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Chapter 1

The new genetic world
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Chapter 2

Nicotine use disorder requires smoking initiation




Environmental and genetic factors influence each
step in the transition to addiction

Never Use

~

Initiation
First puff — First cigarette

~

Established smoking
100 cigarettes lifetime

T

Nicotine Use Disorder




Genetic factors strongly influence the
transition to nicotine use disorder

Never Use

~

Initiation
First puff — First cigarette

~

Established smoking
100 cigarettes lifetime
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Nicotine Use Disorder




Chapter 3

Variation in genes for nicotinic acetylcholine receptors and
nicotine metabolism are the strongest contributors to smoking
behaviors.




Novel genes identified

wide association study for nicotine dependence
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IMMEDIATE COMMUNICATION

a-5/0-3 nicotinic receptor subunit alleles increase risk for
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LETTERS

nature
genetics

Sequence variants at CHRNB3—CHRNAG6 and CYP2A6
affect smoking behavior

Smoking is a common risk factor for many diseases!. We

Thorgeirsson et al., 2010

observed at both 8p11 (rs6474412[T], odds ratio (OR) =1.09,

number of cigarettes smoked pe
(= 31,266) and smoking initiati
from the ENGAGE Consortium. |
selected SNPs with in sifico repli
Genetics (TAG) and Glaxo Smith
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(effect size = 0.80 CPD, P= 2.4 ¥|
8p11, represented by rs4105144
P=2.2 x 107'2) and rs6474412-T|
P=1.4x 107%), respectively. Amo
associated loci are genes encodin
enzymes (CYP2A6 and CYP2B6)
receptor subunits (CHRNB3 and
been highlighted in previous stud
dependence? . Nominal associa

conducted genome-wide associa ,I

Genome-wide meta-analyses identify multiple loci
associated with smoking behavior

TAG Consortium, 2010

The Tobacco and Genetics Con|

Consistent but indirect evidence ha
in smoking behavior'2. We report n

smoking phenotypes within cohorts|

Consortium (n=74,053). We also p|
Network of Genetic and Genomic
and Oxford-GlaxoSmithKline (Ox-(
the 15 most significant regions (n>
three loci associated with number d
per day. The strongest association w
SNP in the nicotinic receptor gene ¢
1.03, standard error (s.e.) = 0.053,
SNPs (rs1329650[G], B =0.367, s.¢

Meta-analysis and imputation refines the association of

15q25 with smoking quantity

Smoking is a leading global cause of disease and mortality’.

We established the Oxford-GlaxoSmithKline study (Ox-GSK) to
perform a genome-wide meta-analysis of SNP association with
smoking-related behavioral traits. Our final data set included
41,150 individuals drawn from 20 disease, population and control
cohorts. Our analysis confirmed an effect on smoking quantity
atalocus on 15¢q25 (P=9.45 x 10719 that includes CHRNAS,
CHRNA3 and CHRNB4, three genes encoding neuronal nicotinic
acetylcholine receptor subunits. We used data from the 1000
Genomes project to investigate the region using imputation, which
allowed for analysis of virtually all common SNPs in the region and
offered a fivefold increase in marker density over HapMap2 (ref. 2)

Liu et al., 2010

located within the promoter region of CHRNAS5. Conditional
analysis also identified a secondary locus (rs6495308) in CHRNA3.

Smoking behavior and nicotine dependence are multifactorial traits

with substantial genetic influences®. There is an urgent need to better

understand the molecular neurobiology of nicotine dependence in order
to design targeted, more effective therapies*. Recently; genome-wide asso-
ciation studies (GWAS) have established one locus associated with nico-
tine dependence and smoking quantity, which implicates a cluster of three
genes, CHRNAS5, CHRNA3 and CHRNB4 on chromosome 15q25, which
encode neuronal nicotinic acetylcholine receptor subunits®?. This locus




Genome Wide Association with Cigarettes per Day
A Proxy for Nicotine Use Disorder
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Chapter 4

Cessation — the ultimate goal




Smoking Cessation

Never Use
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Genetic Variants Predict Smoking Cessation Success

Interplay of Genetic Risk Factors
(CHRNA5-CHRNA3-CHRNB4) and Cessation Treatments
in Smoking Cessation Success

Li-Shiun Chen, M.D., M.P.H., Sc.D.
Timothy B. Baker, Ph.D.
Megan E. Piper, Ph.D.

Naomi Breslau, Ph.D.

Objective: Smoking is highly intractable,
and the genetic influences on cessation
are unclear. Identifying the genetic factors
affecting smoking cessation could eluci-
date the nature of tobacco dependence,
enhance risk assessment, and support de-
velopment of treatment algorithms. This
study tested whether variants in the nico-

$mls  mmmae 4w e~ lierdtae FIIDAIAC

Results: The genetic variants in the
CHRNA5-CHRNA3-CHRNB4 region that pre-
dict nicotine dependence also predicted a
later age at smoking cessation in the com-
munity sample. In the smoking cessation
trial, haplotype predicted abstinence at
end of treatment in individuals receiving
placebo but not among individuals re-
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Genetic Variation (CHRNAS), Medication (Combination Nicotine
Replacement Therapy vs. Varenicline) and Smoking Cessation*

Li-Shiun Chen'2, Timothy B. Baker®, Douglas Jorenby3, Megan Piper3, Nancy Saccone?,
Eric Johnson®, Naomi Breslau®, Dorothy Hatsukami’, Robert M. Carney’, and Laura J.
Bierut':?
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JOURNAL of the

NATIONAL CANCER INSTITUTE

CHRNAS Risk Variant Predicts Delayed Smoking
Cessation and Earlier Lung Cancer Diagnosis—A
Meta-Analysis

Li-Shiun Chen, Rayjean J. Hung, Timothy Baker, Amy Horton,

Rob Culverhouse, Nancy Saccone, Iona Cheng, Bo Deng, Younghun Han, Helen M. Hansen,
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Median age of smoking cessation Median age of lung cancer diagnosis

Low genetic risk 52 years Low genetic risk 65 years
High genetic risk 56 years High genetic risk 61 years




Chapter 5

On the road to precision health




The Challenge...
moving science into the community
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The world’s most important health research
database

u . Data drives discovery. We have curated a uniquely powerful biomedical database
that can be accessed globally by approved researchers. Use our secure cloud-
based platform to explore de-identified data from half a million UK Biobank

participants and enable new discoveries to improve public health.

About our data m




UK Biobank dataset - Demographics and sample characteristics by smoking status

Age (years)

Sex, n (%)

Education (years)

Age started smoking (years)

Duration smoked (years)

Pack years of smoking

| Smokingstatus |
Total Current Former
142,973 40,988 101,985
57.5+7.9 54.8 +8.1 58.6+7.5
65,383 (45.7) 19,138 (46.7) 46,245 (45.3)
77,590 (54.3) 21,850 (53.3) 55,740 (54.7)
13.2+5.1 12.6+5.0 13.5+5.2
17.3+3.6 17.5+4.3 17.2+3.3
26.6+12.9 37.3+9.0 22.3+11.6
24.5+19.2 29.9+19.3 22.3+18.8

ington University School of Medicine in St.I ouis

Department of Psychiatry
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How to apply genetic knowledge into precision health

* Complex behaviors and diseases occur as a result of many
genomic variants, paired with environmental influences.

* A polygenic score tells you how a person’s genomic risk
compares to others.

ington University School of Medicine in St.I ouis



Across a population, a polygenic score is a normal distribution

0.4 1

* Over 100,000
variants
contribute to
our genetic
profile.

0.3 1

0.2 1

0.1

0.0 1

5.0 25 0.0 25 5.0




People with a higher polygenic risk are more likely
to continue smoking at age 40, 50, and 60

Proportion continued smoking

score decile JwV-{=F:10) Age 50 Age 60
0.41 0.18 0.04
0.42 0.20 0.05
0.44 0.21 0.06
0.47 0.23 0.07
40-50% 0.50 0.28 0.10
0.55 0.34 0.14
0.62 0.44 0.24
0.74 0.59 0.41
0.86 0.78 0.67
0.96 0.93 0.90
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We selected a threshold of the lower 60% of risk

Proportion continued smoking

score decile JwV-{=F:10) Age 50 Age 60
0.41 0.18 0.04
0.42 0.20 0.05
0.44 0.21 0.06
0.47 0.23 0.07
40-50% 0.50 0.28 0.10
50-60% 0.55 0.34 0.14
60-70% 0.62 0.44 0.24
0.74 0.59 0.41
0.86 0.78 0.67
0.96 0.93 0.90

ington University School of Medicine in St.I ouis



Proportion smoking by
polygenic score

The lowest polygenic score group -
lowest 60%, by age 40 half have quit
smoking and by age 60 most have
quit.
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Proportion smoking by
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The lowest polygenic score group - lowest 60%, by age 40
half have quit smoking and by age 60 most have quit.

60% - 70% group —
Median age of quitting smoking is 48
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The time is now for precision health

* A person’s genetic variation predicts their difficulty quitting
smoking and smoking related health outcomes.

* Those at highest genetic risk need to strongest treatment to
successfully quit smoking.

e Should we consider harm reduction strategies for those at
highest genetic risk?
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