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Plasma LDL-C levels are controlled by hepatic 

low-density lipoprotein receptor (LDLR)

Brown et al. Proc Natl Acad Sci USA 1979;76:3330–3337. 

Recycling of LDLR

Increased LDLR 

surface concentration

LDL 

particles

LDLR



Modulators of LDLR half-life: PCSK9 inhibitors

Targeting PCSK9 beyond monoclonal antibodies

Seidah N, Norata GD. Cardiovasc Res 2019; 115:510-518. 
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PCSK9 gene silencing (Inclisiran)

Inclisiran: 

siRNA conjugated to 
N-acetylgalactosamine

Subcutaneous administration

Targeted delivery 
to hepatocytes

Third generation with enhanced 
stablilisation chemistry

Asialoglycoprotein receptor 

(ASGPR):

Highly expressed 

in hepatocytes only.

High rate of uptake

GalNAc-siRNA conjugates facilitate rapid hepatic uptake

Background
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Recap of STC to ESC Transition

Metabolic profiling of conjugates in mouse liver 

Standard Template Chemistry (STC)

Enhanced Stabilization Chemistry (ESC)

5′-sense

5′-AS

5′-sense

5′-AS

= Phosphorothioate linkage (PS) = 2’-F = 2’-OMe

Region of nuclease 

hotspots

Region of nuclease 

hotspots

End stabilization with PS linkages



Small interfering RNA (siRNA) targeted to PCSK9 

Mechanism of action

RISC = RNA induced silencing complex Whitehead et al. Nat Rev Drug Discov 2009;8:129-38

PCSK9 gene silencing (Inclisiran)
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Recap of STC to ESC Transition

Metabolic profiling of conjugates in mouse liver 
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PCSK9 gene silencing: ORION-1 (Inclisiran) 
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ORION clinical development program overview

ORION-2 & -5 (60 HoFH)
Phase II & III

ORION-6 & -7
renal & hepatic 

impaired) PK

ORION-13 
(12 HoFH peds)

Phase III

ORION-16 
(40 HeFH peds)

Phase III

ORION-12 TQT

ORION-14 & -15 
PK/PD Japan & 

China

ORION-4
(15,000 high risk ASCVD)

Phase III

ORION-8
Phase III extension

ORION-10
(1500 ASCVD)

Phase III

ORION-1
(500 ASCVD)

Phase II

ASCVD or ASCVD risk equivalents
Total 18,500

ORION-9
(400 HeFH)

Phase III

ORION-3
Phase II extension

HeFH & HoFH

Special populations

ORION-11
(1500 ASCVD/RE)

Phase III

Clinical & regulatory
strategy

ORION-19  HoFH (8-11)

ORION-20 HeFH (8-11)

Inclisiran on going development



Inclisiran: efficacy in ASCVD patients (Phase III: ORION 10, 11) 

Ray K et al, NEJM 2020



Ray K et al, NEJM 2020

Inclisiran: efficacy in ASCVD patients (Phase III: ORION 10, 11) 



Inclisiran: efficacy in HeFH patients (Phase III: ORION 9) 

Raal FJ et al, NEJM 2020







ORION-3: OLE of ORION 1 





Inclisiran: Safety (Phase III: ORION 9, 10 and 11) 

Wright RS et al, JACC 2021





Modulators of LDLR half-life: PCSK9 inhibitors

Targeting PCSK9 beyond monoclonal antibodies

Seidah N, Norata GD. Cardiovasc Res 2019; 115:510-518. 



Adnectins anti PCSK9:LIB003 Phase II

Scaffold proteins



Pharmacokinetics aspects of scaffold proteins

compared to mAbs

DISADVANTAGES

Short half life (PEG or albumin BD conjugation)

Immunogenicity

MoA similar to mAb

ADVANTAGES

Small MW (10-20Kd) vs  

Increased solubility

Increased stability

• Elevated tissue distribution

• Simple to produce 

(Escherichia Coli)

• Low cost



Placebo (PBO)-controlled, double-
blind, single ascending dose study of
9 cohorts with 7 subjects per cohort
(5 LIB003:2 PBO). Cohorts 1-7 were on
diet alone and cohorts 8-9 on a statin.
Subjects were in-patients for 72 hours
post dose and followed as out-
patients on days 5, 8, 11, 15, 18, 22, 29,
36 and 43. Randomization to next
cohort dose commenced after safety
review at day 8 of ≥5 subjects in a
cohort.

LIB003 (LIB) is a recombinant fusion protein of a PCSK9-binding
domain (adnectin) and human serum albumin bind domain which
offers small injection volumes for monthly (Q4W) dosing.

Adnectins anti PCSK9:LIB003



Phase II

Adnectins anti PCSK9:LIB003



SAIT (specific active immunotherapy anti-PCSK9)
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Pinkosky SL, et al. Nat Commun. 2016 Nov 28;7:13457.

Bempedoic Acid: mechanism of action

Prodrug
ATP citrate lyase (ACLy) inhibitor

AMPK beta1 activator

ACSVL1:Very long chain acyl-coA synthase



ATP citrate lyase (ACLy) inhibition

Bempedoic Acid: mechanism of action



Prodrug activation requires the activity of very long chain fatty acids synthase

Pinkosky SL, et al. Nat Commun. 2016 Nov 28;7:13457. 

Liver selectivity of Bempedoic Acid 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiQm86EvJHaAhXByKQKHUn1D_kQjRx6BAgAEAU&url=http://www.nature.com/articles/ncomms13457/figures/6&psig=AOvVaw0wAkSrJ5aqyqQY4lx7sZ_r&ust=1522410688748124
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiQm86EvJHaAhXByKQKHUn1D_kQjRx6BAgAEAU&url=http://www.nature.com/articles/ncomms13457/figures/6&psig=AOvVaw0wAkSrJ5aqyqQY4lx7sZ_r&ust=1522410688748124


Pharmacology of Bempedoic Acid 

-Potent inhibition of ATP citrate lyase in the liver resulting in decreased LDL-C levels

-Activation of AMPK (not involved in lipid lowering in animal models).

-No active drug produced in smooth muscle cells. 



LDL-C reduction in clinical trials



CLEAR Harmony

CLEAR Wisdom

CLEAR Serenity 

CLEAR Tranquility



Statin intollerant

Summary of bempedoic acid phase III studies

CLEAR Harmony

On top of max tolerated dose of statins

CLEAR Tranquillity CLEAR Serenity

+ ezetimibe



Open questions:

Clinical impact of AMPK activation?

Clinical implication of acetyl-CoA production 
inhibition beyond the mevalonate pathway?



ANGPTL3 

(angiopoietin-like 3 protein)





(A)  Exogenous (chylomicron) Pathway (B) Endogenous (VLDL) Pathway
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Pre-Clinical and Human Early Phase Studies Suggest that Several Mechanisms

are Involved in the Lipid Lowering Effect of ANGPTL3 Blockade
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Decrease of atherosclerotic lesions

Decrease
TG-VLDL secretion

Increase remnants clearance

LPL upregulation

Lipolysis
NEFA  spillover

LPL upregulation

Increase IDL clearance
LRP, Syndecan-1, LDLR

independent

IDL

Improves insulin sensitivity
Decreases fatty liver

Pre-Clinical and Human Early Phase Studies Suggest that Several Mechanisms

are Involved in the Lipid Lowering Effect of ANGPTL3 Blockade



Two approaches to target ANGPTL3 

in clinical development 

Vupanorsen

Antisense oligonucleotide

(ASO)
Evinacumab



Graham MJ et al. NEJM 2017



Vupanorsen Produced Significant Reductions of Plasma 

Triglycerides and Total Cholesterol Levels in Healthy Subjects

Up to  -93%

(mean 84%)

Up to  -46%

(mean 28%)

Up to  -63%

(mean 49%)

ANGPTL3 Triglycerides Total

Cholesterol



Summary Vupanorsen

Administration of  an ANGPTL3 ASO produced dose-dependent reductions in 
hepatic target mRNA, plasma TG, and cholesterol in preclinical models of 
hypercholesterolemia and metabolic dyslipidemia. 

• Reductions in plasma TG were independent of apoC-III expression

• Plasma lipids were reduced by inhibiting hepatic TG secretion and 
increasing plasma TG clearance

In diet induced obese mice, ANGPTL3 ASO administration reduced plasma 
triglyceride and LDL-C, reduced hepatic TG, and improved insulin and leptin
sensitivity

Antisense inhibition of ANGPTL3 may provide a unique approach to treatment 
of patients with elevated cholesterol, metabolic dyslipidemia, and fatty liver



Monoclonal antibodies anti ANGPTL3

TG: -76%

LDL-C: 23%



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)  Gaudet D et al. NEJM 2017

> 45% mean decrease in LDL-C, apo B and TG at W 4

Evinabumab in HoFH: 

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



Evinabumab in HoFH: 

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

Gaudet D et al. NEJM 2017





Evinacumab: ECLIPSE Study



Evinacumab: ECLIPSE Study



Evinacumab: TG reduction in healthy volunteers





Evinacumab and TGs

Single dose day4

SC -55% 200 mg

IV  -80/88%   
5 to 20 mg/kg



MAD

SC -55% 
300-450 mg

IV  -88%   
20 mg/kg

Plasma TG

Evinacumab and TGs
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Long term vision? : AAV8.TBG.hLDLR

iPSCs

Hepatocyte-like LDLR trasgene

Retransplantation
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