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Two men and cardiovascular disease
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PROTECTION

Are there mutations
that confer ‘resistance’
to disease?

1932-1984
52 years

RISK

Why do some get
disease
at an early age?



Two questions

Can we find mutations that

protect against disease & develop
medicines that mimic them!?

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




Myocardial infarction (Ml)

* Leading cause of death worldwide

e Heritable

Site of Blockage

Thrombus

Left Anterior
Descending
Coronary
Artery

Roger, Circulation 2012

Symptoms

EKG change

Elevation in
cardiac
biomarkers
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NULL mutations: provide
clear direction of effect

Variant in Exon Synonymous
AATCATCGATGT Missense
AATCATTGATGT Nonsense -
Splice site Null
mutations

Indel frameshift -



Particularly useful for therapeutic target
selection are null mutations that reduce risk
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Best example to date: PCSK9

Mutations 1n PCSK9 cause
autosomal dominant
hypercholesterolemia

Marianne Abifadel'2, Mathilde Varret!, Jean-Pierre Rabeés!»,
Delphine Allard!, Khadija Ouguerram®, Martine Devillers!,
Corinne Cruaud?, Suzanne Benjannet6, Louise Wickham®,

Daniele Erlich!, Aurélie Derré!, Ludovic Villéger!, Michel Farnier’,
Isabel Beucler®, Eric Bruckert?, Jean Chambaz!?, Bernard Chanu!!,
Jean-Michel Lecerf'2, Gerald Luc!?, Philippe Moulin'?,

Jean Weissenbach®, Annick Prat®, Michel Krempf*

Claudine Junien!'?, Nabil G Seidah® & Catherine Boileau!?

Abifadel, Nature Genetics (2003)



PCSK9: null mutation lower LDL, MI
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PCSKO null mutation at 1:40 frequency:
found exclusively in blacks
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African-American woman completely
deficient in PCSK9 (healthy)

ARTICLE

Molecular Characterization of Loss-of-Function Mutations
in PCSK9 and ldentification of a Compound Heterozygote

Zhenze Zhao,” Yetsa Tuakli-Wosornu,” Thomas A. Lagace, Lisa Kinch, Nicholas V. Grishin,
Jay D. Horton, Jonathan C. Cohen, and Helen H. Hobbs

Elevated levels of circulating low-density lipoprotein cholesterol (LDL-C) play a central role in the development of
atherosclerosis. Mutations in proprotein convertase subtilisin/kexin type 9 (PCSK9) that are associated with lower plasma
levels of LDL-C confer protection from coronary heart disease. Here, we show that four severe loss-of-function mutations
prevent the secretion of PCSK9 by disrupting synthesis or trafficking of the protein. In contrast to recombinant wild-
type PCSK9, which was secreted from cells into the medium within 2 hours, the severe loss-of-function mutations in
PCSK9 largely abolished PCSK9 secretion. This finding predicted that circulating levels of PCSK9 would be lower in
individuals with the loss-of-function mutations. Immunoprecipitation and immunoblotting of plasma for PCSK9 provided
direct evidence that the serine protease is present in the circulation and identified the first known individual who has
no immunodetectable circulating PCSK9. This healthy, fertile college graduate, who was a compound heterozygote for
two inactivating mutations in PCSK9, had a strikingly low plasma level of LDL-C (14 mg/dL). The very low plasma level
of LDL-C and apparent good health of this individual demonstrate that PCSK9 plays a major role in determining plasma
levels of LDL-C and provides an attractive target for LDL-lowering therapy.




PCSK9 inhibitor: mimics mutation
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Are there more
protective, null mutation
examples for MI?



In Single Gene, a Path to Fight Heart Attacks

By GINA KOLATA JUNE 18, 2014

Two major studies by leading research groups published on Wednesday
independently identified mutations in a single gene that protect against
heart attacks by keeping levels of triglycerides — a kind of fat in the
blood — very low for a lifetime.

Pollin et al., Science (2008)



Apolipoprotein C3 (APOC3)
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Crosby et al., N Engl | Med (2014)
Jorgensen et al., N Engl | Med (2014)



Can we identify a ‘human knockout’
for APOC3 and if so, healthy?
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When parents are closely related (consanguinity),
children more likely to be homozygous

Consanguinity (%)
[ ] Unknown
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Il 50+ . ,
Bittles AH, Black ML. Proc Natl Acad Sci USA (2010)



Global map of consanguinity
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In Pakistan, we have identified

world’s first APOC3 homozygous nulls
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Family where 15 unions are between first cousins

4 Proband g JZ[ Deceased
O Female O El R19X carrier status unknown
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We recruited this nuclear family for
hypothesis-driven phenotyping

4 Proband Q/ E Deceased
O Female O D R19X carrier status unknown

D Male O D R19X non-carrier
= First-cousin union O [I R19X heterozygote
.___O . . R19X homozygote

4 '/ - @ E R19X obligate carrier




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

1 Proband Q/ E Deceased
O Female O D R19X carrier status unknown

D Male O |:| R19X non-carrier
= First-cousin union O I:I R19X heterozygote
.___‘ ' . R19X homozygote

4 '/ - '/ - @ E R19X obligate carrier
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All nine children are obligate homozygote null




Why are APOC3 mutation
carriers protected from heart attack?
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Oral fat challenge test
in mutation non-carriers and carriers

People WITHOUT mutation

People WITH mutation
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After a fat challenge in all of us,
blood triglycerides rises
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Complete absence of APOC3 leads
to much lower blood TG after meal
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Medicines now being developed
to mimic APOC3 null mutation
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Imagine if:
a public resource of human knockouts

AUuman knockout proje °t

Gene: APOC3 Constraint

Positional distribution

Daniel MacArthur

Age distribution Population distribution

i, ES=S=——

Gene information Variant information Phenotype information



doi:10.1038/nature22034

Human knockouts and phenotypic analysis in a
cohort with a high rate of consanguinity
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Science
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Cite as: V. M. Narasimhan et al., Science
10.1126/science.aac8624 (2016).

Health and population effects of rare gene knockouts in

adult humans with related parents

Vagheesh M. Narasimhan,! Karen A. Hunt,>* Dan Mason,** Christopher L. Baker,** Konrad J. Karczewski,>¢*
Michael R. Barnes,” Anthony H. Barnett,® Chris Bates,® Srikanth Bellary,'® Nicholas A. Bockett,> Kristina
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Identification of a large set of rare complete human

knockouts
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Analysis of protein-coding genetic
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Thousands genes where KO human exists

deCODE Iceland non-SAS ExAC
samples = 104,220 samples = 52,451

samples = 3,222
gene = 781

samples = 7,078
genes = 1,317




How many more null genes can we expect?
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Up to ~8,000 genes homozygous null after
sequencing 200,000 Pakistanis
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In India, 14 groups at >1M size with

founder events more extreme than Finns, Azhkenazi Jews

The promise of discovering population-specific
disease-associated genes in South Asia

Nathan Nakatsukal-2, Priya Moorjani®#, Niraj Rai>1%, Biswanath Sarkar®, Arti Tandon!*%, Nick Patterson?,
Gandham SriLakshmi Bhavani’, Katta Mohan Girisha’ ®, Mohammed S Mustak8, Sudha Srinivasan®®,
Amit Kaushik!?, Saadi Abdul Vahab!l, Sujatha M Jagadeesh!?, Kapaettu Satyamoorthy!l, Lalji Singh!3,
David Reich!:41416 & Kumarasamy Thangaraj>16
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Two questions

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




Why do some suffer MI
at a very early age?

Lifestyle

Ml at age <55 Age onset at Ml



Traditional approach:
Genetic prediction focuses on rare, monogenic mutations
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Traditional approach:
Genetic prediction focuses on rare, monogenic mutations

Familial
hypercholesterolemia

Heart attack
T 3x increased
Cholesterol i
risk

0.4% of the population



Question: Can we identify additional patients
with a polygenic risk model?



Concept: polygenic risk scores
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Polygenic risk scores: move from top SNPs
to a genome-wide set of 6.6M for prediction
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Hypothesis: a polygenic score including a genome-
wide set of SNPs can identify individuals with risk
equivalent to a monogenic mutation

Step 3

Step | Step 2
6.6 million variants Testing Validation
Dataset: 125K Dataset: 300K

from genome-wide
association study
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Genotypes: from arrays + imputation

Khera*, Chaffin*, bioRxiv (2017)



A new quantitative metric of
genetic liability to heart attack

Polygenic score of
6.6 million common variants
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Khera*, Chaffin*, bioRxiv (2017)



Genome-wide polygenic score:
little correlation with
currently measured Ml risk factors

Correlation with ACC/AHA
Pooled Cohorts Equation

Correlation
coefficient
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Khera*, Chaffin*, bioRxiv (2017)



What if we label top 5% tail of distribution as
‘carriers’ and remainder as ‘non-carriers’?

Polygenic score of
6.6 million common variants
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1:20 participants, odds ratio 3.3 for Mi
when compared with all others
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Top 5% 3.3
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Monogenic, polygenic contributions to early Mi

Monogenic Polygenic
Prevalence in 0.4% 59,
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Odd ratio for Ml 3.2 3.3
Mode of detection A LDL cholesterol Currently
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Mechanism of risk apoB lipoproteins ‘Gamish’



Monogenic, polygenic contributions to early Mi

Monogenic Polygenic

Prevalence in 0.4% 59,
population '
Odd ratio for Ml 3.2 3.3
Mode of detection A LDL cholesterol Currently

UNAWARE
Mechanism of risk apoB lipoproteins ‘Gamish’

. Lifestyle

Intervention Medications 4




Is polygenic risk for Ml modifiable?

Lifestyle Medicines

Mega*, Stitziel*, Lancet (2015)
Natarajan, Circulation (2017)

Khera, N Engl | Med (2016)



Summary:
Monogenic vs polygenic contribution to early Ml

N Risk

100 patients with

early Mi Monogenic risk 3-4 fold
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Approach works for other common diseases. ..
including those without monogenicrisk factors

% of

a trial fibrillation . b. ol type 2 diabetes .
) ) population
5 . at >3-fold risk
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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

* lLarger 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?

European ancestry European ancestry European ancestry
Step | Step 2 Step 3

6.6 million variants Testing Validation

from genome-wide Dataset: 125K Dataset: 300K

association study
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Impact of high Ml polygenic score by race

Race N (%) Cases

N (%) Controls

White (329 /1537)21% (787 1544) 5%

Black (26 /336) 8%
Asian (44 /328) 13%
Hispanic (27 / 168) 16%

(49 /962) 5%
(48 /961) 5%
(38 /751) 5%

Odds Ratio
——
-
L
-
T I
2 4

Odds Ratio

4.43
1.85
2.97
3.14

95% ClI P-Value

[3.41: 5.75] <0.0001
[1.11:3.07] 0.018
[1.93: 4.59] <0.0001
[1.81: 5.45] <0.0001

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

Important to extend this approach to additional ancestral
backgrounds—including undertaking or expanding
GWAS in non-European ethnic groups



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

2009 2016

373 studies 2,511 studies
1.7 million samples 35 million samples

v/ 81%
96% 1%
European European
ancestry ancestry
Asian
Other non-
European
. | |

4% Non- 19% Non-
European European
ancestry ancestry

Popejoy, Fullerton Nature (2016)



Summary: multi-ethnic studies

Opportunity Challenge

Gene variants providing Polygenic scores:
unique biologic insights those of hon-European
distributed ancestry could be

all over world left behind







