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Data from the Million Woman Study  ELCC 15/18 Apr. 2015, Geneva 
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Role  of tobacco carcinogens in broncho-pulmonary 

carcinogenesis... 

ELCC 15/18 Apr. 2015, Geneva 
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A cyclic nucleus given by 

Benzo(a)pyrene misleads DNA 

polymerase 

Transversions G->T are linked to direct  

interaction DNA/ tobacco Benzo(a)pyrene 

C 

G 

T 

purins 

pyrimidins 

ELCC 15/18 Apr. 2015, Geneva 

 2 genes uppermost altered c/o smokers: p53 et K-Ras 
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But not all Smokers will suffer from Lung cancer 

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

 a genetic susceptibility as the basis for such 

risk disparities ? 
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Patients  with the  same diagnosis 

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

Patients with the same disease  

« responders » 

« non responders »  

Reference Treatment 

Personalized treatment ? 

« responders » 

but treatment toxicity 

NEJM 2010 

ELCC 15/18 Apr. 2015, Geneva 

      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 ? 
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Scan genome for all in DNA  
collection with 317,000 variants 

Identify regions of marked 
differences in frequencies 

of variants in cases/controls 

Confirm in additional larger 
 collections  

Detection of frequent disease-associated 
variants: genome-wide association studies 

case 

control 

1. 

2. 

case 
control 

3. 
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International consortiums in Cancer Genomics 

 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 al. Am J Hum Genet 85:679-691,2009.  

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

 Kidney cancer: Gudmunsson et al. Nat Commun;4:2776,2013 

                       Henrion et al. Hum Mol Genet;22: 825-31, 2013 

                       Perdue et al. Nat Genet;43(1):60-5,2011 

 Melanoma: Bishop et al. Nat Genet. 41:920-5, 2009 

 Glioma: Shete et al. Nat Genet. 41:899-904, 2009 

 Breast cancer: Reeves et al. Jama 304:426-434, 2010    

              Travis et al. Lancet 375:2143-2151, 2010 

 Prostate cancer: Al Olama et al. Nat Genet 2014,46: 1103-09 

 Pancreatic cancer: Wolpim et al. Nat Genet 2014,46:994-1000  
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A SNP Identification 

  

10-5 
< 0.00001 

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An external file that holds a picture, illustration, etc.
Object name is nihms115953f1.jpg [Object name is nihms115953f1.jpg]&p=PMC3&id=2713680_nihms115953f1.jpg
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GWAS: n markers => n.104 subjects (patients & controls) 

Manolio T.A. NEJM, 2010, 363: 166-76 ELCC 15/18 Apr. 2015, Geneva 
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Meta-analysis of replication studies, individually negative, could be positive 

Here the 

powers are 

added 

10-13 

10-6 

10-4 

10-3 

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

Study Case Cont rols Count ries of  Origin

Cent ral Europe 1 841 2 441 6 Eastern European count ries

Toronto 330 500 Canada

HUNT2/ TromsØ 403 412 Norway

CARET 397 392 USA

Total 2 971 3 745

EPI C 1 213 2 591 10 Western European count ries

Szczecin 908 1 037 Poland

CARET2 363 1 128 USA

Liverpool 415 817 UK

Total 2 899 5 573

Overall Total 5 870 9 318

Genome- Wide Associat ion

Replicat ion

1 

1 After QC & PCA  

samples in 1st phase GWA 

Hung RJ Nature 452(7187):633-7, 2008  

2nd phase GWA 

3rd phase GWA 

ELCC 15/18 Apr. 2015, Geneva 
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P = 10-10 

1989 lung cancer cases 

2625 hospital matched controls 

310,023  SNPs  

Genome-wide significance 
p<5x10-7 

Lung cancer 1st phase GWA scan 

10-10 

ELCC 15/18 Apr. 2015, Geneva 
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Lung cancer 1st phase GWA scan 

10-10 

ELCC 15/18 Apr. 2015, Geneva 
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Lung cancer association region 

CHRNA3,CHRNA5,CHRNB4  
Nicotinic acetylcholine receptor subunits expressed in multiple 

cell types 
Bind to nicotine and potent lung carcinogens 

10-10 

Identification  
of a DNA region   
encoding for 

3 subunits 

composing the 

nicotinic 

acetylcholine 

receptor  

ELCC 15/18 Apr. 2015, Geneva 
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G C A G T G G A C A A T T A G A G A A G G G A C 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 

A T C A C A A G G G G C C G T G A C T A A A G T 0.34 0.28 0.37 0.27 0.32 0.29 0.33 0.28 0.36 0.29 0.35 0.28 0.35 0.28 

G C A G T G G A C A A C C G T G A C T A A A G T 0.04 0.03 0.03 0.04 0.05 0.03 0.04 0.03 0.04 0.03 0.02 0.03 0.06 0.02 

G C A G T G G A C A A T T A G A G A A G G G A T 0.03 0.03 0.03 0.03 0.04 0.03 0.02 0.04 0.02 0.03 0.02 0.03 0.02 0.02 

A T C A C A A G G G G T T A G A G A A G G G A C 0.02 0.02 0.01 0.02 0.01 0.02 0.02 0.02 0.01 0.03 0.03 0.02 0.03 0.02 

Lung cancer association region 

10-10 

ELCC 15/18 Apr. 2015, Geneva 
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nAchR – polymorphism 

nAChR, a5 subunit 

Polymorphism: rs 16969968 

rs – Reference SNP 

SNP – single nucleotide polymorphism 

Exon 5, Codon 398 

Chromosome region 15q25 

Asp (D)   Asn (N) 
NH2CHCH2COHOCOHO NH2CHCH2COHOCNH2O

central part of the  

2nd intracellular loop 

G (65%)  A (35%) 

ELCC 15/18 Apr. 2015, Geneva 

Why ? How ? 
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nAChR and proliferation 
NICOTINIC acetylcholine receptors... 

...bind nicotine ! 

ELCC 15/18 Apr. 2015, Geneva 

Why ? How ? 
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Lung cancer UADT cancer 

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

The 398 SNP, rs16969968, (15q25) and risk of smoking 
related lung (but not UADT) cancer 

 OR for  Lung Cancer: AA=1.77 

                                   GA= 1.22 
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SNP in codon 398 (SNP 968) : linkage disequilibrium with another SNP in gene promoter 

Why ? How ? 

JNCI 2010, 102: 1366-70 

Overexpression of CHRNA5 

receptor 

ELCC 15/18 Apr. 2015, Geneva 
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Oncogenic role for Nicotine & AChRs ?  

Nicotine induces HIF1a & VEGF expression 

hypoxia 

HIF1a 

... anti-VEGF therapies 

could be impaired in 

active smokers 

Zhang Q et al. CCR 2007 

ELCC 15/18 Apr. 2015, Geneva 
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Why? How ? 

CHRNA3 et CHRNB4 are  

methylated in NSCLC 

(36 to 24%) and not expressed:                                    

 

CHRNA3 is pro-apoptotic in 

bronchial cells 

 

CHRNA5 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 

ELCC 15/18 Apr. 2015, Geneva 
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“This model suggests that the high−risk 

a5 protein variant (398N) may exert a 

less potent negative regulatory effect 

on nicotine signaling than the low−risk 

protein variant (398D), thus making 

cells more susceptible…. to 

proliferation or migration” 
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         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=35,7%, AA=17%, GA=47% in NSCLC cases,  in the series by  Lips EH et al., 

Int J Epidemiol 2009, on 3306 cas) 

CHRNA5 SNP968 (398N) 

16,6% 

51% 

32% 

1 

2 

3 

GG 

GA 

AA 

ELCC 15/18 Apr. 2015, Geneva 

G. Levallet,                      

G. Zalcman, P. Hainaut 

(unpublished) 



Pré-Catelan 15 octobre  2010 

Variable Modalités HR Borne inf 

IC95% 

Borne sup 

IC95% 

p 

CHRNA5 AA 0.569 0.288 1.124 0.1047 

GG 0.794 0.490 1.286 0.3482 

AG 1 - - 

GA 

GG 

AA 

Bio-IFCT 0002 

CHRNA5 stimulates proliferation: AA inactive CHRNA5 ? 

                                                      GA: increase activity of CHRNA5 ? 

ELCC 15/18 Apr. 2015, Geneva 

   G. Levallet,               

G. Zalcman, P. Hainaut 

(unpublished) 
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The other SNP rs8034191 (15q25.1) 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? 

Amos CI et al., Nature Genetics 2008 

Adjustment on sex, age, pack-years 
rs8034191 

Wild−type Allele = AA 

ELCC 15/18 Apr. 2015, Geneva 
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Yang IA et al. 



Pré-Catelan 15 octobre  2010 ELCC 15/18 Apr. 2015, Geneva 



Pré-Catelan 15 octobre  2010 ELCC 15/18 Apr. 2015, Geneva 

JNCI 2008, 100: 1552−56  
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2,405 never−smoker lung cancer cases vs. 7,622 controls 
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And tobacco chewing is associated with oral cancer risk : OR= 8.30 95%CI (5.78−11.93) 
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Yang IA et al. 

Susceptibility to tobacco addiction… CHRNA 3 & 5 
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Susceptibility to COPD…again CHRNA 3 & 5 

via their role in tobacco addiction ? 
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3259 Caucasian lung cancer 
cases (1rst phase + Toronto, 
HUNT2 + CARET) 

4159 matched controls 

315,194  SNPs  

Genome-wide significance 
p<5x10-7 

Lung cancer 2nd phase GWA scan 

Mc Kay, Nature Genet. 40(12):1404-6, 2008 

10-7 

ELCC 15/18 Apr. 2015, Geneva 
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Location of SNPs and mutations in TERT gene 

* 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 

Intron 2 

Landi MT et al.  Am. J Hum. Genetics 2009, 85: 679-91 

Higher risk for adenocarcinoma 

ELCC 15/18 Apr. 2015, Geneva 
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Detection & replication of lung cancer 
association on chromosome 5p 

ELCC 15/18 Apr. 2015, Geneva 
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Yang IA et al. 
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Hsiung CA et al., 2010, 6: 1-9 

10-10 5p15.33: hTERT 

13q: GCP5 

15q25 

12p RAD52 ? 

ELCC 15/18 Apr. 2015, Geneva 
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Large validation studies: time to large meta−analyses 

Timofeeva MN et al.  

...63 co−authors 

Confirms 5p 15.33 region: hTERT  impacting lung adenoK risk 

                             but also CLPTM1L gene: impacting SCC and large cell K risk 

 

Confirms 15q25 region: CHRNA5/CHRNA3/CHRNB4 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 lncRNA 

 

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

recombination 

ELCC 15/18 Apr. 2015, Geneva 
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Genetic susceptibility 2015 

 15q25.1 CHRNA3, CHRNA5, CHRNB4 : not for never smokers 
 

 5p15.33  hTERT:  telomerase catalytic sub−unit:  

                 smokers & Asian never smoker      
                                      adenocarcinomas  

                     CLPTM1L: replicated, anti−apoptotic/cytokinesis ?  

 

 6p21.33   BAT3 : regulation of p53 acetylation: replicated 

                    MSH5: DNA reparation: replicated 

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

  12p13      RAD52, DNA reparation, replicated 

                               SCC and confined to smokers 

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

ELCC 15/18 Apr. 2015, Geneva 

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 - LI 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 
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Molecular Genetics of Successful Smoking Cessation 

Uhl GR et al. Arch Gen Psychiatry. 2008; 65(6): 683–693.  

Tobacco & Genetics Consortium Nat Gen 2010, 42: 441−7 

 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 … 

CDH13: 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)  
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Lung cancer Biology is a moving science 

ELCC 15/18 Apr. 2015, Geneva 

Thank’s  
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