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Can we use genomic information to improve this success rate?

Ernesto del Aguila, NHGRI



The wealth of genetic dataThe wealth of genetic data

http://www.genome.gov/gwastudies/



GWA studies of cardiovascular traitsGWA studies of cardiovascular traits

Large-scale genome-wide association (GWA) meta-analyses, often 

involving trans-ethnic studies, offer large-scale information on

– Coronary heart disease (~60k cases)

– Ischaemic stroke (~12k cases)

– Lipid fractions (~200k individuals)

– Blood pressure (~350k individuals)

– Inflammatory markers, etc… (~100k individuals)

– Population biobanks (e.g. ~500k individuals in UKB)



Translational potential of genetic dataTranslational potential of genetic data

Large-scale genomic studies have the potential to be used to
identify new therapeutic targets as well as to:

• Explore the causal effects of potential therapeutic
pathways on diseasepathways on disease

• Explore causality of biomarkers associated with disease risk

by examining the effects of genetic variants (and genetic risk
scores) that can mimic the risk factor or drug target of
interest.



Randomized trials Randomized trials vs vs Mendelian randomizationMendelian randomization

Randomized trial

Randomized allocation to therapy

PlaceboActive

Biomarker higherBiomarker lower

Event rate lower Event rate higher

Other risk factors assumed balanced on average



Randomized trials vs Mendelian randomizationRandomized trials vs Mendelian randomization

Mendelian randomization

Randomization by genotype
allele inherited from each parent randomly determined

Randomized trial

Randomized allocation to therapy

Genotype AAGenotype aa

Biomarker higherBiomarker lower

Event rate lower Event rate higher

PlaceboActive

Biomarker higherBiomarker lower

Event rate lower Event rate higher

Other risk factors assumed balanced on averageOther risk factors assumed balanced on average



Genetic variants for Mendelian RandomizationGenetic variants for Mendelian Randomization

Confounders

Genetic variant         � Risk factor � Outcome 
(Instrumental variable)                                     e.g. LDL-C                                 e.g. CHD

X

�

1. The genetic variant should be associated with the risk factor

2. The genetic variant should not associated with a confounder 
of the risk factor – outcome association

3. There should be no alternative causal pathway from the 
genetic variant to the outcome, except for via the risk factor

X



AAdvantages and limitationsdvantages and limitations

Hopewell et al,  Stroke, 2016



MR studies of coronary heart diseaseMR studies of coronary heart disease

Jansen et al, EHJ, 2014



Can genetic studies anticipate causal Can genetic studies anticipate causal 

onon--target adverse effects?target adverse effects?

Statins & newStatins & new--onset diabetesonset diabetesStatins & newStatins & new--onset diabetesonset diabetes



Statins  and diabetes Statins  and diabetes –– the trial evidencethe trial evidence

• 91, 140 statin trial participants, of whom 4278

developed diabetes during a mean of 4 years.

Sattar et al.  Lancet, 2010



HMGCRHMGCR genetic variants mimic statin use genetic variants mimic statin use 

• Statins exert their

action by inhibiting

HMGCR, leading to

LDL-reduction.

• A HMGCR genetic

variant, used as a proxy

for statin use, was

associated with lower

LDL-C.

Swerdlow,  Lancet, 2015



Is Is HMGCRHMGCR associated with diabetes? associated with diabetes? 

• The HMGCR genetic

variant associated with

lower LDL-C was also

associated with higher

risk of new onsetrisk of new onset

diabetes.

• Impact on diabetes is

an on-target effect of

HMGCR inhibition.

Swerdlow,  Lancet, 2015



Statins Statins –– Trials vs Genetic studiesTrials vs Genetic studies

Genetic study

Randomization by HMGCR variant

Randomized trial

Randomized allocation to therapy

HMGCR snp (GG)HMGCR snp (TT)

HMGCR normalHMGCR inhibited

LDL-C lower & 

higher rate of 

diabetes

LDL-C higher & 

lower rate of 

diabetes

PlaceboStatin

HMGCR normalHMGCR inhibited

LDL-C lower & 

higher rate of 

diabetes

LDL-C higher & 

lower rate of 

diabetes



ImplicationsImplications

• Life-long inhibition of HMGCR is associated with lower LDL-C 

and higher risk of new onset diabetes. Effect of statins on 

diabetes at least partially explained by HMGCR inhibition.

• Small effect on diabetes requires large-scale studies. 

PheWAS may offer further insight into potential small on-

target effects, albeit cannot assess off-target effects.



Can genetic Can genetic studies studies identify a poor identify a poor 

choice of therapeutic target? choice of therapeutic target? 

LpPLALpPLA inhibition & vascular eventsinhibition & vascular eventsLpPLALpPLA22 inhibition & vascular eventsinhibition & vascular events



LpLp--PLAPLA22 -- observational and trial evidenceobservational and trial evidence

• Lp-PLA2 produces pro-inflammatory mediators through hydrolysis 

of oxidised phospholipids carried on LDL in atherosclerotic plaques.

• Increased Lp-PLA2 activity associated with higher CHD risk.

Lp-PLA2 Studies Collaboration ,Lancet, 2010



LpLp--PLAPLA22 -- observational observational and trial evidenceand trial evidence

• Increased Lp-PLA2 activity associated with CHD.

• Large-scale randomized trials of darapladib, an Lp-PLA2 inhibitor, 

showed no effect on major vascular events.

Lp-PLA2 Studies Collaboration ,Lancet, 2010

STABILITY Investigators, NEJM, 2014



Do genetic studies agree? LpDo genetic studies agree? Lp--PLAPLA22 and and PLA2G7PLA2G7

• A loss-of-function variant in PLA2G7 (V279F), 

encoding Lp-PLA2, results in 50% lower Lp-PLA2 

activity per copy and is common in East Asians (5%), 

providing a strong genetic instrument.

• V279F was genotyped in ~90,000 individuals from the 

China Kadoorie Biobank and tested for association 

with ~ 7000 major vascular events as well as a range 

of wider diseases (to explore other on-target effects).

Millwood et al, JACC, 2016



LossLoss--ofof--function mutation in the Lpfunction mutation in the Lp--PLAPLA2 2 genegene

Millwood et al, JACC, 2016



PheWASPheWAS of of PLA2G7PLA2G7 V279F V279F 

Millwood et al, IJE, 2016



PheWASPheWAS of of PLA2G7PLA2G7 V279F V279F 

Millwood et al, IJE, 2016



LpPLALpPLA2 2 –– Trials vs Genetic studiesTrials vs Genetic studies

Genetic study

Randomization by PLA2G7 variant

Randomized trial

Randomized allocation to therapy

V279F (noncarrier)V279F (carrier) 

Lp-PLA2 normalLp-PLA2 inhibited

No difference in cardiovascular 

event rate or other major diseases

PlaceboDarapladib

Lp-PLA2 normalLp-PLA2 inhibited

No difference in cardiovascular 

event rate



ImplicationsImplications

• Concordance between the effects of genetic markers 

and clinical trials; Lp-PLA2 inhibition does not lower 

rate of MVEs. Thus, the biological mechanism isn’t 

causal for disease.

• PheWAS indicates no large effects on other disease 

outcomes, suggesting no major safety concerns or 

other potential promising indications.



Do trials and Mendelian randomization Do trials and Mendelian randomization 

always agree?always agree?

PCSK9 inhibitors, CHD and ischaemic strokePCSK9 inhibitors, CHD and ischaemic stroke



PCSK9PCSK9 genetic mutations to drug discoverygenetic mutations to drug discovery

• PCSK9 gain-of-function mutations 

� High LDL-C

� Premature heart disease

• PCSK9 loss-of-function mutations • PCSK9 loss-of-function mutations 

� Low LDL-C

� Reduction in CHD incidence 

� Not associated with other detectable abnormalities

� Development of PCSK9 inhibitors

Abifadel et al, Nat Gen, 2003

Cohen et al,  Nat Gen, 2005; Cohen et al, NEJM, 2006



WhatWhat does PCSK9 do?does PCSK9 do?

PCSK9 regulates surface expression of LDLRs by targeting for lysosomal degradation

Qian et al, J Lipid Res, 2007

Horton et al, J Lipid Res, 2009

Zhang et al, J Biol Chem, 2007.



How might How might PCSK9PCSK9--inhibitioninhibition impact impact 

different vascular outcomes? different vascular outcomes? 

• Statin trials suggest that LDL-lowering lowers the risk 

of both CHD and of ischaemic stroke comparably.

• However, observational evidence suggests a weaker • However, observational evidence suggests a weaker 

effect of LDL-C on ischaemic stroke than on CHD. 

• Prior to very recent Phase 3 studies of PCSK9 

inhibition, there was no reliable direct evidence for 

the impact of PCSK9 on vascular outcomes.



Impact of PCSK9 inhibition on vascular outcomesImpact of PCSK9 inhibition on vascular outcomes

FOURIER FOURIER –– a Phase 3 clinical triala Phase 3 clinical trial

Sabatine et al, NEJM 2017

Evolocumab resulted in a 27% risk reduction in myocardial 

infarction and a 25% risk reduction in ischaemic stroke.



What do the genetics suggest? What do the genetics suggest? 

• International collaboration of studies examining the genetics 

of ischaemic stroke (IS), involving ~10,000 IS cases from 12 

studies (about 50% with TOAST subtyping).

• Effects of PCSK9 variants on IS and IS subtypes in the • Effects of PCSK9 variants on IS and IS subtypes in the 

METASTROKE genome-wide meta-analysis were estimated. 

• Estimates of the effects of PCSK9 variants on LDL-C and CHD 

risk were obtained from the Global Lipids Consortium and 

CARDIoGRAMPlusC4D Consortium respectively.

Hopewell et al, EHJ, In Press



PCSK9PCSK9 R46L and risk of vascular disease R46L and risk of vascular disease 

The R46L loss-of-function variant (~1.5% frequency in 

Europeans), is associated with lower PCSK9 levels, and ~0.5 

mmol/L lower LDL-C levels (as well as small effects on other 

biomarkers).

Hopewell et al, EHJ, In Press  
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Impact of Impact of PCSK9PCSK9 variants on variants on 

LDLLDL--C lowering and vascular riskC lowering and vascular risk

CHD

Hopewell et al, EHJ, in press  

IS



PCSK9 PCSK9 –– Trials vs Genetic studiesTrials vs Genetic studies

Genetic study

Randomization by PCSK9 variant

Randomized trial

Randomized allocation to therapy

R46L (noncarrier)R46L (carrier)

PCSK9 normalPCSK9 inhibited

CHD event rate CHD event rate 

lower higher 

No difference in IS event rate

PlaceboEvolocumab

PCSK9 normalPCSK9 inhibited

CHD & IS                  CHD & IS 

event rate                event rate   

lower                        higher



ImplicationsImplications

• PCSK9 variants that produce life-long lower LDL-C levels, and 

that are associated with lower risk of CHD, appear to have a 

significantly weaker (if any) effect on the risk of IS. 

By comparison, PCSK9-inhibitor therapy (similarly to statin • By comparison, PCSK9-inhibitor therapy (similarly to statin 

and ezetimibe) reduces the risk of CHD and IS comparably. 

• Findings illustrate potential limitations with the use of 

Mendelian randomization to predict the effects of novel 

therapeutic interventions on different health outcomes.



Mendelian randomizationMendelian randomization

Take home messagesTake home messages

• Mendelian randomization is a powerful tool that can help to 

elucidate the causal relevance of therapeutic mechanisms 

and biomarkers.

• Mendelian randomization studies can be complex and • Mendelian randomization studies can be complex and 

interpretation challenging, thus findings should be 

considered alongside other sources of evidence.

• Statistical approaches are available that may facilitate better 

understanding of Mendelian randomization studies and the 

potential impact of pleiotropy.
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MR of specific LDLMR of specific LDL--C lowering variants also C lowering variants also 

suggests weaker effect on IS than on CHD risksuggests weaker effect on IS than on CHD risk

Preliminary analyses - not for citation or publication

Observe heterogeneity between effects on CHD and on IS



Holmes et al, Nat Rev Cardio, 2017



Holmes et al, Nat Rev Cardio, 2017



Statins & Statins & PCSK9PCSK9

Statins increase PCSK9 (limiting their impact)

PCSK9 inhibitors decrease PCSK9 expression

Statin in the presence of PCSK9 inhibition should be more Statin in the presence of PCSK9 inhibition should be more 
effective!

Statins and fibrates induce increased PCSK9 expression,
thus PCSK9 inhibition could induce robust LDL reduction as
add-on therapy.


