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ATP-Citrate Lyase inhibition

Pinkosky SL, et al.   Nature Communications volume 7, Article number: 13457 (2016)



ACLY genetic score

ACLY genetics consisting of 63 rare variants within ACLY gene: -1.28 mg/dL lower LDL-C  (9.4x10-10)  

Ference BA, et al, 2019 in progress



ACLY genetic score mimicking ACL inhibition

Ference BA, et al, 2019 in progress

Genetic score or 

therapy

LDL-C apoB weight HbA1C Diabetes

Bempedoic Acid

ACLY genetic score 

Statins

HMGCR genetic score

100 Variant LDL exome score

Ference BA, et al, N Engl J Med. 2019 Mar 14;380(11):1033-1042. 



ACLY genetic score and risk of CHD

Ference BA, et al, N Engl J Med. 2019 Mar 14;380(11):1033-1042. 



Comparing ACLY, HMGCR & NPC1L1 inhibition on risk of CHD

Ference BA, et al, N Engl J Med. 2019 Mar 14;380(11):1033-1042. 



Effect of ACL by NPC1L1 inhibition Effect per 10 mg/dl lower LDL-C

Combined effect of ACL and NPC1L1 inhibition

• Up to 651,356 participants and 91,203 cardiovascular events

Ference BA, et al. 2017



Mechanism of action of short interfering RNA (siRNA) 

and of antisense oligonucleotides (ASOs)

Norata GD, et al. Trends Pharmacol Sciences 2013
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Enhanced Stabilization Chemistry (ESC) GalNAc-siRNAs
SC-Administered Conjugate Platform for Targeted Delivery to Hepatocytes

Asialoglycoprotein
Receptor (ASGPR)
• Highly expressed in 

hepatocytes

• High capacity 
receptor

• Conserved across 
species

siRNA
• Metabolic stability

• Intrinsic potency

Ligand
• Trivalent GalNAc 

• High affinity and 
specificity

Target delivery to Hepatocytes

(GalNAc-chemistry)
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For equal particle concentration, Lp(a) has to be at 
least as atherothrombotic than LDL

Tsimikas JACC 2017;69:692-711 14



Emerging Risk Factors Collaboration.  JAMA. 2009; 302:412-23. Emerging Risk Factors Collaboration.  JAMA. 2009;302:1993-2000

Lp(a) OR per 1-ln(SD): 1.16 LDL-C OR per 1-SD (33 mg/dl): 1.39 

Observational evidence Lp(a) is a weak risk factor for CVD



Emerging Risk Factors Collaboration.  JAMA. 2009; 302:412-23. Emerging Risk Factors Collaboration.  JAMA. 2009;302:1993-2000

Lp(a) OR per 1-ln(SD): 1.16 LDL-C OR per 1-SD (33 mg/dl): 1.39 

Effect of Lp(a) compared to effect of LDL-C on risk of CVD

Ln-SD = 1.1    e1.1 = 3-fold increase  

Tripling in Lp(a)
16% increased risk

Mean population LDL-c 3.5 mmol/L

Tripling  in LDL-c
386% increased risk



Clarke R, et al.  N Engl J Med 2009;361:2518-28Kamstrup PR, et al.  JAMA. 2009;301(22):2331-2339 

Mendelian randomization: causal effect of Lp(a)?



Causal effect of Lp(a) on CHD compared to effect of LDL

OR:  0.942; 95% CI, 0.933–0.951; p=3×10-37 OR:  0.511; 0.417–0.602; p=2×10-12

Per 10 mg/dL lower Lp(a) Per mmol/L (38.67 mg/dL) lower LDL-C

Burgess SB, Ference BA, et al.  2018; JAMA Cardiology doi: 10.1001/jamacardio.2018.1470
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Absolute magnitude of lower LDL-C (mg/dL)
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PCSK9 46L 

rs11591147

LDLR rs6511720

NPC1L1 LDL-C score
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LDLR 

rs2228671

Genetically lower LDL-C

Combined

NPC1L1 & HMGCR LDL-C score

HMGCR LDL-C score

NPC1L1 LDL-C score
NPC1L1 

rs217386

PCSK9 rs2479409

PCSK9
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0

ABCG5/8 

rs4299376

HMGCR rs12916

54.5% reduction in 

CHD risk per 1mmol/L 

lower LDL-C



Changes in Lp(a) and LDL-C with equivalent effects on CVD

• Informs the optimal design of RCTs for potent Lp(a) lowering agents 

38.7 mg/dl lifetime lower LDL-C

50% reduction in lifetime risk of CHD

80.4 - 101.5 mg/dl lifetime lower Lp(a)

Burgess SB, Ference BA, et al.  2018; JAMA Cardiology doi: 10.1001/jamacardio.2018.1470



Who is likely to benefit from Lp(a) lowering therapies?

Percentile                            50th 80th                                     90th 95th

Lp(a) (nmol/L)                    20.1 80.9 131.2             158.3

• n = 480,000; European descent

• n = 375,000 Lp(a) measured in 

• Range 0 - 190 nmol/L

Almost certainly will NOT benefit

May benefit



ISIS-APO(a)Rx
Mechanism of Action in Reducing Plasma Lp(a)

Tsimikas et al, Lancet 2015 

ISIS-APO(a)Rx Phase I Trial 
Mean percent change in Lp(a) over time by treatment 
group in the multiple-dose cohort 



Effect of APO(a)-LRx on Lipoprotein(a) Level

S. Tsimikas et al. N Engl J Med. 2020;382:244-55



Koren M.J. e-Poster AHA 2020



Lp(a) Percent Change from Baseline After a 

Single Dose of Placebo or Olpasiran

Koren M.J. e-Poster AHA 2020



Baseline Characteristics

Koren M.J. e-Poster AHA 2020



Mean (SD) Serum Olpasiran Concentration-Time Profiles Following 

A Single SC Administration of 3, 9, 30, 75, or 225 mg 

Koren M.J. e-Poster AHA 2020
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Triglycerides and risk of CHD

Emerging Risk Factors Collaboration. JAMA. 2009;302(18):1993-2000. 

Observational epidemiology Mendelian Randomization

Varbo A, etal.   JACC 2013;61:427–36.   



Directly comparing effect of lowering 
triglycerides and LDL-C on CHD

• Triglyceride-rich VLDL and their remnants particles, and LDL particles each have one apoB100

• Therefore, the effect of lowering triglycerides on the risk of cardiovascular events can be 
directly compared with the effect of lowering LDL-C by comparing their effects per unit 
change in apoB

Ference BA, et al.  JAMA 2019;321(4):1-11 



Lowering triglycerides: genetically validated LPL pathway targets
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Apolipoprotein C-III

Gaudet, N Engl J Med 2014

- Inhibits LPL

- Inhibits hepatic lipase

- Inhibits hepatic remnant uptake



• Plasma compartment:
– Increased LPL activity

– Increased VLDL-conversion

– Increased (partially LDLr-independent) LDL 
clearance

• Hepatic
– Increased remnant clearance

– Increased LDL clearance 

– Decreased VLDL production
( less FFA flux)

– Increased HDL clearance (EL)

• Fat tissue:
– Increased insulin sensitivity

– Decreased lipolysis

• Intestines
– Reduced chylomicron formation

ANGPTL3-i lowers all

lipoprotein fractions



Ference BA, et al.  JAMA 2019;321(4):1-11 

Per 10 mg/dl lower apoB

Effect variant associated with LDL, TG or both on risk of CHD



Multivariable Mendelian randomization

Ference BA, et al. JAMA. 2019;321(4):1-11. doi:10.1001/jama.2018.20045



Meta-Analysis of Various Lipid lowering 
Therapies per unit lower apoB

Galimberti F, Ference BA, et al. in progress

• N = 25 trials (6 classes of lipid lowering therapy)

• N = 285,241 participants (mean age: 63.3 years; 

female sex: 24.7%) 

• N = 40,244 first major cardiovascular events 

• mean baseline LDL-C level = 100.7 mg/dL mean 

baseline apoB level = 93.9 mg/dL

• mean absolute Δ apoB between the treatment 

and comparison groups at one year was 24.1 

mg/dL.

• overall RR per 30 mg/dL reduction in apoB

HR: 0.79 (95% CI 0.77-0.81) for major CV events 



apoB causal factor NOT 
triglycerides

How much to we have to lower triglycerides to reduce risk?

Ference BA, et al.  JAMA 2019;321(4):1-11 

Amount triglycerides must be lowered to 
reduce apoB by same amount as 1 mmol/L 

lower LDL



Problems to evercome

Filtered through the kidney

Immunogenicty

Destruction by endonucleases

Uptake by liver

Anti sense oligonutides



RNAi is an intrinsic process for inhibiting mRNA

dsRNA 
dicer

Cleavage

Natural process of 
RNA interference

Synthetic siRNA

mRNA

mRNA
degradation

Strand separation

Complementary pairing

Cleavage

Targeted gene
silencing

RISC



Asialoglycoprotein receptor (ASGPR)

• Highly expressed in hepatocytes only

• High rate of uptake

Inclisiran

• siRNA conjugated to N-acetylgalactosamine

• Subcutaneous administration

• Targeted delivery to hepatocytes

GalNAc-siRNA conjugates facilitate rapid hepatic uptake

GalNAc3

ASGPR

(pH>5)

GalNAc-siRNA inclisiran conjugate

Clathrin-coated pit

Recycling 
ASGPR

Endosome

Hepatocyte
cytoplasm

Clathrin-coated 
vesicle



Emerging ANGPTL3 Blockade Therapies

 ANGPTL3 inhibitors currently in  development: 

 Evinacumab (ANGPTL3 mab)             (phase 2-3)

 IONIS-ANGPTL3-Lx (Galnac ASO)     (phase 2-3)

 ARO-ANG3 (iRNA)                              (phase 1)

 Pre-clinical studies

 Naturally ANGPTL3 deficient KK/san mouse model

 ANGPTL3 -/- mouse model

 Mice of different genetic backgrounds exposed to either evinacumab, Ionis 
ANGPTL3-Lx or ARO-ANG3:

LDLR -/-

ApoE -/-

LRP -/-

Sdn1 -/-

 apoC3 -/-, apoC3 +/- or -/- and LDLR -/-

Mttp -/- apoC3 -/

 Healthy adults (phase 1)
See Graham MJ et al N Engl J Med, 2017;  Wang Y. et al, JLR, 2016





European Heart Journal (2020) 00, 1–10



Volanesorsen in FCS: Lessons from Phase 2 Study

43

Gaudet D et al. N Engl J Med 2014;371:2200-2206



Effect of ANGPTL3 Blockade with Evinacumab (ANGPTL3 mab) 
in HoFH: Phase 2 Study Design

Current LLT was maintained from at least 4 weeks before screening, and through 

the 26-week treatment and observation period



Banerjee P, et al 2019

LDLR 

expression 

LDL 

binding

The Effect of Evinacumab in HoFH was not  LDLR Dependent



A number of new pharmacological approaches are currently 
available including

• Monoclonal antibodies
• Oral small molecules 
• si-RNA
• Antisense Oligonuclotides
• Vaccination

• Preliminary trials are ongoing demostrating safety and efficacy

• These new agents may provide additional benefit to patients 
not able to reach their lipid goals

SUMMARY



Apolipoprotein C-III 
Key Regulator of Serum Triglyceride Levels

ApoC-III in a complex with an SDS micelle

as derived by NMR

 ApoC-III is a 79 amino acid glycoprotein 

synthesized principally in the liver

 Associated with apoB-containing lipoproteins 

and HDL

 Plays a key role in determining serum 

triglyceride levels

 Genetically validated target as a causal 

mediator of CVD-

 Ashkenazi Jews, Lancaster Amish, Exome

Sequencing Project, Copenhagen City 

cohorts

 ApoC-III and triglycerides are independent risk 

factors for cardiovascular disease

47



Da: Gaudet, Brisson, Targeting APOC3 in the Familial Chylomicronemia Syndrome, N Eng J Med 2014

Rationale for APOC-III silencing



Lowering TG through Apo C III inhibition antisense oligo or ANGPTL3 antisense
Gaudet D NEJM 2015 Volaneresen Graham MJ NEJM 2017



Volanesorsen in FCS: Lessons from Phase 2 Study
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Gaudet D et al. N Engl J Med 2014;371:2200-2206



Lentiviral-induced
transduction of the 

target gene
(LDL receptor)

Injection

CAR-T therapy
for LDL receptor gene editing
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Inclusion of the 
modified gene 

construct

LPL gene therapy
(Alipogene Triparvovec)

LPL reconstitution
In vessels

target mechanism compound

PCSK9 DNA CRISPR-Cas9 based
«BE-pcsk9 w159»

RNA Inclisiran

Protein mAb: Alirocumab, 
Evolocumab

Apo(a) RNA RNA interfering
AMG 890

RNA ASOs:  IONIS-APO(a)Rx; 
AKCEA-APO(a)-LRx

ApoCIII RNA RNAI interfering
ISIS 304801

RNA ASO Volanesorsen

ANGPTL3 DNA CRISPR-Cas9 based
«BE-Angplt3 Gln135»

RNA ASO IONIS-ANGPTL3-
LRx

Protein mAb: Evinacumab

ANGPLT4 Protein mAb: 14D12

LDLR DNA CRISPR-Cas9 LDLR

DNA (AAV8G) vaccination

Figure 1


