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Smoking & Cancer Risk

Cancer Site

RR (95% Cl)

RR (95% ClI)

Endometrium
Melanoma

Ovary

Brain

Leukaemia

Breast

Colorectum
Non-Hodgkin's lymphon
Kidney

Pancreas

Cervix

Stomach

Oesophagus

Mouth + throat

Bladder

Lung cancer, RR™~20

Data from the Million Woman Study

0.63 (0.55-0.72)
0.68 (0.57-0.80)
0.90 (0.79-1.03)
0.98 (0.76-1.26)
1.00 (0.78-1.28)
1.08 (0.99-1.18)
1.09 (0.99-1.20)
1.21 (1.03-1.40)
1.75 (1.42-2.16)
2.43 (2.01-2.94)
2.49 (1.87-3.30)
2.87 (2.27-3.64)
3.16 (2.48-4.03)
3.19 (2.51-4.06)
3.41 (2.76-4.21)
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Role of tobacco carcinogens in broncho-pulmonary

carcinogenesis...

SHS compounds

Lung

’ tumorigenesis

Global DNA
hypomethylation
Abemrant DNA —»|  Transcriptional
il L ey Chromosomal
— abemations
CpG island . _calli
hypermethylation
Histone
modifications
Chromatin
remodelling
Additional genetic or
> epigeneticalterations
Proto-oncogene Tumour-suppressor
activation gene inactivation
Selection
Mutation
Preferential DNA I DNA-damage-targeted
Sudited it i Eness ELCC 15/18 Apr. 2015, Geneva




Transversions G->T are linked to direct
Interaction DNA/ tobacco Benzo(a)pyrene
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2 genes uppermost altered c/o smokers: p53 et K-Ras
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\ h But not all Smokers will suffer from Lung cancer

White men
Small-cell
lung cancer
Central
——p Squamous-cell
compartment lung cancer

Secondary
bronchus

a genetic susceptibility as the basis for such
risk disparities ?

EastAsianwomen
Higher methylation
Smoker AdenoK | M9eX
P53G—=T
KRAS x
Higher frequency
Plssga / of KRAS mutations
e ——p Adenocarcinoma
compartment Lower methylation
\ index
- X EGFR P53 G—=A
b:)bah'y Non Smoker AdenoK| Higherfrequency
nchus of EGFR mutations
Bronchiole
Never
smokers Terminal
bronchiole

| Subramanian J. Lancet Oncol. 2008, 9:676-82 ELCC 15/18 Apr. 2015, Geneva



Personalized Medicine in Non Small Cell Lung Cancer
(NSCLC): assessing genetic susceptibility

In which regard genetic susceptibility to lung cancer could influence clinical care or
health interventions (favoring smoking cessation in high-risk patients ?)
or lung cancer screening ?

Host

}

Tumor, local environment

| Germ-line genetic profiling
=] (e.g., SNP arrays)

(" Blood-based profiling
Proteomics

Circulating DNA or RNA

Cytokine, angiogenic factors

~

Genetic or epigenetic \
Mutation

Deletion
Amplification
Translocation

L Methylation

N\

g 5
Gene expression

Expression arrays
MicroRNA profiling
&PCR-based approachesj

4 " %
Proteins

IHC

Proteomics
\_

Circulating cells (e.g., tumor,
L endothelial, lymphocytes)
v,

—

Interactions involving

the host, tumor, -

and therapy -

€ apy Persor}a!lzed
Tumor sensitivity medicine

\ <
to therapy

//

NEJM 2010
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Gérard Zalcman
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| Detection of frequent disease-associated
.| variants: genome-wide association studies

e Scan genome for all in DNA

Heontrol  collection with 317,000 variants

N
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DNA from patients and controls genotyped using
commercially available whole-genome platforms (“chips”)
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Individuals without cancer
(controls)

Individuals with cancer
(patients) l/

PHASE 1
Phase 1

[y
Using a full set of SNPs across the genome, the
genotypes of patients and controls are compared
to identify SNPs possibly associated with cancer risk

|
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/

5%-10% most significant SNPs
carried on to next phase

f
7|
/3
/7l
1/1

&/ v
PHASE 2
Phase 2
Larger set of independent patients and controls genotyped

using a custom-designed array containing the putative
SNPs identified in Phase 1

Optional Phase 3
Larger and more heterogeneous patient and control groups
may be tested to confirm the genotype associations
Number of SNPs
tested

v
PHASE 3

Number of
ELCC 15/18 Apr. 2015, Geneva

patients/controls

Stadler ZK et al. JCO 2010, 28:4255-67



International consortiums in Cancer Genomics

~ e Lung cancer: Hung et al. Nature 452:633-7, 2008;

McKay et al. Nat Genet. 40:1404-6, 2008;

Lips et al. Int. J. of Epidemiol, 2009;

Landi et a/. Am J Hum Genet 85:679-691,2009.

e Head & neck cancers: McKay et a/. PLoS Genet.;7(3):e1001333, 2011

/| o Kidney cancer: Gudmunsson et a/. Nat Commun;4:2776,2013
Henrion et a/. Hum Mol Genet;22: 825-31, 2013

Perdue et a/. Nat Genet;43(1):60-5,2011
e Melanoma: Bishop et a/. Nat Genet. 41:920-5, 2009
e Glioma: Shete et a/. Nat Genet. 41:899-904, 2009

e Breast cancer: Reeves et a/. Jama 304:426-434, 2010
Travis et al. Lancet 375:2143-2151, 2010

e Prostate cancer: Al Olama et a/. Nat Genet 2014,46: 1103-09

e Pancreatic cancer: Wolpim et a/. Nat Genet 2014,46:994-1000
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‘\) A SNP Identification
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GWAS: n markers => n.10% subjects (patients & controls)
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\ I\/ﬂeta-analysis of replication studies, individually negative, could be positive

Replications: Study 1
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Meta-analysis

Here the
powers are
added
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Manolio T.A. NEJM, 2010, 363: 166-76 ELCC 15/18 Apr. 2015, Geneva
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Lung cancer samples: IARC & CEPH

International Agency for Research on Cancer

~——r

Study Case Controls

Central Europe 1 841 2 441

Toronto 330 500
HUNT2/ Troms@ 403 412
CARET 397 392
Total 2 971 3 745
Replication
EPC 1213 2 591
Szczecin 908 1 037
CARET2 363 1128
Liver pool 415 817
Total 2 899 5 573
Overall Total 5870 9 318

L After QC & PCA
Hung RJ Nature 452(7187):633-7, 2008

Genome- Wide Association!

6 Eastern European countries
Canada samples in 15f phase GWA

L4521
study &
R Centre International de Recherche sur le Cancer

Countries of Origin

Norway

USA

2"dphase GWA

10 Western European countries
Poland
USA
UK

3'd phase GWA

ELCC 15/18 Apr. 2015, Geneva



.| Lung cancer 1t phase GWA scan

Vel @ 1989 lung cancer cases
| '1 v‘ 10-10
{1111 & 2625 hospital matched controls
4 ."‘ B e .
K/ 310,023 SNPs
"f"" 3 o o oo
T Genome-wide significance
p<5x10-7
2 a5 s
21 Log10iepacted P value - -10
,"l :: ' (_’ P 10
5 e :
f B vy . i
| - -
| o
‘y’@v \, International Agency for Research on Cancer ~ “hremasome
\/
\‘1\ ; VCen tre Intemnational de Recherche sur le Cancer ELCC 15/18 Apr. 2015, Geneva



.| Lung cancer 1t phase GWA scan
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\W/\/| Case/control association statistics
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-Log p-value

Lung cancer association region

. Identification
0 10-10 "': of a DNA region
: i-" - encoding for
N . oom, ot 3 subunits
21, S, e e, ‘o composing the
5 - o me, ¢ ety Spthast catini
o remnnonn e 77000000 7700000 nicotinic

Chromosome Position acetlehOIlne

receptor
IREB2 fhssrsrHiiHH i PSMA4 i CHRNAS ]
LOC123688 bbb CHRNAS ot  CHRNB4 i+
CHRNA3,CHRNA5,CHRNB4
Nicotinic acetylcholine receptor subunits expressed in multiple
cell types

Bind to nicotine and potent lung carcinogens

ELCC 15/18 Apr. 2015, Geneva



> ©@ ® > @ rs17483548

Lung cancer association region
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CAGTGG6 ACAAT|T 6 AG A A 66 A ¢ 0.51 0.57 0.49 0.57 0.52 0.58 0.53 0.57 0.48 0.52 0.53 0.57 0.48 0.59
TCACAAGGGGC|cle TG ACTAIAJAG T 0.340.28 0.370.270.32 0.29 0.33 0.28 0.36 0.29 0.35 0.28 0.35 0.28
CAGTG6 ACAAC|ICIGTGACTAIAJAG T 0.040.03 0.030.040.050.03 0.04 0.03 0.04 0.03 0.02 0.03 0.06 0.02
CAGTG66 ACAAT|TIAG AG AAG|IGI6 A T 0.030.03 0.030.030.040.03 0.020.04 0.02 0.03 0.02 0.03 0.02 0.02
TCACAAGGGGT|TIAG AG A AG|IGIG A ¢ 0.020.02 0.010.02 0.01 0.02 0.02 0.02 0.01 0.03 0.03 0.02 0.03 0.02
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'/ Chromosome region 15925

why ? How ?
NAchR - polymorphism

A eainzalna Lintarainheit des nicntinischoen
ACh-Raraptors

Polymorphism: rs 16969968

|
NAChR, a5 Tubunit

B hypothoticoha Anordnung dor Untarainhaitan

Exon 5, Codon 398

G (65%) — A (35%)
Asp (D) —— Asn(N)

A AN central part of the
| | | | 2nd intracellular loop

rs — Reference SNP
SNP - single nucleotide polymorphism ELCC 15/18 Apr. 2015, Geneva



. Why ? How ? . .
NAChR and proliferation

NICOTINIC acetylcholine receptors...
|\ ...bind nicotine !

‘ Ca™
4] |
} " M1,M3,M5 %4 -AR 'nAChR /72 -AR M2 M4
" ". ‘[L H » L[ .[ : l[ [ U ﬂ.
(] vy § :
I / ’ |
"."’ ‘ ) L4 :_ "
f
NI

v PLC / ;Kc‘§¢

», | k /,ELFK\
« s cAl

l D?G /Raf Ras \ 1

> [Ca?"); - Akt ¢
£ MAPK PKA
-2 g
SR ©
ERK Transcription factors \
e L oy \
|

Gene expression regulation
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Aversion to Nicotine Is Regulated
by the Balanced Activity of B4 and o5
: Nicotinic Receptor Subunits in the Medial Habenula

| Silke Frahm,' Marta A. Slimak," Leiron Ferrarese,' Julio Santos-Torres,? Beatriz Antolin-Fontes,? Sebastian Auer,’

._\

\
a l\-.
\:-.

\'l
\
\

B ——

Neuron

Sergey Filkin,® Stéphanie Pons,® Jean-Fred Fontaine,? Victor Tsetlin,® Uwe Maskos,** and Inés Ibafiez-Tallon™*

Institut Pasteur, Unité Neurobiologie Intégrative des Systémes Cholinergiques, Département de Neuroscience, F-75724 Paris
15, France
loledax ol Neuron 70, 522-535, May 12, 2011




.| The 398 SNP, rs16969968, (15925) and risk of smoking
\ | related lung (but not UADT) cancer

WA
\LL\i OR for Lung Cancer: AA=1.77 UADT
A : B :
rs16969968 Cases/Controls E 516969968 Cases/Controls i
Overall E Overall _:L
Co-dominant 0098477 130 123138 I Co-dominant 3066/5313 108 101115 —_
Heterozygous 192 112134 Heterozygol's 115 104178
Homozyjous 177 156201 : —*——  Homozygous 111 085128 o
By study (p= 066 9 N~
Sl aope 17902082 131 120146 | —p— ramdr (=04 e 1m0 015 —p
Toronto 323/462 130 1.04-162 ARCAGE 1553/1635 108 0881.20 ——
o niggee 148 saeln | — Latn America 142911083 110 08712 ——
Hurt/Tromsa 247326 151 117.188 : padls SR VD R ;
By smoking status (p=0489) 5 Ry nokng seatus (=00 aa 108 omaior Lo
Eg:/,?,re,sgm?;s,s 3448:%?38 Hg [Ij?i}:l‘ : Former smaokers 8831574 108 (0095173 ———
Current srmokers 25091685 133 1.21-14) +: Current smokers 2768/1303 108 085118 '_f_
; : i smoking quantl 0.21 i
?_qavg%%noquanm\v(p%%gpns 197 116481 A B“o i q(’:5;&f§03 093 083-1.19 —_—
90CPD el 130 104 g e 11-20 CPD 15951595 0938 083111 ——a—r
2x-§3c El ?4315%9 141 .gu-rbf —_ 21-:30 CPD godmmd 124 103143 e
>30 CPD 283202 132 100174 - >30 CPD 620863 106 088130 —
' |
By histol 0.41 ; By type (p=0.36) . !
g S gm 1 ug | g iR T e =
Sl cell 556417 173 108140 | —ei— Esophagus 305319 096 082113 —ef
s (ptrend= 0.001) : By Age (p-trend= 0.13)_ ; i
—_— e Under &0'yrs 739/1011 112 095-1.30 ey f——
ol 5&9 T ——————————— e i0.50yis 1333/1862 107 0.951.20 ———
Age B0-68 yrs 1607/2689 131 1.18-143 — Age 60-68 yrs 124711860 107 08512 ——
Age 70 yrs or older 7581370 117 102134 |—8—- Age 70 or older B11875 103 088122 —
By Sex (p= 0.04) ! By Sex (p=0,03) )
Men 261840 1.2 161 —+— en 3157/3304 1. 0.98-1,12 -
e P IR IRE A B e 1E B (M
| G Sy (e AT T
10 12 14 16 18 20 08 10 12 14

Lips et al. Int. J. epidemiol. Sept 2009 OR



why ? How ?

Promoter Polymorphisms and Transcript
Levels of Nicotinic Receptor CHRNAS

| Felicia S. Falvella, Antonella Galvan, Francesca Colombo, Elisa Frullanti,
Y/ Ugo Pastorino, Tommaso A. Dragani INCI 2010. 102: 1366-70

| SNP in codon 398 (SNP 968) : linkage disequilibrium with another SNP in gene promoter

1, ‘I‘v
"

* * *
2 s
S Overexpression of CHRNAS
§ 1 o i — P
= I receptor
= m—
g of I .| | :
2
©
& -2 ——
G ,‘G G ‘0 G Y
o o &% o o\"'\(\ o
\o"o \0"0 \(é‘ \0” N ¢°\<‘
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Oncogenic role for Nicotine & AChRs ?
Nicotine induces HIF1a & VEGF expression

| hypoxia

Nicotine (0.5.:M) ' Nicotine (SuM)

... anti-VEGF therapies
could be impaired in
active smokers

Zhang Q et al. CCR 2007
ELCC 15/18 Apr. 2015, Geneva




Why? How ?

q25.1
ci—’i(‘_/—’—’—/d!\]
76650000 | 76700000 |
GCpercent 1IN ML (N AN 1NN MM IIIIll-II IR
CHRNa5 ¥R 14 13
Gene location
LA CHRNu3 CHRNp4
CHRNa3 CHRNp4 CHRNa5
Blood | o e 03 Cla  Codh Coot  Gpl g1 Cpo cas Gtk Cph o st o o1 G Geeh Gy e
N AN LU T LU N = W TR A s o m.'m we om s
” : ek RE
O STLAGRV A CTTER ARV ENRIETI AT O e e R W RN SR a N SaAV ERBT 2YE” WA ATCI0T VAR MVCABATETGABTG T ETSAYTAVANCABIETS
Tumor i cper epl1 ot Cpod Cpod  Cpo? o 063 Coet Coch e oot G2 Cp6)  Cpd Cp6S Col
e BN NN BN an n-nnnJ.. BN SR M manJ—‘n\ TR [ m&‘l
Wi AGicTG T e GTCAGGT cagt l:uun.vc OTCAGRICIGAGTGYCTGATYAT AYCAGICTE
CHRNa3 CHRNj4
80 . o
g o . 4 & '
E €0 K ] ! . 5 2 80 . .
2 . . . g s
40 - § 4 A
: 3
SR AT %”HMH
LT
0 + '{" "I" % +1.3 0
e T BT B8 TETRTYRIET I_I!_IIJI_I!_TE_I'_T
CpG 1 2 3 4 5 6 71 CpG 2 7
CHRNa5
D
% 801
* oo P<0.01 P01 P<0.01 Pe0.0Y
60 b .
2 = 60
540 § - ¢
. s 401 ‘ . o
" ! : . 2 e i
0 ..__-r_i__'i-uj_' ;% :-ll- 4
s_r 3_7 LY LY &F .1 -+ f i
CpG 3 4 5 6 oLt X el
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CHRNA3 et CHRNB4 are
methylated in NSCLC
(36 to 24%) and not expressed:

CHRNA3 is pro-apoptotic in

bronchial cells

CHRNAS is never methylated
and highly expressed in
NSCLC: stimulation of cell
proliferation and migration

Link with polymorphisms ?

Paliwal A. et al. Cancer Res 2010, 70:2779-88
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Carcinogenesis vol.32 no.9 pp.1388-1395, 2011

doi:10.1093/carcin/bgr090
Advance Access publication May 17, 2011

CHRNAS as negative regulator of nicotine signaling in normal and cancer bronchial
cells: effects on motility, migration and p63 expression

Annette M.Krais', Agnés H.Hautefeuille', Marie-Pierre
Cros?, Vladimir Krutovskikh?, Jean-Marie Tournier>,

Philippe Birembaut’, Amélie Thépot', Anupam Paliwal®, N Nicothie

Zdenko Herceg’, Paolo Boffetta?, Paul Brennan® and ' ' V!

Pierre L.Hainaut™" L/ N |_*‘ ] & |
o
“';'I 2
{1 Y !B]

7 Hetero- cm0;
/| “This model suggests that the high-risk | pentameric piﬂgﬁgﬂc

/1 a5 protein variant (398N) may exert a nAChR Ca2+

| '|less potent negative regulatory effect

_f on nicotine signaling than the low-risk

’ . . .

" | protein variant (398D), thus making Migrstion ANp63
cells  more  susceptible.... to \ /
proliferation or migration” \ \: /

Cell Adhesion

ELCC 15/18 Apr. 2015, Geneva



CHRNAS5 SNP968 (398N) (NIFCT

/I 208 early stage NSCLC cancer patients of bio—IFCT
[} 0002 cohort (phase 3 trial) :
(RFLP & sequencing)
"AA": 16,6% « allele A »variant homozygous
"GA": 51,1% variant heterozygous
"GG": 32,2% « allele G wild—type » coding pour Asp

GG AA

03 G. Levallet,
G. Zalcman, P. Hainaut
(unpublished)

(GG=35,7%, AA=17%, GA=47% in NSCLC cases, in the series by Lips EH et al.,

Int J Epidemiol 2009, on 3306 cas)
ELCC 15/18 Apr. 2015, Geneva



Surwival Distribution Function

<
v
S

1

CHRNADS stimulates proliferation: AA inactive CHRNAS ?
GA: increase activity of CHRNAS ?

G. Levallet,
G. Zalcman, P. Hainaut
(unpublished)

B1o-IFCT 0002

T T T T T

20 40 60 80 100
months
STRATA: CHRNAS=AA O O & Censored CHRNAS=AA CHRNAS=GA
O & O Censored CHRANAS=GA CHRNAS5=GG 0 O O Censored CHRNAS=GG
Variable Modalités | HR Borne inf | Borne sup p
1C95% 1IC95%
CHRNA5 AA 0.569 | 0.288 1.124 0.1047
GG 0.794 | 0.490 1.286 0.3482
AG 1

ELCC 15/18 Apr. 2015, Geneva



The other SNP rs8034191 (15g25.1) is only associated to an increase of

lung cancer risk in current or former smokers
No effect in “never smokers”
Cancer risk or ou addiction risk?

»' 3.0-
,' 25

2.0

Odds ratio

Wild-type Allele = AA

rs8034191

Adjustment on sex, age, pack-years

BAA BAG OGG

Never >23y

—>

L

23-14 <14 Current smoker

Duration cessation (y)

Amos CI et al., Nature Genetics 2008 ELCC 15/18 Apr. 2015, Geneva
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Table 1. GWAS oflung cancer vs, controls,

Study Lung cancer cases (discovery set)®  Controls (discovery set) Arrays [nos. of SNPs] Chromosomal regions and main associated genes

Spinola 2007 (24) 335 smokers 338 smokers Affymetrix [ 16,204] 10p KLF6

Amos 2008 (25) 1,154 smokers 1,137 smokers lllumina [317,498]

Hung 2008 (26) 1,989 smokers 2,625 smokers lllumina [317,139]

Liu 2008 (27) 194 with familial lung cancer 219 smokers and Affymetrix [500,568 W‘

non-smokers and 906,703]

Thorgeirsson 2008 (28) |,024 smokers 32,244 controls lllumina [306,207]

McKay 2008 (29) 3,259 smokers 4,159 smokers llumina [315,194] [SpTERT-CLPTMIL] | 5q CHRNAS |

Wang 2008 (30) 1,952 smokers ,438 smokers lMumina [511,919] T3-MSHS. I5q CHRNA3

Broderick 2009 (31) 1,978 smokers, and meta-analysis 1,438 smokers, and Meta-analysis 6p BAT3-MSHS, TNXB,|I5q

meta-analysis

Landi 2009 (32) 5,739 smokers 5,848 smokers llumina [515,922]

Hsiung 2010 (33) 584 cases (never smoking females 585 controls (never lumina [610,901] [5p15 TERT-CLPTMIT]
with lung adenocarcinoma) smoking females)

Li 2010 (34) 377 never smokers 377 never smokers Mlumina [373,397 and 592,532] 1393 1.3 GPCS

Miki 2010 (35) 1,004 with lung adenocarcinoma 1,900 controls lllumina [610,901] I 3q28 TPéj Sil 5 TERT I

Yoon 2010 (36) 62| cases (smokers and never 1,541 controls (smokers Affymetrix [500,568] 3q29 C3orf21 | 5p TERT-CLPTMIL
smokers) and never smokers)

Hu 2011 (37) 2,331 cases (smokers and never 3,077 controls (smokers  Affymetrix [906,703] 5p| 5 TERT-CLPTMIL] 13q12 MIPEP-
smokers) and never smokers) TNFRSF19, 22q12 MTMR3-HORMAD2-LIF

Ahn 2012 (38) 446 never smokers 497 healthy controls Affymetrix [906,703] I18pl | FAM38B

Dong 2012 (39) 833 cases with SCC 3,094 controls Affymetrix [906,703] 12q23 SLC17A8-NRIH4

Lan 2012 (40) 5,510 never-smoking female lung 4,544 controls Various I 3q28 TPéZI Spl 5!6p2| HLA, 6q22 ROSI, DCBLDI,
cancer cases 1025 VTII A, 17q24 BPTF

Shiraishi 2012 (41) 1,722 cases (smokers and never 5,846 controls (smokers llumina [709,857] I 3q28 TP63ISpI 5 TERT.FpZI BTNL2, |7q24 BPTF
smokers) and never smokers)

Timofeeva 2012 (42) Meta-analysis: 14,900 cases 29,485 controls (smokers  Various 5pI5)6p21,J1 5925 for NSCLC] 9p21 for SCC
(smokers and never smokers) and never smokers)

Kim 2013 (43) 285 female never smokers with lung |,455 controls Affymetrix [440,794] 2pl6 NRXN |

cancer

" In Tables 1 to 3, discovery study details have been included, and replication study samples sizes have not been included. For details, see http://www.genome.gov/gwastudies.

Yang IA et al. Journal of Thoracic Disease, Vol 5, Suppl 5 October 2013

ELCC 15/18 Apr. 2015, Geneva



July 2008 | Volume 4 | Issue 7 | e1000125

PLO§

.,\‘

' A Candidate Gene Approach Identifies the CHRNA5-A3-
| B4 Region as a Risk Factor for Age-Dependent Nicotine
\ Addiction

SNP Gene Location g::n::n' m;:;r Early onset of daily smoking by 16 Late onset of daily smoking after 16
Frequency: Allelic OR Frequency: Allelic OR
Low, High® p-Value (95% Cl) Low, High® pValue (95% ClI)
rs17486278 CHRNAS intron 1 76654537 C 0.279, 0.417 0.0005 185 (1.31-2.62) 0403, 0395 0.81 0.96 (0.72-129)
rs680244 CHRNAS intron 1 76658343 A 0461, 0419 032 084 (0.61-1.17) 0406, 0401 0.88 0.98 (0.73-131)
rs569207 CHRNAS intron 1 76660174 A 0.260, 0.167 0.0042 057 (0.39-0.84) 0.191, 0203 0.68 1.08 (0.75-1.54)
rs555018 CHRNAS intron 3 76666297 C 0.462, 0.415 025 083 (0.60-1.15) 0407, 0400 0.85 0.97 (0.73-1.30)
rs 16969968 CHRNAS Asn348Asp 76669980 A 0.284, 0.415 0.0009 179 (1.27-2.54) 0401, 0400 0.97 1.00 (0.75-1.33)
15578776 CHRNA3 3' UTR 76675455 T 0317, 0.218 0.0048 060 (0.42-0.86) 0218, 0223 0.87 1.03 (0.73-145)
rs1051730 CHRNA3 Gly394Gly 76681394 T 0.284, 0415 0.0009 179 (1.27-2.54) 0.398, 0401 0.93 1.01 (0.76-1.35)
rs2869546 CHRNA3 intron 4 76694400 C 0.394, 0.374 061 092 (0.66-1.28) 0384, 0374 0.77 0.96 (0.72-1.28)
rs7177514 CHRNA3 intron 4 76694461 G 0.341, 0.235 0.0032 059 (0.42-0.84) 0229, 0245 0.59 1.10 (0.78-153)
1512443170 CHRNA3 intron 4 76694791 A 0.149, 0.096 0.038 061 (0.38-0.98) 0.111, 0.148 0.13 1.39 (091-2.13)
rs11636605 CHRNB4 intron 1 76715933 A 0.212, 0.156 0072 069 (0.46-1.04) 0.159, 0.182 0.40 1.18 (080-1.72)
rs11633223 CHRNB4 5' flank 76722531 C 0.414, 0378 037 0.86 (0.62-1.20) 0384, 0376 0.81 0.96 (0.72-129)
rs3971872 CHRNB4 5' flank 76729090 T 0.096, 0.092 086 0.95 (0.55-1.65) 0.068, 0.079 0.57 1.17 (068-2.02)

ELCC 15/18 Apr. 2015, Geneva



caTion JINCI 2008, 100: 1552-56

The CHRNAS5-A3 Region on Chromosome
15q24-25.1 Is a Risk Factor Both for
Nicotine Dependence and for

Lung Cancer

Margaret R. Spitz, Christopher I. Amos, Qiong Dong, Jie Lin, Xifeng Wu

Smoking intensity and dependence by rs1051730 genotype*

Case subjects Control subjects

-‘;‘f: Genotype n  Cig/d Pvaluet n  FTNDscore Pvaluet n  Cig/d Pvaluet n  FTINDscore Pvaluet

GG 685 27.16 583 4.68 764  25.06 729 4.13
AG 869 27.09 733 4.63 770 2599 733 427
AA 300 29.80 004 259 5.13 012 193  29.36 <.001 187 5.10 <.001

* N=number of case or control subjects used to analyze a given smoking behavior; Cig=cigarettes; FTND = Fagerstrom Test for Nicotine Dependence.
t From Kruskal-Wallis test.

ELCC 15/18 Apr. 2015, Geneva
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\ April 2011 | Volume 6 | Issue 4 | e19085 @ PIoS one

. Chromosome 15q25 (CHRNA3-CHRNAS) Variation
\ Impacts Indirectly on Lung Cancer Risk

Yufei Wang', Peter Broderick’, Athena Matakidou?, Timothy Eisen?, Richard S. Houlston'*

’l 1 Section of Cancer Genetics, Institute of Cancer Research, Sutton, Surrey, United Kingdom, 2 Department of Oncology, Cambridge University, Cambridge, United

Kingdom
A\ 2,405 never-smoker lung cancer cases vs. 7,622 controls v
:: Study Odds ratio (95> Oe( S
I/ co
;‘,«' 6\\)(\9
Shiraishi et al., 2009 - N \\
RO0
A\ S
Favella et al., 2009 = 25 N e\ - 0.79-1.81)
Spiltz et al., 2008 p e \\ _ ®) 0.94 (0.79 -1.12)
et e
Hung et al ﬂé\ a{\o(\ A0 i\ 1.27 (1.09 -1.49)
g0
| WO 25 - 1.02 (0.91 -1.15)
.‘
|' owdy —. : 0.92 (0.74 -1.15)
Overall <O 1.06 (0.99 -1.15)
| ‘ {
| 0.5 1.0 20 40

Odds ratio ELCC 15/18 Apr. 2015, Geneva



February 2014 | Volume 9 | Issue 2 | 88240 @PLOS'ONE

Genetic Variants in Nicotine Addiction and Alcohol
Metabolism Genes, Oral Cancer Risk and the Propensity
to Smoke and Drink Alcohol: A Replication Study in India

Devasena Anantharaman’, Amélie Chabrier?, Valérie Gaborieau’, Silvia Franceschi?, Rolando Herrero?,
Thangarajan Rajkumar®, Tanuja Samant®, Manoj B. Mahimkar®, Paul Brennan’, James D. McKay?*
Propéﬁsity to chew tobacco” (Chewing events/day)

rs16969968 (CHRNAS)

Race model” 622 1.13 (1.01- 1.25) 003

Base+ smoking frequency 622 1.13 (1.01- 1.26) 003

Base, among never smokers only 446 1.19 (1.06~ 1.34) 0.003
rs578776 (CHRNA3)

Base model® 613 091 (0.84- 0.99) 004

Base+ smoking frequency 613 091 (0.84- 0.99) 004

Base, among never smokers only 435 0.88 (0.81~ 0.97) 001

And tobacco chewing is associated with oral cancer risk : OR= 8.30 95%CI (5.78-11.93)

Pré-Catelan 15 octobre 2010



Susceptibility to tobacco addiction... CHRNA 3 & 5

~ :'\ '\ '
\:-. i

Table 2. GWAS of smoking behaviour (selected studies).

Study Subjects Arrays (nos. of SNPs)  Chromosomal regions and main associated genes

Liu 2010 (60) 41,150 from 20 cohorts  Various (>500,000) | 15g CHRNA3 and CHRNAY with smoking quantity

Tobacco and Genetics 74,053 from 16 cohorts ~ Various (>500,000) 10q25 various geneslng CHRNAY, 19q EGLN2 with

Consortium 2010 (61) smoking quantity; | | p BDNF with smoking initiation; 9q

DBH with smoking cessation

Thorgeirsson 2010 (62) 31,266 and 46,481 Various (>500,000) 8p CHRNB3| 15q CHRNA3 and CHRNAY| 19q CYP2A6
subjects from cohorts with smoking quantity

Siedlinski 201 1 (63) 3,441 ever-smoking llumina (>500,000) | 15q CHRNA3 and CHRNA 19q CYP2A6 with smoking
patients with COPD quantity; 2q2| intergenic region, 6p2 | HLA with smoking

initiation; 9q DBH with smoking cessation

Yang |A et al. Journal of Thoracic Disease, Yol 5, Suppl 5 October 2013

ELCC 15/18 Apr. 2015, Geneva



Susceptibility to COPD...again CHRNA 3 & 5

GWAS of COPD s. controls.

Study AR e oy Ao o ol CHTIGRE RO
(discovery) main associated genes

Wilk 2009 (71) 7,691 Framingham study participants, plus ~ Affymetrix (550,000)  4q31 HHIP
replication cohort

Pillai 2009 (72) 823 COPD 810 smokers lllumina (56 1,466) 4q31 HHIP {15q CHRNA3, CHRNAS

Cho 2010 (73) 2,940 COPD 1,380 smokers Various (>500,000)  4q24 FAMI3A

Cho 2012 (74) 3,499 COPD 1,922 controls lllumina (>500,000)  4q24 FAMI3A, 19q13 RAB4B, EGLN2,

CYP2A6
Wilk 2012 (75) 3,368 COPD, plus 29,507 controls ~ Various (>500,000-  5qHTR4; [5q AGPHDI, IREB2 ,‘ CHRNAS,

replication cohort

meta-analysis

via their role in tobacco addiction ?

Pré-Catelan 15 octobre 2010



.| Lung cancer 2nd phase GWA scan

v 3259 Caucasian lung cancer
\ /| cases (1rst phase + Toronto,
LAY ? HUNT2 + CARET)

‘v; N 4159 matched controls

[
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315,194 SNPs
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Mc Kay, Nature Genet. 40(12):1404-6, 2008 ELCC 15/18 Apr. 2015, Geneva



Location of SNPs and mutations in TERT gene
.'h Higher risk for adenocarcinoma

chr5: 1306282-1348162

Intron 2
16 15 14 13 12 11 10 © 8 7 65 4 3 2

LU ok L & * L]
ook

rs2736100 rs2853676
* Known mutations that compromise telomerase activity

rs2736100 is also associated with susceptibility to sporadic idiopathic

pulmonary fibrosis (IPF) ...and IPF patients develop lung cancer... but IPF is
also linked to tobacco smoking

rs2736100 is also associated with an increased risk of glioma ans pancreas K

Landi MT et al. Am. J Hum. Genetics 2009, 85: 679-91 ELCC 15/18 Apr. 2015, Geneva



Detection & replication of lung cancer
association on chromosome 5p

5402710 OR  95%Cl i i 12736100 OR  95%CI
Overall ' ' Overall
Per allele 1.18 1.12-1.24 Per allele 1.14  1.08-1.20
Heterozygous 1.18 1.05-1.33 Heterozygous 107 088147
Homozygous 140 1.24-157 Homozygous 129  1.17-1.43
By study (p=0.60) By study (p= 0.40}
Central gurupe 122 1.11-1.38 Central Europe 1. 1.08-1.29
Toronto 1.15 0.92-1.45 Toronto 1.06 0.86-1.30
HUNT2Tromse  1.22 0.991.50 HUNT2Tromse 112 0.92-1.37
CARET 133 1.081.65 CARET 1.3 1.07-1.80
EEEET 1.1 1.00:1.23 {E:E llgi}ET 1.04  0.94-1.15
2 1.07 0890H1.29 —/——L ' 2 - -
Liverpool 131 1.081.59 - S S Liverpool 1.14  0.94-1.37
Szczecin 1.21 1.06-1.38 ——— —— Szezecin 1.5 1.02-1.31
GWA 122 1.131.32 81— p=2x107 o p=dx10° GWA 118 1.10-1.26
Replication studies 1.15  1.07-1.24 —&—  p=Tx10° —&- p=0.016 Replication studies 1.09  1.02-1.17
T | | l 1
1.0 12 14 16 10 12 14 16
OR OR

ELCC 15/18 Apr. 2015, Geneva
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Table 1. GWAS oflung cancer vs, controls,

Study Lung cancer cases (discovery set)®  Controls (discovery set) Arrays [nos. of SNPs] Chromosomal regions and main associated genes

Spinola 2007 (24) 335 smokers 338 smokers Affymetrix [ 16,204] 10p KLF6

Amos 2008 (25) 1,154 smokers 1,137 smokers lllumina [317,498]

Hung 2008 (26) 1,989 smokers 2,625 smokers lllumina [317,139]

Liu 2008 (27) 194 with familial lung cancer 219 smokers and Affymetrix [500,568 W‘

non-smokers and 906,703]

Thorgeirsson 2008 (28) |,024 smokers 32,244 controls lllumina [306,207)

McKay 2008 (29) 3,259 smokers 4,159 smokers llumina [315,194] [SpTERT-CLPTMIL] | 5q CHRNAS |

Wang 2008 (30) 1,952 smokers ,438 smokers lMumina [511,919] T3-MSHS. I5q CHRNA3

Broderick 2009 (31) 1,978 smokers, and meta-analysis 1,438 smokers, and Meta-analysis 6p BAT3-MSHS, TNXB,|I5q

meta-analysis

Landi 2009 (32) 5,739 smokers 5,848 smokers llumina [515,922]

Hsiung 2010 (33) 584 cases (never smoking females 585 controls (never lumina [610,901] [5p15 TERT-CLPTMIT]
with lung adenocarcinoma) smoking females)

Li 2010 (34) 377 never smokers 377 never smokers Mlumina [373,397 and 592,532] 1393 1.3 GPCS

Miki 2010 (35) 1,004 with lung adenocarcinoma 1,900 controls lllumina [610,901] I 3q28 TPéj Sil 5 TERT I

Yoon 2010 (36) 62| cases (smokers and never 1,541 controls (smokers Affymetrix [500,568] 3q29 C3orf21 | 5p TERT-CLPTMIL
smokers) and never smokers)

Hu 2011 (37) 2,331 cases (smokers and never 3,077 controls (smokers  Affymetrix [906,703] 5p| 5 TERT-CLPTMIL] 13q12 MIPEP-
smokers) and never smokers) TNFRSF19, 22q12 MTMR3-HORMAD2-LIF

Ahn 2012 (38) 446 never smokers 497 healthy controls Affymetrix [906,703] I18pl | FAM38B

Dong 2012 (39) 833 cases with SCC 3,094 controls Affymetrix [906,703] 12q23 SLC17A8-NRIH4

Lan 2012 (40) 5,510 never-smoking female lung 4,544 controls Various I 3q28 TPéZI Spl 5!6p2| HLA, 6q22 ROSI, DCBLDI,
cancer cases 1025 VTII A, 17q24 BPTF

Shiraishi 2012 (41) 1,722 cases (smokers and never 5,846 controls (smokers llumina [709,857] I 3q28 TP63ISpI 5 TERT.FpZI BTNL2, |7q24 BPTF
smokers) and never smokers)

Timofeeva 2012 (42) Meta-analysis: 14,900 cases 29,485 controls (smokers  Various 5pI5)6p21,J1 5925 for NSCLC] 9p21 for SCC
(smokers and never smokers) and never smokers)

Kim 2013 (43) 285 female never smokers with lung |,455 controls Affymetrix [440,794] 2pl6 NRXN |

cancer

" In Tables 1 to 3, discovery study details have been included, and replication study samples sizes have not been included. For details, see http://www.genome.gov/gwastudies.

Yang IA et al. Journal of Thoracic Disease, Vol 5, Suppl 5 October 2013

ELCC 15/18 Apr. 2015, Geneva
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. The 5p15.33 Locus Is Associated with Risk of Lung
Adenocarcinoma in Never-Smoking Females in Asia
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Large validation studies: time to large meta—analyses

Timofeeva MN et al.
...63 co—authors

129 485 controls

Human Molecular Genetics, 2012, Vol. 21, No. 22
doi:10.1093/hmg/dds334
Advance Access published on August 16, 2012

49804995

Influence of common genetic variation on lung
‘|cancer risk: meta-analysis of 14 900 cases and

//Confirms 5p 15.33 region: hTERT impacting lung adenoK risk
but also CLPTM1L gene: impacting SCC and large cell K risk

~ Confirms 15925 region: CHRNAS5/CHRNA3/CHRNBA4 nicotinic subunits genes
non specific histological effect

Confirms 6p21-6p22 region: BAT3 p53 acetylase

MSH5 DNA mismatch repair gene

Suggests 9p21 region: p16/p14ARF (CDKN2 A & B) cell cycle or p53 regulators
ANRIL intronic IncRNA

Suggests 12p13.33 region: RAD52 DNA double-strand repair & homologous

recombination

ELCC 15/18 Apr. 2015, Geneva




Genetic susceptibility 2015

e 15925.1 CHRNA3, CHRNA5, CHRNB4 : not for never smokers

N 5p15.33 hTERT: telomerase catalytic sub-unit:

/] smokers & Asian never smoker
'/ adenocarcinomas

CLPTM1L: replicated, anti-apoptotic/cytokinesis ?

e 6p21.33 BAT3 : regulation of p53 acetylation: replicated
MSHb5: DNA reparation: replicated

e 13q31.3 GPC5, not replicated (never smokers)

o 12p13 RAD52, DNA reparation, replicated
SCC and confined to smokers

e 9p21 p16 / p14ARF & ANRIL : replicated in Han Chinese SCC

Wang Y, Carcinognenesis 2010;31:234-8 - Baird DM, Expert Rev Mol med 2010; 18:12:e16 - Truong T, J Natl
cancer Inst 2010;102:959-71 - Liu P, Cancer Epidemiol Biomarkers Prev 2010;19:517-24 - L1 Y, Lancet Oncol
2010;11:321-30; Timofeeva MN, Hum Mol Gen 2012;21: 4981-94; Shi J et al. Cancer Discov. 2012, 2:

131-39 ELCC 15/18 Apr. 2015, Geneva



Molecular Genetics of Successful Smoking Cessation

European American smokers who successfully vs. unsuccessfully
abstain from smoking with biochemical confirmation, in a smoking
cessation trial using NRT, bupropion, or placebo (n=550).

=>» No overlap susceptibility genes to nicotine addiction ...
CDHJ13: inhibits neurite extension
Neurexin 3: presynaptic protein linked to dependance to illegal substance

DSCAM: required for appropriate neuronal connections for memory associated circuit

PRKG1: cGMP-dependent protein kinase 1
Still to be replicated....

In addition to 9q region previously reported:
including DBH (Dopamine Beta Hydroxylase)

Uhl GR et al. Arch Gen Psychiatry. 2008; 65(6): 683—693.
Tobacco & Genetics Consortium Nat Gen 2010, 42: 441-7 ELCC 15/18 Apr. 2015, Geneva



Lung cancer Biology is a moving science
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HAMBONE by Mike Flanagan
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