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RISKPROTECTION
Are there mutations 

that confer ‘resistance’ 
to disease?  

Why do some get 
disease 

at an early age?



Can we find mutations that     
protect against disease & develop 
medicines that mimic them? 

Can we identify those at high genetic
risk & offer preventive intervention?

Two questions



Myocardial infarction (MI)

• Leading cause of death worldwide
• Heritable

Symptoms

EKG change

Elevation in 
cardiac 
biomarkers

Roger, Circulation 2012
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risk



Average risk of 
disease

Lower 
risk

Develop 
medicine 

that mimics 
mutation

Lower 
risk



NULL mutations:  provide 
clear direction of effect

Variant in Exon

AATCATCGATGT

AATCATTGATGT

Synonymous

Missense

Nonsense

Splice site Null 
mutations

Indel frameshift



Particularly useful for therapeutic target 
selection are null mutations that reduce risk

Heterozygous null Homozygous null
‘Knockout’ 

Efficacy Safety



Best example to date:  PCSK9

Abifadel, Nature Genetics (2003) 



I in 40 blacks

Null mutation 
(het) in 

PCSK9 gene

Lower LDL 
cholesterol

80% lower risk 
heart attack

PCSK9:  null mutation lower LDL, MI

Average risk of
heart attack Abifadel, Nat Genet (2003) 

Cohen, N Engl J Med (2006) 



I in 40 blacks

Null mutation 
(het) in 

PCSK9 gene

Lower LDL 
cholesterol

80% lower risk 
heart attack

PCSK0 null mutation at 1:40 frequency: 
found exclusively in blacks

Average risk of
heart attack Abifadel, Nat Genet (2003) 

Cohen, N Engl J Med (2006) 

Null 
mutation 

found 
*only* 

in those of 
African 

ancestry



African-American woman completely 
deficient in PCSK9 (healthy)



Alirocumab
Evolocumab

Block PCSK9

Lower LDL 
cholesterol

15-20% lower risk 
CV events, death

I in 50 people

Null mutation 
(het) in 

PCSK9 gene

Lower LDL 
cholesterol

80% lower risk 
heart attack

PCSK9 inhibitor: mimics mutation

Average risk of
heart attack 



Are there more 
protective, null mutation 

examples for MI?



Pollin et al., Science (2008)



I in 20 Amish
1 in 150 US/Europe

Null mutation in 
APOC3 gene

Lower 
triglycerides

40% lower risk 
MI

Crosby et al., N Engl J Med (2014)
Jorgensen et al., N Engl J Med (2014)

Apolipoprotein C3 (APOC3)

Pollin et al., Science (2008)



Can we identify a ‘human knockout’ 
for APOC3 and if so, healthy?

Heterozygous null Homozygous null
‘Knockout’

✔ ?



Bittles AH, Black ML.  Proc Natl Acad Sci USA (2010)

When parents are closely related (consanguinity), 
children more likely to be homozygous



Pakistan
(PROMIS Cohort)

Bittles AH, Black ML.  Proc Natl Acad Sci USA (2010)

Global map of consanguinity



In Pakistan, we have identified 
world’s first APOC3 homozygous nulls 

7,039       35        4

Pradeep NatarajanDanish Saleheen

Saleheen*, Natarajan* et al., Nature (2017)

John Danesh



Family where 15 unions are between first cousins 



We recruited this nuclear family for 
hypothesis-driven phenotyping



Surprise:  both father and mother are completely 
defective for APOC3 (homozygous null)

All nine children are obligate homozygote null



Why are APOC3 mutation 
carriers protected from heart attack?

People WITHOUT mutation 

People WITH mutation 



Oral fat challenge test
in mutation non-carriers and carriers

People WITHOUT mutation

People WITH mutation

Dietary fat challenge



After a fat challenge in all of us, 
blood triglycerides rises

n = 6

n = 7 
Wild-type (+/+)



Complete absence of APOC3 leads 
to much lower blood TG after meal

n = 6
Homozygous null (-/-)

n = 7 
Wild-type (+/+)

Saleheen*, Natarajan* et al., Nature (2017)



I in 20 Amish
1 in 150 US/Europe

Null mutation in 
APOC3 gene

Lower 
triglycerides

40% lower risk 
MI

Antisense 
oligonucleotide

(Ionis & Novartis)

Block APOC3

✔️ Lower 
triglycerides

? MI risk

Medicines now being developed 
to mimic APOC3 null mutation



Imagine if: 
a public resource of human knockouts 

Daniel MacArthur





Thousands genes where KO human exists



How many more null genes can we expect? 



Up to ~8,000 genes homozygous null after 
sequencing 200,000 Pakistanis



In India, 14 groups at >1M size with 

founder events more extreme than Finns, Azhkenazi Jews



Can we identify those at high genetic
risk & offer preventive intervention?

Two questions



Age onset at MI

Why do some suffer MI 
at a very early age?

MI at age < 55

Monogenic
Polygenic

Lifestyle



Traditional approach:
Genetic prediction focuses on rare, monogenic mutations
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Genetic prediction focuses on rare, monogenic mutations
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Question: Can we identify additional patients 
with a polygenic risk model?



‘N’ 
polymorphisms

0, 1, or 2 copies 
of the risk allele

Score ranging 
from 0 to 2N 

for each person

Concept: polygenic risk scores

Kathiresan, N Engl J Med (2008)
Ripatti, Lancet (2010) 
Khera, N Engl J Med (2016)



Polygenic risk scores:  move from top SNPs 
to a genome-wide set of 6.6M for prediction

Khera*, Chaffin*, 
bioRxiv 2017

Amit V. Khera



Hypothesis: a polygenic score including a genome-
wide set of SNPs can identify individuals with risk 

equivalent to a monogenic mutation

Step 1
6.6 million variants 
from genome-wide 
association study

Cases
N = 60K

Controls
N = 120K

Khera*, Chaffin*, bioRxiv (2017)

Step 2
Testing 

Dataset:  125K

Cases
N = 4K

Controls
N = 120K

Step 3
Validation 

Dataset:  300K

Cases
N = 8.7K

Controls
N = 288K

Genotypes: from arrays + imputation



A new quantitative metric of 
genetic liability to heart attack

Polygenic score of 
6.6 million common variants

Polygenic score of 
6.6 million common variants

0.0

0.1

0.2

0.3

0.4

−4 −2 0 2 4

Polygenic Score

D
en

si
ty

Khera*, Chaffin*, bioRxiv (2017)



Genome-wide polygenic score: 
little correlation with 

currently measured MI risk factors
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1:20 participants, odds ratio 3.3 for MI 
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Top 5% 3.3
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Mode of detection

Odd ratio for MI

Monogenic Polygenic

3.2

↑ LDL cholesterol

3.3

Currently
UNAWARE

Prevalence in 
population

0.4% 5%

Mechanism of risk apoB lipoproteins ‘Gamish’

Monogenic, polygenic contributions to early MI



Mode of detection

Odd ratio for MI

Intervention

Monogenic Polygenic

3.2

↑ LDL cholesterol

Lifestyle
Medications

3.3

Currently
UNAWARE

?

Prevalence in 
population

0.4% 5%

Mechanism of risk apoB lipoproteins ‘Gamish’

Monogenic, polygenic contributions to early MI



Lifestyle Medicines

Is polygenic risk for MI modifiable?

↓48% ↓44%

Khera, N Engl J Med (2016)
Mega*, Stitziel*, Lancet (2015)
Natarajan, Circulation (2017)



Summary:  
Monogenic vs polygenic contribution to early MI

100 patients with 
early MI Monogenic risk

Polygenic risk

Monogenic & 
polygenic

3-4 fold

3-4 fold

6-8 fold

à Risk



Approach works for other common diseases . . . 
including those without monogenic risk factors
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% of 
population

at >3-fold risk
Heart attack 5.0%

Atrial fibrillation 6.2%

Diabetes 3.6%

Inflammatory Bowel 3.0%

Breast cancer 2.1%

Potential for impact on clinical practice



Why much better prediction now?  

• Larger genome-wide association studies, more precise 
effect estimate for each variant 

• Better computational methods to create genome-wide 
polygenic scores

• Larger cohorts to test and validate genome-wide 
polygenic scores (e.g., UK Biobank, 500K participants 
with GWAS data)



Will the MI polygenic score derived, validated in 
whites generalize to other ethnicities?

Step 1
6.6 million variants 
from genome-wide 
association study

Cases
N = 60K

Controls
N = 120K

Khera*, Chaffin*, bioRxiv (2017)

Step 2
Testing 

Dataset:  125K

Cases
N = 4K

Controls
N = 120K

Step 3
Validation 

Dataset:  300K

Cases
N = 8.7K

Controls
N = 288K

European ancestry European ancestry European ancestry



Impact of high MI polygenic score by race

Important to extend this approach to additional ancestral 
backgrounds—including undertaking or expanding 

GWAS in non-European ethnic groups

South Asians, UK Biobank (414 cases / 7203 controls): OR 3.06



Major challenge: <20% published GWAS 
studies in ancestries outside Europe

Popejoy, Fullerton Nature (2016)



Summary:  multi-ethnic studies

ChallengeOpportunity

Polygenic scores:  
those of non-European 

ancestry could be 
left behind

Gene variants providing 
unique biologic insights 

distributed 
all over world




