicrons Remnant lipoproteinsRemnant lipoproteins

IDLIDL
densitydensity

LDLLDL
densitydensity



LOW-DENSITY LIPOPROTEINS (LDL) & 
LDL ΧΟΛΗΣΤΕΡΟΛΗLDL ΧΟΛΗΣΤΕΡΟΛΗ





LDL: A Cholesterol Carrier

Goldstein JL, Brown MS. Cell. 2015



 LDL-CHOL  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΕΠΙΔΗΜΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



Epidemiologic Data Demonstrated a Strong Causal 
Link Between Elevated TC and CHD
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Trial (MRFIT) N=361,662 

Multiple Risk Factor Intervention Multiple Risk Factor Intervention 
Trial (MRFIT) N=361,662 Trial (MRFIT) N=361,662 

Framingham Heart Study 
(FHS) N=5209

Framingham Heart Study Framingham Heart Study 
(FHS) N=5209(FHS) N=5209

TC=total cholesterol; CHD=coronary heart disease.
Martin MJ et al. Lancet. 1986;2:933-936; Castelli WP. Am J Med. 1984;76:4-12.
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Increased Relative Risk of CHD 
Associated With Increasing LDL Levels

ARIC Study
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Primitives





ΓΕΝΕΤΙΚΗ (MENDELIAN) 
ΕΠΙΔΗΜΙΟΛΟΓΙΑ-Ι

 Πρέπει να γνωρίζω ένα ή περισσότερα 
γονίδια που να επηρεάζουν τον παράγοντα 
που θέλω να μελετήσω και αυτά τα γονίδια 
γονίδια που να επηρεάζουν τον παράγοντα 
που θέλω να μελετήσω και αυτά τα γονίδια 
να έχουν μεταλλάξεις ή πολυμορφισμούς 

που να επηρεάζουν τα επίπεδα του ΜΟΝΟ 
αυτού του παράγοντα



ΓΕΝΕΤΙΚΗ (MENDELIAN) 
ΕΠΙΔΗΜΙΟΛΟΓΙΑ-ΙΙ

 Κατά τη μείωση παρατηρείται τυχαία και 
ανεξάρτητη κατανομή των γονιδίων (2ος

νόμος γενετικής του Mendel)
ανεξάρτητη κατανομή των γονιδίων (2

νόμος γενετικής του Mendel)

 Η επίδραση ξεκινά από την αρχή της ζωής



ΓΕΝΕΤΙΚΗ (MENDELIAN) 
ΕΠΙΔΗΜΙΟΛΟΓΙΑ-ΙΙΙ

 Πρέπει να έχω μεγάλες πληθυσμιακές 
μελέτες και να μπορώ να κάνω σε μεγάλη μελέτες και να μπορώ να κάνω σε μεγάλη 

κλίμακα γενετικές αναλύσεις 



Randomized trial vs. Mendelian randomization

Randomization methods Random distribution of alleles

Placebo    Drug: (lipo)protein 
levels  or 

Cardiovascular disease  or 

Confounders   evenly 
distributed

Confounders evenly 
distributed

Cardiovascular disease  or 

Normal 
allele

Allele: (lipo)protein 
levels  or 

Reverse causation Nordestgaard & Tybjærg-Hansen Curr 
Opin Lipidol 2011;22:113-22





LDL Cholesterol and Coronary Heart Disease among 
Black Subjects by PCSK9142X or PCSK9679X Allele
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 LDL-CHOL  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΠΑΘΟΦΥΣΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



ApoB on the surface of LDL

++++

++++

++++

ApoB on LDL have positively charged sites that bind to 
negatively charged proteoglycans in tissue



From Bore´n J with permission



Atherogenesis: ”Response to retention hypothesis”



AdhesionAdhesion
MoleculeMolecule

MonocyteMonocyte

LDLLDL

LDLLDLMCPMCP--11

ROLE OF LDL IN CAUSING ATHEROSCLEROSISROLE OF LDL IN CAUSING ATHEROSCLEROSIS

MacrophageMacrophage

CytokinesCytokines

Foam CellFoam Cell

Oxidised LDLOxidised LDL



Vascular endothelium modification
in atherosclerosis



Lipid core constitution
Activated macrophages accumulate lipids



Lipid core constitution
LDL oxidation



Plaque formation
1 — Fatty streak



“Normal” LDL-C Levels in People with Diabetes Can Be Misleading...

Small, Dense LDL-C Particles Are More Atherogenic

Diabetes

LDL particles

No diabetes

LDL particles

Small, dense 
LDL with more 
apoB

apoB

LDL-C

“Normal” LDL-C level, however:
“Normal” LDL-C level Number of LDL particles

Concentration of apoB

Lower

CHD risk

Higher

Adapted from Austin MA, Edwards KL Curr Opin Lipidol 1996;7:167-171; Austin MA et al JAMA 1988;260:1917-1921; 

Sniderman AD et al Diabetes Care 2002;25:579-582.



 Increased levels of small dense LDL associated with 
CVD

Small dense LDL a component of the atherogenic  Small dense LDL a component of the atherogenic 
triad in diabetes and the metabolic syndrome

 Small dense LDL

 Low HDL

 High triglycerides



Atherogenicity of small dense LDL



 Prolonged half-life in plasma
 Better penetration into the intima
 Binding to proteoglycans due to exposure of binding sites 

on the particle surface
More easily modified by oxidation

++++

++++

on the particle surface
 More easily modified by oxidation





LUMEN

LDLLDL

The Role of Lp-PLA2 in CHD

Lp-PLA2

MEDIA

INTIMA



Adhesion 
Molecules

LUMEN The Role of Lp-PLA2 in CHD

Cytokines

LDLLDL

MEDIA

INTIMA

Lp-PLA2

Oxidized LDL
Lyso-PC

+
OxFA



Cytokines
Plaque 
formation

Monocytes

LUMEN

Oxidized LDL

Adhesion 
molecules

The role of LpThe role of Lp--PLAPLA22 in plaque formationin plaque formation

Foam cell

MEDIA

INTIMA

Oxidized LDL
LpLp--PLAPLA22

Lyso-PC
OxFA

MacrophageMacrophage





 LDL-CHOL  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΔΕΔΟΜΕΝΑ ΚΛΙΝΙΚΩΝ ΜΕΛΕΤΩΝ



Results
Relationship between achieved LDL‐C and change in PAV 

Progression

Regression
0,0

0,5

1,0

1,5

2,0

Change in 
Percent 

Atheroma 
Volume*

REVERSAL1

Pravastatin 40mg

REVERSAL1

Atorvastatin 80mg

ILLUSTRATE5

Atorvastatin + PlaceboASTEROID4

CAMELOT2 Placebo

STRADIVARIUS6 Placebo

A-PLUS3 Placebo

Summary of trials employing IVUS to measure changes in atheroma burden. A-PLUS, CAMELOT, ILLUSTRATE and STRADIVARIUS investigated non-statin therapies but included placebo 
arms who received background statin therapy (62%, 80%,  84%, 100% and 82% respectively). † In ILLUSTRATE atorvastatin was initiated at 10mg during the run-in period and dose titrated up 
to 80mg to a target LDL-C within 15mg/dL of 100mg/dL. The average dose was 23mg. Patients then remained on this dose during the study. LDL-C levels in CAMELOT are baseline and in A-
PLUS are calculated from change from baseline. *Median change in PAV from ASTEROID, REVERSAL & SATURN; LS mean change in PAV from A-PLUS, CAMELOT, ILLUSTRATE & 
STRADIVARIUS.           

1) Nissen S et al. JAMA 2004; 291: 1071–80; 2) Nissen S et al. JAMA 2004; 292: 2217–2225; 3) Tardif J et al. Circulation 2004; 110: 3372–77;        4) Nissen S et al. JAMA 2006; 295: 1556–1565; 5) Nissen S et al.
N Engl J Med 2007; 356: 1304–16; 6) Nissen S et al. JAMA 2008; 299: 1547-1560; 7) Nicholls SJ et al. New Eng J. Med. 2011: DOI: 10.1056/NEJMoa1110874

Regression

-1,5

-1,0

-0,5

40 50 60 70 80 90 100 110 120

Achieved LDL-C (mg/dL)

Atorvastatin + PlaceboASTEROID4

Rosuvastatin 40mg

SATURN7 Atorvastatin 80mg

SATURN7 Rosuvastatin 40mg



GLACOV STUDY GLACOV STUDY Primary Endpoint: Percent Atheroma VolumeGLACOV STUDY GLACOV STUDY Primary Endpoint: Percent Atheroma Volume

P < 0.0001

P = NS

LDL-C: 93.0  36.6 mg/dL

Statin
monotherapy

Statin-
evolocumab

P <0.0001





(>193  mg/dL)







X 3



LDL-CHOL: LOWER IS BETTER

++

EARLIER IS BETTER













ΠΛΟΥΣΙΕΣ ΣΕ ΤΡΙΓΛΥΚΕΡΙΔΙΑ 
ΛΙΠΟΠΡΩΤΕΪΝΕΣ-VERY LOW-

DENSITY LIPOPROTEINS (VLDL) & DENSITY LIPOPROTEINS (VLDL) & 
REMNANTS



 TGs  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΕΠΙΔΗΜΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



PROCAM Study
CHD risk according to LDL-C and TG

increased TG confers raised CHD risk at all levels of LDL-C



PROCAM Study
MI-Incidence according to LDL-cholesterol and triglycerides



Triglycerides and CVD Factor Recent Meta-
Analysis of 29 Studies

CHD Risk Ratio* (95% CI)
Duration of follow-up

≥10 years 5902

<10 years 4256

Sex
Male 7728

Female 1994

N = 262 525

Groups CHD Cases

Sarwar N, et al. Circulation. 2007;115:450-458. 

1.72 (1.56-1.90)

21

Female 1994

Fasting status
Fasting 7484

Nonfasting 2674

Adjusted for HDL
Yes 4469

No 5689

Overall CHD Risk Ratio*
Decreased 

Risk
Increased 

Risk

 TGs κατά 100 mg/dL  κινδύνου κατά 70%



CUMULATIVE HAZARDS OF ANY CVE BY ON-
TREATMENT TGs IN THE IDEAL AND TNT STUDIES

↑33%

*p <0.001

Am J Cardiol 2009;104:459-63



 Triglycerides is a strong risk factor.
 However never shown to be independent of other 

risk factors.
Is triglycerides  Is triglycerides 

causing disease?



Low HDL cholesterol – dyslipidaemia in 
type 2 diabetes and metabolic syndrome

• Low levels of HDL-C

• High levels of triglycerides 
(especially triglyceride-
rich VLDL)

Small, 
dense 
LDL

TG

rich VLDL)

• LDL-C normal or below 
average; increase in 
small, dense LDL 
particles 

HDL-C

American Diabetes Association, Diabetes Care 2006; 29 (Suppl 1): S4-S42.



 Mendelian randomisation, strongly suggest causal 
relation between TG-rich lipoprotein sand risk of 
CVD

Gene variants associated with TG-level associated with  Gene variants associated with TG-level associated with 
risk.



Odds ratio / causal risk ratio (95%CI)

Myocardial infarction
Triglyceride doubling in levels

Observational

Causal using genetics

0 1 2 3 4 5

N total N events

10,391 1,098

60,113 5,705

Risk estimate

1.6

1.9

From Jørgensen Eur Heart J  2013; 34: 1826-33

Apolipoprotein A5

Odds ratio / causal risk ratio (95%CI)

All-cause mortality
Triglyceride increase of 1 mmol/L

Observational

Causal using genetics

13,957 9,991

10,208 4,005

1.2

2.0

0 1 2 3 4 5

Nordestgaard & Varbo, Lancet 2014; 384: 626-635

From Thomsen Clin Chem 2014; 60: 737-46

Lipoprotein lipase (LPL)





Apo C3, TRG και καρδιαγγειακή νόσος: 
Complexities of Mendelian Randomization



 KATA 
16%

ΑΥΞΗΣΗ ΤΩΝ TRG ΚΑΙ ΚΑΡΔΙΑΓΓΕΙΑΚΗ ΝΟΣΟΣ (1)

Lancet 2010;375:1634-39



ΑΥΞΗΣΗ ΤΩΝ TRG ΚΑΙ ΚΑΡΔΙΑΓΓΕΙΑΚΗ ΝΟΣΟΣ (2)

Lancet 2010;375:1634-39



Apolipoprotein C-III 
Key Regulator of Serum Triglyceride Levels

 ApoC-III is a 79 amino acid glycoprotein

 Links to apoB-containing lipoproteins and 
HDL

 Potent inhibitor of LPL-catalyzed lipolysis of 
TG-rich lipoproteins

86

ApoC-III in a complex with an SDS micelle as derived by NMR

 Inhibits hepatic lipase which also plays an 
important role in the conversion of VLDL to 
IDL

 Inhibits receptor-mediated uptake of 
lipoprotein remnants by the liver

 Independent risk factor for cardiovascular 
disease



87







APOC3
Jørgensen et al
NEJM 2014

0
1

0
1

APOC3
TG and HDL 
Working Group
NEJM 2014

Ischemic vascular disease

N alleles N total N events Risk estimate

75,465 10,770

260 27 0.59

110,472 33,889

498 113 0.60

- 44%

- 39%

Triglycerides, mmol/L Hazard ratio (95% CI)

0.0 0.5 1.00 1 2

PCSK9
CGPS & CCHS

0

1

64,492 10,665

1,697 250 0.90- 12%

LDL cholesterol, mmol/L

Triglycerides, mmol/L Hazard ratio (95% CI)

Hazard ratio (95% CI)

0.0 0.5 1.00 1 2 3 4

Nordestgaard & Varbo, Lancet 2014; 384: 626-635





 TGs  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΠΑΘΟΦΥΣΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



Size and apolipoprotein composition are the main factors determining 
atherogenicity of triglyceride-rich particles



AdhesionAdhesion
MoleculeMolecule

MonocyteMonocyte

Vessel LumenVessel Lumen

EndotheliumEndothelium

RemnantRemnant

RemnantRemnantMCPMCP--11

INITIATION OF ATHEROSCLEROSIS INITIATION OF ATHEROSCLEROSIS 
BY REMNANTSBY REMNANTS

IntimaIntima

MacrophageMacrophage

CytokinesCytokines

Foam CellFoam Cell

Modified remnantModified remnant



 TGs  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΔΕΔΟΜΕΝΑ ΚΛΙΝΙΚΩΝ ΜΕΛΕΤΩΝ



HPS2-THRIVE: Randomized placebo-controlled trial of ER 
niacin and laropiprant in 25,673 patients with pre-

existing cardiovascular disease.

Jane Armitage on behalf of the

HPS2-THRIVE Collaborative GroupHPS2-THRIVE Collaborative Group

Financial  Disclosure: Grant to Oxford University. Designed, conducted 
and analysed independently of the grant source (Merck & Co). No 

honoraria or consultancy fees accepted. 



Effect of ERN/LRPT on MAJOR VASCULAR EVENTS 
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AIMAIM--HIGH TrialHIGH Trial

AAtherothrombosistherothrombosis

IInterventionntervention in in 
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Μελέτη JELIS

N=18.645

JELIS study: Lancet 2007;367



Effect of fibrates in subgroups
with (A) and without (B) dyslipidemia

A total of 2428 fibrate-treated subjects (302 events) and 2298 placebo-treated subjects (408 
events) with dyslipidemia were included in the analysis 

A Subgroups with Dyslipidemia

ACCORD

FIELD

BIP

HHS

B Complementary Subgroups

Study Odds Ratio (95% CI)

ACCORD

FIELD

BIP

HHS

LIPID CRITERIA FOR DYSLIPIDEMIA

Trial Triglycerides cut-off (mg/dL) HDL cholesterol cut-off (mg/dL)

FIELD ≥204 <40 in men; <50 in women

BIP ≥200 <35

Helsinki Heart Study >204 <42

VA-HIT >180 <40

TG 200 mg/dl: 2.26 mmol/L; HDL 40 mg/dl: 1.0 mmol/L

Sacks FM et al. N Engl J Med 2010

VA-HIT

Summary   0.65 (0.54-0.78)

0.16    0.25   0.40   0.63   1.00   1.58

-35%

VA-HIT

Summary   0.94 (0.84-1.05)

0.16    0.25   0.40   0.63    1.00   1.58

-6%



54% reduction in major CVD event per 1 mmol/L triglyceride reduction

All study participants
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Nordestgaard & Varbo, Lancet 2014; 384: 626-635



TGs: new approaches

1. Antisense to Apo CIII – phase I by Isis had reduction 
in CIII up to 78% and TG up to 44%

2. DGAT1 inhibition – efficacy for familial 
chylomicronemia syndrome and severe Tg elevations chylomicronemia syndrome and severe Tg elevations 

3. Lopitamide for chylomicronemia 

4. Gene therapy with LPL for familial chlyomicronemia 
syndrome – alipogene tiparvovec, uniQure, approved 
by EMA
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ISIS-APOCIIIRx Treatment Improved Overall Lipid Profile in 
Monotherapy Patients: 300 mg group
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DM/High
TG

Very High 
TG

Very High 
TG + 

Fibrate
FCS

ApoC-III -88% -80% -70% -81%

ApoC-III Anti-Sense Therapy

ApoC-III -88% -80% -70% -81%

TG -72% -71% -64% -69%

HDL-C +40% +46% +52% +78%

FCS: familial hyperchylomicronaemia syndrome











HIGH–DENSITY LIPOPROTEINS (HDL) & 
HDL ΧΟΛΗΣΤΕΡΟΛΗHDL ΧΟΛΗΣΤΕΡΟΛΗ





A1

HDL and Reverse Cholesterol Transport 
Overview
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ApoA-1 synthesis HDL2
LDL/VLDL

CETP

LIVER Exchange of TG and 
cholesterol

SRB-1

Pre-β HDL

ABCA1
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Lipid-pooor 
disc shaped apoAI
particles
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Accumulation of cholesterol and phospholipids in HDL

Cells/macrophages
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Cholesteryl Ester 
Transfer Protein (CETP)

VLDL 
or Chylomicron 

Remnant

ApoE

HDL

ApoB

Cholesteryl Ester

CETP

Triglyceride

ApoA-I





 The apolipoproteins AI, AII, CII, CIII, E, D etc
 Lipolytic enzymes and transport proteins

 CETP

 PLTP PLTP

 LCAT

 PON1
 Acute phase response proteins

 SAA

 apoJ



 HDL-C  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΕΠΙΔΗΜΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



HDL-C Levels in the Context of Global Risk Factors for CAD: PROCAM 



HDL-C, LDL-C, and Risk for CAD: Framingham Heart Study



HDL-C, TG, and Risk for CAD: PROCAM







LDL-C/HDL-C Ratio as Risk Indicator for Total and CAD Mortality: PROCAM
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Voight BF et al. Lancet 2012;380(9841):572–80
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 HDL-C  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΠΑΘΟΦΥΣΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ
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Potential Protective Effects of HDL-C Against Atherosclerosis





Cholesterol Efflux is an Independent 
Predictor of Cardiovascular Risk

Cholesterol Efflux is an Independent 
Predictor of Cardiovascular Risk

HDL cholesterol

Unadjusted analysis 0.64 (0.40-1.03)

Analysis adjusted

For traditional risk factors 0.80 (0.47–1.37)

For traditional risk factors and 
HDL particle concentration

1.08 (0.59–1.99)

Cholesterol efflux capacity

138

Cholesterol efflux capacity

Unadjusted analysis 0.44 (0.27–0.73)

Analysis adjusted

For traditional risk factors 0.30 (0.18–0.50)

For traditional risk factors and 
HDL cholesterol

0.31 (0.18–0.52)

For traditional risk factors and 
HDL particle concentration

0.34 (0.20–0.56)

For traditional risk factors, HDL 
cholesterol, and HDL particle concentration

0.33 (0.19–0.55)

Rohatgi et al. N Engl J Med. 2014;371(25):2383-93 



HDL: New Perspectives

QUANTITY

QUALITY

Particle structure

139

HDL-C / Apo AI Lipidome, Proteome

Functionality

Kontush A, Chapman MJ. Pharmacol Rev. 2006.



 Reversed cholesterol transport
 Antioxidant

 PON-1

 Haemoglobin Haemoglobin
 Antiinflammatory

 Reduce ICAM-1,VCAM-1

 Reduce LPS response
 Supress mobilisation of monocytes and neutrophils
 Enhance endothelial function, promote endothelial repair



HDL HDL

Navab M et al Arterioscler Thromb Vasc Biol. 2001;21:481-488

prooxidant ?
pro-inflammatory ? 

antioxidant
anti-inflammatory

HDL HDL

Functional Dysfunctional 



 Dysfunctional HDL

 Loss of vasoprotective function

 Loss of ability to stimulate cholesterol efflux

 Loss of ability to inhibit endothelial apoptosis

 Loss of ability to induce endothelial dependent 
vasodillatation

 HDL may be proinflammatory



ACS

From: Besler et al JCI 2011;121:2693



Biol.chem 2014, in press

Structural changes in HDL during acute phase response



 HDL-C  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΔΕΔΟΜΕΝΑ ΚΛΙΝΙΚΩΝ ΜΕΛΕΤΩΝ











 Do drug treatment elevate the correct fraction of 
HDL?

 How is the HDL proteom changed during treatment
How is the HDL lipidome changed during  How is the HDL lipidome changed during 
treatment?

 Is all HDL beneficial and functional ?
 Dysfunctional HDL



 Infusion of HDL or HDL analogs have shown 
regression of plaque in IVUS studies already after 5-
6 weeks (Nissen et al 2003 JAMA)

 A large number of HDL or apoA1 analogues are 
presently being developed for infusion to treat 
atherosclerosis





How fast can HDL remove cholesterol from plaque?







The Safety and Tolerability of CSL112, a Reconstituted, 
Infusible, Plasma-Derived Human ApoA-I, After Acute 

Myocardial Infarction: The poA-I vent reducin in schemic 
yndromes Trial (AEGIS-I)

C. Michael Gibson, MS, MD
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C. Michael Gibson, MS, MD
on behalf of the AEGIS-1 Investigators

Gibson et al. AHA 2016



miRNA: players in RCT?

microRNAs are naturally occurring 
~22 nt non-coding RNAs 

Regulate gene expression through 
hybridization to target messenger hybridization to target messenger 
RNAs

Highly conserved and 
evolutionarily selected to regulate 
pathways



De-Repression of ABCA1 by anti-miR-33 is
an Ideal Mechanism for Targeting 

Atherosclerosis



ΛΙΠΟΠΡΩΤΕΪΝΗ (a)ΛΙΠΟΠΡΩΤΕΪΝΗ (a)



Λιποπρωτεΐνη Lp(a)

Slide 160



LDL

Apo(a) with varying repeats 
of cringles

ApoB



3’5’
I II III IV V P

PLASMINOGEN cDNA

IV10IV 9IV 2 IV 3 IV 8IV 4 IV 5 IV 6 IV 7 IV 8IV 1 V

2 to 40 Kringle IV2 Repeats

After Lackner et al1993



 Lp(a)  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΕΠΙΔΗΜΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



 Lp(a)

ΑΝΕΞΑΡΤΗΤΟΣ ΠΑΡΑΓΟΝΤΑΣ 
ΚΙΝΔΥΝΟΥ ΓΙΑ ΤΗΝ ΕΜΦΑΝΙΣΗ 

ΚΑΡΔΙΑΓΓΕΙΑΚΗΣ ΝΟΣΟΥ

JAMA 2009;301:2331-2339



Emerging Risk Marker:
Lp (a)



Lp(a) as a cardiovascular risk factor: 
epidemiology
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Non-fatal MI and coronary death:
9318 cases

Tsimikas et al. JACC 2010
Nordestgaard BG, et al. Eur Heart J 2010;31:2844–53

Epidemiology argument : YES
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Genetic analysis has given the answer!!
Mendelian randomisation studies strongly suggest Mendelian randomisation studies strongly suggest 
that Lp(a) level is directly causing the increased risk.

Kamstrup et al JAMA 2009
Luke et al ATVB 2007
Helgadottir et al JACC 2012



Mendelian Randomization 

Clarke R et al. N Engl J Med 2009;361:2518–28 169
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 Lp(a)  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΠΑΘΟΦΥΣΙΟΛΟΓΙΚΑ ΔΕΔΟΜΕΝΑ



 Prothrombotic
 Increased lipid deposition Increased lipid deposition
 Proinflammatory



Proposed Pathogenic Mechanisms for Lp(a)

Spence and Koschinsky (2012) ATVB  32:1550-1551;  Koschinsky & Marcovina (2004) Curr. Opin. Lipidol. 15: 167-74



 Lp(a)  ΑΘΗΡΩΜΑΤΩΣΗΣ: 
ΚΛΙΝΙΚΑ ΔΕΔΟΜΕΝΑ



Lp(a) lowering 
therapies

Lp(a) lowering 
effect

Possible mechanism of Lp(a) 
lowering

Best level of evidence

ASO 144367 86% Inhibits synthesis of apo(a) Transgenic Lp(a) mouse models

PCSK9 Inhibitors 12–30% Unknown Modest (180 patients) phase 2 
multicenter randomized-controlled 

Emerging Lp(a) therapies

multicenter randomized-controlled 
trials

; CETP inhibitor 40% Unknown Large (1623 patients) phase 3 
randomized, placebo-controlled 
trials

Sobetirome; 
thyromimetic

20–40% Increased bile acid synthesis and 
upregulation of LDL receptor via 
hepatic thyroid receptor ß 
receptor

Small animal studies, phase 1 
human safety

Kolski B et al. Curr Opin Lipidology 2012;23(6): 560–568 175



○ No specific Lp(a) lowering agent....

○ Lp(a) antisense ?

Intervention?

Therapy argument: Not yet
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ODYSSEY LONG TERM: Significant Reductions in 
Secondary Lipid Parameters at Week 24

Apo BNon-HDL-C
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Alirocumab

All patients on background of maximally-tolerated statin ± other lipid-lowering therapy
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−52%
P<0.0001
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Adjusted mean (SE) shown for Lp(a).

LS mean difference 
versus placebo:

−54%
P<0.0001

−26%
P<0.0001









NON-HDL ΧΟΛΗΣΤΕΡΟΛΗ KAI APOBNON-HDL ΧΟΛΗΣΤΕΡΟΛΗ KAI APOB
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 ApoB is the major apolipoprotein of all atherogenic lipoproteins, including 
VLDL, IDL, LDL, Lp(a), and chylomicrons1,2

– Typically, ~90% of total plasma apoB is carried by LDL particles4

ApoB-Containing ApoA-1–Containing 

APOB vs APOAI

Adapted with permission from Walldius G et al.3

Apo = apolipoprotein; CHD = coronary heart disease; VLDL = very low-density lipoprotein; IDL = intermediate-density lipoprotein; Lp(a) = lipoprotein (a); 
TG = triglyceride; C = cholesterol.

1. NCEP ATP III Expert Panel. Circulation. 2002;106:3143–3421. 2. Rana JS et al. Curr Opin Cardiol. 2010;25:622–626. 3. Walldius G et al. J Intern Med. 2004;255:188–205. 4. Mudd JO et al. J Am Coll Cardiol. 
2007;50:1735–1741. 5. Chapman MJ et al. Eur Heart J Suppl. 2004;6(suppl A):A43–A48. 6. Barter P. In: Ballantyne CM. Clinical Lipidology: A Companion to Braunwald’s Heart Disease. Saunders, an imprint of 
Elsevier Inc; 2009:387–395.
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Adapted from,
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Hazard ratio over quintiles for non-HDL, apoB, apoAI, HDL.



LDL

ΛΙΠΟΠΡΩΤΕΪΝΕΣ ΚΑΙ CVD

ΠΛΟΥΣΙΕΣ ΣΕ 

ΤΡΙΓΛΥΚΕΡΙΔΙΑ 

ΛΙΠΟΠΡΩΤΕΪΝΕΣ & 

Lp(a)

HDL

Παράγοντας
ΝΑΙ παράγοντας

κινδύνου

ΝΑΙ θεραπεία ΝΑΙ παράγοντας

κινδύνου

Θεραπεία;
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