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ATP-Citrate Lyase inhibition

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



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. 



ACL genetic score and risk of
cardiovascular events

ACL inhibition comparative effectiveness

Genetic target validation of ACL inhibition

Ference BA, et al. 2017



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



Anticipated clinical effectiveness of ACL inhibition therapies

Ference BA, et al. 2017
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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 23



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



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)?



Nordestgaard BG, et al. Eur Heart J. 2010;31:2844-53

Median: 12.8 mg/dL

Beyond causality: estimating the clinical relevance of Lp(a)

Highly skewed distribution

65% reduction
Δ ≈ 65 mg/dl

65% reduction
Δ ≈ 6.5 mg/dl

Conner AE, et al.  JACC. 2016; 68:2761–72..

linear association with log-Lp(a)?
not biologically plausible
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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



Apolipoprotein C-III
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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



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



LDL-C and lipids/Lipoproteins at Week 4 (N = 9)

Variable Mean±SD

% change

Mean±SD or 

median (Q1, Q3) 

absolute change

LDL-C (mmol/L) –49 ± 23 –4.1 ± 2.3

Non-HDL cholesterol (mmol/L) –49 ± 22 –4.3 ± 2.4

Apolipoprotein A1 (g/L) –39 ± 9 –0.4± 0.2

Apolipoprotein B(g/L) –46 ± 18 –1.0 ± 0.6

Total cholesterol (mmol/L) –47 ± 19 –4.7 ± 2.3

Lipoprotein(a) (nmol/L) −19 (−27, 1) −27 (−29, 1)

HDL-cholesterol (mmol/L) −36 ± 16 −0.4± 0.3

Triglycerides (mmol/L) −47 (−57, −38) −0.3 (−0.2, −0.6)
Data given as mean ± SD or median (Q1, Q3)  

Adapted from Gaudet D et al. NEJM 2017



Banerjee P, et al 2019
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The Effect of Evinacumab in HoFH was not  LDLR Dependent
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Results in HoFH are Compatible with the  Following

Mechanisms of Action 



RNAi is an intrinsic process for inhibiting mRNA

dsRNA 
dicer

Cleavage

Natural process of 
RNA interference
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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



Therapeutic approaches to reducing LDL-C via the LDL recptor

Small Molecules, Mabs, siRNA

1. Nordestegaard B, Ray KK  Nature Reviews Cardiology Jan 2018



Target Drug Clinical Development

Apolipoprotein B Mipomersen (ASO) Approved in USA not in EU

PCSK9 PCSK9 (siRNA) Phase III

Apolipoprotein (a) Apo(a) (ASO) Phase I-II

Apolipoprotein C-III Volanerorsen (ASO) Phase III

ANGPTL3 ANGPLT3 Phase I-II

CRP CRP (ASO) Phase I

Antisense Drugs for Dyslipidemia:
state of the art



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


