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Genes mapped to coronary disease risk loci and 

pathophysiological pathways in atherosclerosis

Erdmann J et al. & Schunkert H. Cardiovasc Res 2018; 114(9):1241-1257
Aragam K et al.; Nat Genet 2022; 54(12):1803-1815 - CARDIoGRAMplusC4D Consortium
(currently > 240 genom-wide associations)

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=CARDIoGRAMplusC4D+Consortium%5BCorporate+Author%5D
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PCSK9 Sequence Variant and Coronary Disease

Ferrence B,.., Landmesser U et al. Eur Heart 2017; 38: 2459-2472

Cohen JC et al., N Engl J Med 2006; 354:1264-1272
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Lipoprotein (a) and Coronary Disease
(Non-fatal MI and Coronary Death)

Tsimikas S.   J Am Coll Cardiol. 2017; 69(6):692-711



Genetic associations: 
Lipoprotein(a) and aortic valve calcification/stenosis

Conclusions:  Genetic variation in the LPA locus, mediated by Lp(a) levels, is associated with aortic valve 

calcification across multiple ethnic groups and with incident clinical aortic stenosis.

SNP - LPA Locus

Thanassoulis G et al., N Engl J Med 2013; 368(6):503-12
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Landmesser U et al & Lüscher T.  Eur Heart J 2020; 41: 3884-3899  



Landmesser U et al & Lüscher T.  Eur Heart J 2020; 41: 3884-3899  



RNA-targeted therapies –
Targeting mRNA to prevent protein synthesis



RNA interference 
(small interference RNAs – siRNAs)

Fire A, et al. & Mello CC.
Potent and specific genetic interference by 
double-stranded RNA in Caenorhabditis elegans
Nature 1998; 391:806-11

2006 Nobel Prize in Physiology or Medicine: 
In their brilliant paper, Andrew Fire and Craig Mello demonstrated that double-
stranded RNA activates an enzymatic mechanism that leads to gene silencing, 
with the genetic code in the RNA molecule determining which gene to silence. 



Therapeutic siRNA – targeting PCSK9 (Inclisiran)
Structure and chemical modifications; Conjugated Targeting molecule

Khvorova A.  N Engl J Med 2017

2. GalNAc

Conjugation –
Targeting the 

Asialo-glycoprotein 

receptor 

(ASGPR)

1.  Nucleotide Modifications



PCSK9 siRNA – ORION-1 Phase 2 Study:
Long-lasting effects of of 300 mg s.c. PCSK9 siRNA

Ray K*; Landmesser U* et al. N Engl J Med 2017;376:1430-1440 



New Pharmacokinetics:
PCSK9 siRNA Plasma concentrations

Mayo Clin Proc 2020; 95: 77-89



Lancet Diabetes Endocrinol. 2023; 11(2):109-119



Lancet Diabetes Endocrinol. 2023; 11(2):109-119
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Observational, Genetic and Clinical Studies: 

Atherogenic Lipoproteins and Coronary Disease
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Lipoprotein (a) Antisense oligonucleotide therapy: 

Phase 2 Study 

Tsimikas S et al. N Engl J Med. 2020 Jan 16;382(3):244-255



Aortic-valve stenosis has a prevalence of > 2.5 % in 
adults > 75 years

Current managment is largely limited to a decision on timing 
and mode of aortic-valve replacement.  
(Relevant periprocedural risk and a bioprosthetic-valve failure
rate >3% at 5 years)

N Engl J Med. 2023 Nov 23;389(21):2008-2009

There is a major unmet clinical need 

for medical treatment of aortic-valve 

stenosis – a highly frequent 

healthcare problem
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N Engl J Med. 2022
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Eur Heart J 2023; 44(2):129-138



ORION pooled analysis: Safety and tolerability of 

inclisiran in 7 clinical trials
No safety signals for muscular, hepatic, kidney, or glycemic TEAE

Wright RS, König W, Landmesser U et al.
J Am Coll Cardiol 2023 Dec 12;82(24):2251-2261



siRNA PCSK9

• ORION-4

• VICTORION-2-PREVENT

ASO Lp(a)

• HORIZON

siRNA Lp(a)

• OCEAN

ASO ApoCIII

• CORE Program

Clinical Outcome Trials (selected) with targeted (GalNaC-

conjugated) siRNAs/ASOs for Causal Lipoproteins for CVD



• ASCVD threshold of 
      7 LDL-C gram-years

• Red line FH
      LDL-C 200 mg/dl
• Green line 
      LDL-C 100 mg/dl
• Blue line – 
      LDL-C 100 mg/dl, but
      PCSK9 siRNA 
      from age 30 years



Landmesser U et al & Lüscher T.  Eur Heart J 2020; 41: 3884-3899  
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Thank you !



Kronenberg F et al.; Eur Heart J. 2022 Aug 29 (Online ahead of print)
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