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IntroducPon	

Le	cancer	est	une	maladie	généPque	
-  Remaniements	chromosomiques	
(translocaPon,	polysomie)	

-  MutaPons	(EGFR,	PTEN,	P53,…)	

	

	
	

Bases*moléculaires*du*cancer*
•  Le*cancer*est*une*maladie*génétique*:*

•  Remaniements'chromosomiques':*

•  Polysomie*
•  Translocation*
•  Inversion*
•  Perte*ou*duplication*

3*



IntroducPon	
Les	anomalies	peuvent	être:		

→ Acquise	(soma-que)		
N’était	pas	présente	iniPalement	dans	le	génome	de	la	cellule		
Peut	être	à	l’origine	d’un	clone	cellulaire	porteur	de	ce\e	
mutaPon		
N’est	pas	transmissible	à	la	descendance		

→ Cons-tu-onnelle	(germinale)	
présente	dans	toutes	les	cellules	somaPques	de	l’individu	et	
dans	ses	cellules	germinales		
est	transmissible	à	la	descendance		
	

Environ	5-10%	des	cancers	se	développent	dans	un	contexte	de	
prédisposiPon	généPque	

*Sobol et Al. NEJM 1989, Stoppa Lyonnet et Al. Med Sci 2005 



PrédisposiPon	généPque	au	
cancer	

→ Un	facteur	héréditaire	est	soupçonné	devant	une	
agrégaPon	familiale	de	cancers	:	
→ le	plus	souvent	d’appariPon	précoce,		
→ mulPfocale,		
→ une	bilatéralité	des	a\eintes		
→ ou	l’existence	de	tumeurs	primiPves	mulPples	chez	un	même	

sujet	de	manière	synchrone		
→ ou	successive	sur	une	période	plus	ou	moins	grande.		

→ Ce\e	situaPon	clinique	ne	concerne	en	fait	que	les	
pathologies	ayant	un	mode	de	transmission	mendélien	
(dominant	ou	récessif).		



•  Cancers	rares	et	syndromes	héréditaires	se	transme\ant	

selon	les	lois	de	Mendel	(	ex	:	RéPnoblastome	et	gène	Rb1)	

•  Agréga3ons	familiales	de	tumeurs	communes	(Ex	:	

Syndrome	HNPCC)	

PrédisposiPon	généPque	au	
cancer	



•  Syndromes	avec	anomalies	de	structure	ou	de	nombre	de	

chromosomes	(	ex:	le	cancer	du	sein	et	le	syndrome	de	

Klinefelter)	

•  Suscep3bilité	géné3que	au	cancer	en	l’absence	
d’agréga3on	familiale	évidente	

PrédisposiPon	généPque	au	
cancer	



Tableau	INCA		des	principales	
prédisposiPons	et	des	gènes	
associés.	

*Source INCA 
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Introduction

Le cancer bronchique est la principale cause de décès par 
cancer chez les hommes et la deuxième cause de décès 
chez les femmes dans le monde [1]. La prise en charge 
des cancers bronchiques non à petites cellules (CBNPC) a 
profondément changé ces dix dernières années avec la com-
préhension des caractéristiques moléculaires des cellules 
tumorales [2,3]. on sait depuis les années 1970 qu’il existe 
une composante génétique et/ou héréditaire pour certains 
cancers [4–6]. Le cancer est une maladie génétique avec les 
présences de remaniements chromosomiques (polysomie, 
translocation...), d’anomalies génétiques comme des muta-
tions (variation de la séquence d’un gène). Ces mutations 

peuvent être acquise (somatique) ou constitutionnelle 
(germinale).

on considère généralement que 5 à 10 % des cancers se 
développent dans un contexte de prédisposition héréditaires 
et des formes familiales ont été publiés pour la plupart des 
localisations [7–10]. 

Prédisposition génétique au cancer 

Un facteur héréditaire est soupçonné devant une agrégation 
familiale de cancers (le plus souvent d’apparition précoce, 
multifocale, une bilatéralité des atteintes ou l’existence 

Tableau 1. Principales prédispositions génétiques et principaux gènes associés (source INCA [11]).

Prédispositions génétiques Principaux gènes associés

Syndrome seins-ovaires BRCA1, BRCA2, PALB2, RAD51

Syndrome de lynch MLH1, MSH2, MSH6, PMS2, EPCAM

Adénomes hypophysaires familiaux AIP

Ataxie-télangiectasie ATM, MRE11A

Cancer gastrique diffus familial CDH1

Carcinome papillaire rénal héréditaire FH, MET

Hyperparathyroïdisme CDC73, CASR

Maladie de cowden PTEN, PIK3CA

Maladie de fanconi FANC

Maladie de von hippel-lindau VHL

Mélanome malin familial CDKN2A, MITF, BAP1, CDK4

Néoplasies endocriniennes MEN1, RET, CDKN1B

Neurofibromatoses NF1, NF2, LZTR1, SMARCB1, SPRED1

Phéochromocytome-paragangliome héréditaire SDH, TMEM127, MAX, EPAS1

Polyposes adénomateuses familiales APC, MUTYH

Rétinoblastome RB1

Syndrome de birt-hogg-dubé FLCN

Syndrome de bloom BLM

Syndrome de carney PRKAR1A

Syndrome de gorlin PTCH1

Syndrome de li-fraumeni TP53, CHEK2

Syndrome de nijmegen NBN

Syndrome de peutz-jeghers STK11

Syndrome de polypose juvénile BMPR1A, SMAD4

Xeroderma pigmentosum XP
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Quels	arguments	pour	une	
suscepPbilité	généPque	aux	
cancers	bronchiques	
→ D’un	point	de	vue	épidémiologique,		
2	type	d’études	peuvent	répondre	à	ce\e	quesPons.	
→ Un	antécédent	familial	de	cancer	bronchique	(parents	

au	1	degré)	augmente	le	risque	de	cancer	du	poumon	
indépendamment	du	statut	tabagique		

	



Etudes	de	cohorte	

-	Etude	de	Nitadori	et	Al.	HR	de	1.95	(CI95%	1.31-2.88)		
Cohorte	de	102	255	personnes	d’origine	japonaise	
suivi	pendant	13	ans		

Nitadori et Al. Chest 2006  

close association between the development of lung
cancer and hereditary factors. They compared the
prevalence of lung cancer in the first-degree relatives
of lung cancer patients and healthy subjects and
found that the patients were more likely to report the
presence of one or more relatives with any cancer
than healthy subjects. Given that the most commonly
reported cancers were smoking related, including
those of the larynx, esophagus, and lung, McDuffie18

also discussed the possible interaction between he-
reditary and environmental factors in the develop-
ment of lung cancer.

In the present study, overall lung cancer incidence
in a first-degree relative was associated with a 95%

increase in lung cancer on 13-year follow-up. Some
cohort studies23–25 have found similar relative risks,
with results ranging between 1.7 and 2.0. Several
case-control studies18–20,34 have also shown an in-
crease in lung cancer risk for relatives of lung cancer
patients, with odds ratios (ORs) ranging from 1.8 to
2.8. Further, our results also showed that lung cancer
risk was higher in women than in men, with respec-
tive HR values of 2.65 and 1.69. Among a number of
studies21,22,35–44 investigating gender differences in
susceptibility to lung cancer, Hemminki and Li44

assessed sex chromosome effects and interactions
between background and familial rates, and found
that relative risks were similar. Most have shown that

Table 2—Prevalence of Lung Cancer According to Family History of Lung Cancer and Overall Cancer in First-
Degree Relatives (Parents and Siblings)*

Variables

Family History of Lung Cancer Family History of All Cancers

Parents or Siblings Parents Siblings Parents or Siblings Parents Siblings

No Yes No Yes No Yes No Yes No Yes No Yes

Person-years 1,094,533 22,199 1,099,152 17,580 1,111,918 4,814 880,040 236,691 926,973 189,759 1,047,294 69,438
Total cohort

No. of cases 765 26 774 17 781 10 607 184 658 133 719 72
HR 1.00 1.95 1.00 1.79 1.00 2.37 1.00 1.12 1.00 1.08 1.00 1.16
95% CI (Ref) 1.31–2.88 (Ref) 1.10–2.89 (Ref) 1.27–4.43 (Ref) 0.95–1.33 (Ref) 0.89–1.30 (Ref) 0.91–1.48
Gender

Men
No. of cases 568 16 572 12 579 5 447 137 483 101 533 51
HR 1.00 1.69 1.00 1.79 1.00 1.64 1.00 1.13 1.00 1.11 1.00 1.10
95% CI (Ref) 1.03–2.78 (Ref) 1.01–3.17 (Ref) 0.68–3.96 (Ref) 0.93–1.37 (Ref) 0.89–1.38 (Ref) 0.82–1.47

Women
No. of cases 197 10 202 5 202 5 160 47 175 32 186 21
HR 1.00 2.65 1.00 1.82 1.00 4.40 1.00 1.10 1.00 0.99 1.00 1.32
95% CI (Ref) 1.40–5.01 (Ref) 0.75–4.43 (Ref) 1.81–10.7 (Ref) 0.79–1.54 (Ref) 0.67–1.45 (Ref) 0.84–2.09

Smoking history
Never-smokers

No. of cases 204 9 208 5 209 4 168 44 183 29 193 19
HR 1.00 2.48 1.00 1.93 1.00 3.52 1.00 1.01 1.00 0.88 1.00 1.17
95% CI (Ref) 1.27–4.84 (Ref) 0.79–4.70 (Ref) 1.31–9.49 (Ref) 0.72–1.41 (Ref) 0.59–1.30 (Ref) 0.73–1.89

Current smokers
No. of cases 466 13 470 9 475 4 356 119 386 89 432 43
HR 1.00 1.73 1.00 1.64 1.00 1.72 1.00 1.24 1.00 1.22 1.00 1.16
95% CI (Ref) 0.99–3.00 (Ref) 0.85–3.17 (Ref) 0.64–4.62 (Ref) 1.00–1.53 (Ref) 0.96–1.54 (Ref) 0.84–1.59

Histologic type
Adenocarcinoma

No. of cases 354 8 358 4 358 4 286 76 309 53 333 29
HR 1.00 1.27 1.00 0.88 1.00 2.11 1.00 0.99 1.00 0.91 1.00 1.02
95% CI (Ref) 0.63–2.57 (Ref) 0.33–2.37 (Ref) 0.79–5.67 (Ref) 0.77–1.28 (Ref) 0.68–1.23 (Ref) 0.69–1.49

Squamous cell carcinoma
No. of cases 178 8 180 6 183 3 139 47 154 32 164 22
HR 1.00 2.79 1.00 2.93 1.00 3.27 1.00 1.25 1.00 1.12 1.00 1.52
95% CI (Ref) 1.37–5.68 (Ref) 1.29–6.64 (Ref) 1.04–10.3 (Ref) 0.89–1.75 (Ref) 0.76–1.64 (Ref) 0.97–2.38

Small cell
carcinoma

No. of cases 91 1 92 0 91 1 70 22 76 16 84 8
HR 1.00 0.65 1.00 1.00 1.93 1.00 1.19 1.00 1.15 1.00 1.08
95% CI (Ref) 0.09–4.68 (Ref) (Ref) 0.27–13.9 (Ref) 0.73–1.94 (Ref) 0.67–1.99 (Ref) 0.52–2.26

*Adjusted for age, gender, study area (10 PHC areas), smoking status (never, former, or current; pack-years !1 to 19, 20 to 29, 30 to 39, ! 40"),
and passive smoking at the workplace. Ref # reference.

www.chestjournal.org CHEST / 130 / 4 / OCTOBER, 2006 971



Etudes	cas/témoins	

Etude	de	Cote	et	Al.		HR	à	1.51	(IC95%	:	1.39	–	
1.63)	
Analyse	de	24	études	de	l’Interna3onal	Lung	
Consor3um		

	24380	cas		
	23399	temoins	

Coté et Al. Eur J Cancer 2012 



Etudes	cas/témoins	

Coté et Al. Eur J Cancer 2012 4. Discussion

The results presented here represent the most com-
prehensive analysis of the association between family
history of lung cancer and lung cancer since the first
strong evidence of familial aggregation was reported
nearly 50 years ago.17 To date, this is the largest pooled
analysis which incorporated a traditional case-control
analysis and also used data from individual family mem-
bers to examine risk adjusted for gender and smoking
status of each relative. Individuals with family history
in a first-degree relative are at an approximate 50%
increased risk of lung cancer compared to those without
a family history, and this association remains regardless
of gender, race/ethnicity, histological type and after
adjusting for other known lung cancer risk factors.

The majority of lung cancers are diagnosed in current
or former smokers, and environmental tobacco smoke
also increases risk.18,19 Given the strong evidence linking
lung cancer aetiology to well-identified occupational or
environmental sources, less research has focused on

other causes of this disease, including the influence of
family history. Twin studies, especially those that can
compare concordance between monozygotic and dizy-
gotic twins, can provide information on whether familial
aggregation is due to inherited or environmental factors.
Evidence of limited heritability of lung cancers has been
reported from population-based registry data in Utah,
Sweden, Denmark and Finland.20–22 Even in these large,
population-based studies, power is limited for most can-
cers, including lung. The magnitude of risk associated
with having a family history of lung cancer are similar
to those associated with familial aggregation of colon
cancer,23 prostate cancer,24 and breast cancer in non-
BRCA families.25 Stronger associations have been
reported when the relative had early-onset disease for
these cancers,23,26,27 as well as for lung cancer.28–30 In
this pooled analysis, the association was stronger for
individuals who were diagnosed with lung cancer prior
to age 50, or who had a family history of lung cancer
in a relative under the age of 50. The difference was most
pronounced among siblings, with the odds in early-onset

Table 3
The association between family history of lung cancer and lung cancer, by relative type.

Family history of lung cancer in
1st degree relative

Family history of lung
cancer in father

Family history of lung
cancer in mother

Family history of lung
cancer in sibling

OR (95% confidence interval) OR (95% CI) OR (95% CI) OR (95% CI)
Overall 1.51 (1.39, 1.63) 1.25 (1.13, 1.39) 1.37 (1.17, 1.61) 1.82 (1.62, 2.05)

Proband gender
Male 1.53 (1.37, 1.70) 1.23 (1.06, 1.43) 1.32 (1.05, 1.66) 2.07 (1.76, 2.45)
Female 1.48 (1.33, 1.65) 1.27 (1.09, 1.48) 1.43 (1.15, 1.77) 1.59 (1.35, 1.87)
Proband ethnicity
White 1.46 (1.34, 1.58) 1.19 (1.07, 1.34) 1.37 (1.16, 1.62) 1.77 (1.56, 2.00)
Black/African

American
1.67 (1.16, 2.40) 1.48 (0.87, 2.54) 1.13 (0.55, 2.30) 2.07 (1.19, 3.60)

Asian 2.38(1.50, 3.82) 2.82(1.54, 5.70) 0.97(0.39, 2.38) 4.35(1.83, 10.34)
Proband histology
Small cell carcinoma 1.51 (1.33, 1.70) 1.33 (1.13, 1.57) 1.31 (1.00, 1.73) 1.63 (1.36, 1.95)
Non-small cell

carcinoma
1.58 (1.44, 1.73) 1.40 (1.23, 1.59) 1.28 (1.07, 1.54) 1.77 (1.55, 2.02)

Squamous cell
carcinoma

1.54 (1.39, 1.72) 1.32 (1.14, 1.53) 1.16 (0.91, 1.49) 1.85 (1.59, 2.16)

Large cell
carcinoma

1.81(1.60, 2.06) 1.55(1.30, 1.92) 1.58(1.25, 2.10) 1.23(1.78, 2.56)

Adenocarcinoma 1.59 (1.45, 1.74) 1.25 (1.10, 1.43) 1.61 (1.34, 1.93) 1.85 (1.61, 2.12)
BAC 1.56(1.45, 1.69) 1.09(0.90, 1.35) 1.68(1.24, 2.12) 1.93(1.64, 2.70)
Non-small cell
carcinoma, nos

Carcinoma 1.78 (1.58, 2.01) 1.48 (1.24, 1.75) 2.24 (1.78, 2.83) 1.73 (1.44, 2.08)
Carcinoid 1.28(1.13, 1.45) 0.92(0.69, 1.10) 1.48(1.16, 1.92) 1.78(1.48, 2.42)
Others/missing 1.30(1.17, 1.48) 1.10(0.96, 1.35) 1.20(0.95, 1.62) 1.85(1.55, 2.30)
Proband smoking status
Never smokers 1.25 (1.03, 1.52) 1.09 (0.82, 1.45) 1.10 (0.74, 1.66) 1.44 (1.07, 1.93)
Ever smokers 1.55 (1.42, 1.68) 1.27 (1.13, 1.43) 1.40 (1.17, 1.66) 1.91 (1.68, 2.17)

Former smokers 1.46 (1.29, 1.65) 1.23 (1.03, 1.47) 1.26 (0.97, 1.62) 1.83 (1.53, 2.18)
Current smokers 1.57 (1.37, 1.79) 1.33 (1.11, 1.59) 1.51 (1.15, 1.99) 1.85 (1.48, 2.32)

Proband age at onset
<50 1.83 (1.47, 2.28) 1.68 (1.28, 2.20) 1.51 (1.04, 2.20) 3.72 (2.00, 6.90)
50+ 1.45 (1.33, 1.57) 1.10 (0.97, 1.24) 1.27 (1.06, 1.52) 1.86 (1.65, 2.09)

All ORs are adjusted for age, gender, ethnicity, education, smoker type, pack years and study site, where appropriate.

M.L. Coté et al. / European Journal of Cancer 48 (2012) 1957–1968 1963



Etude	Cas/Témoins	
Registre	Epidémiologie	
→ Registre	SUEDOIS	des	cancers	
→ 89000	cas	de	cancers	survenues	de	1958-1997	
→ HR	de	1.9		de	cancers	bronchiques	chez	un	parents	
de	1er	degré		

→ Registre	de	l’ETAT	de	UTAH	(US)	
→ HR	de	2.55	



Quelles	anomalies	généPques	
associés	à	un	risque	de	cancers	
bronchiques	

→ Li\érature	très	abondante	
→ Anomalies	mulPples	souvent	associées	
→ On	abordera	quelques	exemples	:	
→ Polymorphisme	du	Cytochrome	CYP1A1	
→ Glutathione	S	transféras	M1	(GSMT1)	
→ Variant	I572	du	Gène	CHEK2	
→ SNP	



Polymorphisme		Cytochrome	
CYP1A1	
→ Le	cytochrome	CYP1A1	joue	un	rôle	important	dans	la	

bio	acPvaPon	de	nombreux	pro-carcinogènes.	
→ 	Bartsch	et	Al.		a	regroupé	les	résultats	de	plusieurs	

études	cas-témoins	publiées	depuis	1990	sur	les	effets	
des	variantes	généPques	de	CYP1A1,	1A2,	1B1,	…...	

→ Les	résultats	ont	montré	qu'un	certain	nombre	de	
variant	CYP	sont	associés	à	un	risque	accru	de	cancer	
du	poumon		

Bartsch et Al. Cancer Epidemiol Biomark Prev 2000 



Glutathione	S	transférase	M1	
(GSMT1)	
→ La	GSMT1	est	une	enzyme	qui	joue	un	rôle	dans	la	

désintoxicaPon	des	composés	électrophiles:	
→ les	médicaments,		
→ les	toxines	environnementales	
→ les	agents	cancérogènes	

→ Des	variaPons	généPques	de	la	GSMT1	peuvent	
modifier	la	suscepPbilité	d'un	individu	

→ Par	Ex	:	le	polymorphisme	de	GSMT1	augmente	le	
risque	de	cancer	bronchique	avec	un	HR	à	1.17	(IC95%	
1.07-1.27)		

Shi et Al. Lung Cancer 2008 



Variant	I157	du	gène	CHEK2	
→ Le	gène	CHEK2	est	impliqué	dans	le	contrôle	du	cycle	

cellulaire.	
→ Le	variant	I157T	augmente	le	risque	de	plusieurs	cancers	

(colon,	sein,	prostate)	et	est	présent	à	une	fréquence	
relaPvement	élevée	dans	les	populaPons	du	nord	et	de	
l'Europe	centrale	

→ Les	porteurs	du	variant	rare	(I157)	ont	une	incidence	de	
cancer	du	poumon	significaPvement	plus	faible	que	les	
individus	avec	le	génotype	homozygote	commun	(HR=0.44,	
p	<0,00001).		

→ Ce	résultat	a	été	également	retrouvé	dans	une	étude	en	
Pologne	(HR=	0.3)		

→ Cependant	la	base	physiopathologique	de	cet	effet	n'est	pas	
claire.		

Brennan et Al. Lancet 2011; Cybulski et Al. Carcinogenisis 2008, Antoni et Al. Nat Rev Cancer 2007 



Analyse	des	SNP	par	«		genome	
whole	associaPon	study	»	(GWAS)	
L’apport	du	«	whole-exome	sequencing	»	et	du	«	whole-
genome	sequencing	»	ont	permis	l’étude	des	
polymorphismes	d’un	nombre	considérable	de	gênes	
(SNP).		
→ IdenPficaPon	de	plusieurs	loci	de	suscepPbilité	au	

cancer	bronchique:		
Locus	15q25	(gènes	CHRNA3,	CHRNA5,	CHRNB4)		
Locus	5p15	(gène	TERT)		
Locus	6p,…		

Hung	RJ	et	al,	Nature	2008;	Amos	CI	et	al,	Nat	Gen	2008; Thorgeirsson al, Nature 2008  
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ABSTRACT

Introduction: The association between smoking-induced
chronic obstructive pulmonary disease (COPD) and lung cancer
(LC) is well documented. Recent genome-wide association
studies (GWAS) have identified 28 susceptibility loci for LC, 10
for COPD, 32 for smoking behavior, and 63 for pulmonary func-
tion, totaling 107 nonoverlapping loci. Given that common vari-
ants have been found to be associated with LC in genome-wide
association studies, exome sequencing of these high-priority
regions has great potential to identify novel rare causal variants.

Methods: To search for disease-causing rare germline muta-
tions, we used a variation of the extreme phenotype approach
to select 48 patients with sporadic LC who reported histories
of heavy smoking—37 of whom also exhibited carefully
documented severeCOPD(inwhomsmoking is considered the
overwhelming determinant)—and 54 unique familial LC cases
from families with at least three first-degree relatives with LC
(who are likely enriched for genomic effects).

Results: By focusingonexomeprofiles of the107 target loci,we
identified two key rare mutations. A heterozygous p.Arg696Cys
variant in the coiled-coil domain containing147 (CCDC147) gene
at 10q25.1was identified in one sporadic and two familial cases.
The minor allele frequency (MAF) of this variant in the 1000
Genomes database is 0.0026. The p.Val26Met variant in the

dopamine b-hydroxylase (DBH) gene at 9q34.2 was identified
in twosporadic cases; theminorallele frequencyof thismutation
is 0.0034 according to the 1000 Genomes database. We
also observed three suggestive rare mutations on 15q25.1:
iron-responsive element binding protein neuronal 2 (IREB2);
cholinergic receptor, nicotinic, alpha 5 (neuronal) (CHRNA5);
and cholinergic receptor, nicotinic, beta 4 (CHRNB4).

Conclusions: Our results demonstrated highly disruptive
risk-conferring CCDC147 and DBH mutations.
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aforementioned filtering schema, we used Genome-
Browse (Golden Helix, Inc.) to visually confirm the po-
tential candidate variants by rechecking the raw binary
alignment/map file data. We then tabulated the number
of candidate deleterious mutations per gene and within
our two study subgroups (familial versus sporadic) and
created a Venn diagram for the list of candidate variants
that were significantly associated with the four different
phenotypes (LC, COPD, PF, and SM) in previous GWAS.

Sanger validation
The potential candidate variants were verified, and

segregation was examined by using Sanger capillary bidi-
rectional sequencing in the selected sample sites. Primers
specific to the region containing the variant to be tested
were designed, polymerase chain reactions (PCRs) were
prepared according to the Qiagen Multiplex PCR Kit pro-
tocol (Qiagen), and touchdown PCR was performed (all
PCR primers and conditions are available upon request).
SNVs were identified using SNP Detector and visually
displayed in Sequence Scanner v1.0 (Applied Biosystems).

Candidate variant protein annotation, structure
modeling, and protein-protein interaction

We used the online databases Pfam21 and PRINTS22 to
annotate and classify protein families and domains, the
BioGrid and the STRING23 for predicting protein-protein
interaction, and the PHYRE2 server24 for modeling the
3D structure of the candidate variant gene encoded-
protein. These resources use sequence-, structure-, and
systems biology–based features to predict whether the
mutation in the protein is likely to have a functional or
phenotypic effect.

Results
Demographic information, including age, sex, smok-

ing history, and histologic diagnosis, is summarized in
Table 1. All 54 unrelated patients with familial LC and 48
with sporadic LC were adult non-Hispanic whites. The
mean ages of onset of LC in the patients with familial and
sporadic LC were 56.0 and 60.9 years, respectively. More
than 85% of those with familial LC and all those with
sporadic LC (because of the study design criteria) re-
ported being ever-smokers, with mean pack-years of
52.3, and 60.3, respectively. Overall, non–small cell LC
had been diagnosed in 86.0% of those with familial LC
and 90.5% of those with sporadic LC. Adenocarcinoma
was diagnosed in 40.5% of those in the sporadic group
and 30.2% of those in the familial group for whom his-
tologic data were available.

Of 99,489 SNVs and 1206 Indels located in the exons of
the target 107 loci, our stepwise filtering strategy identi-
fied 39 potential candidate variants (see Fig. 1). Of these

39 variants interrogated by Sanger sequencing, nine
mutations failed, and 30 variants (80%) were verified in
the original LC samples (Table 2). All the failed mutations
were singletons. Of the 30 verified candidate variants, five
variants were present in two or more patients, three
variants were located in highly likely functional sites
(CHRNA5 g.78880766 splice donor, myozenin 3 [MYOZ3]
g.150051315 splice acceptor, and chromosome 10 open
reading frame 11 [C10orf11] p.Ser8 frameshift), and three
SNVs were novel (patatin-like phospholipase domain
containing 8 [PNPLA8] p.Ile479Ser, pantothenate kinase 1
[PANK1] p.Phe163Ser, and insulin-degrading enzyme
[IDE] p.Asp9Asn) (see Table 2).

Overall, the total number and proportion of patients
with LC (N¼ 32) who carried these 30 candidate variants
were only slightly higher in the group with familial cases
(18 cases, 18/54 ¼ 33.3%) than in the group with spo-
radic cases (14 cases, 14/48¼ 29.2%, with 11 of these 14
patients also having severe COPD). The mean ages of the
familial and sporadic candidate mutation carriers were
not different from the overall means. In terms of smoking
intensity, however, carriers of familial mutations re-
ported fewer pack-years than their mean (43 versus 52),
whereas there was no difference in smoking intensity
among the carriers of sporadic mutations.

We identified two highly deleterious mutations
occurring inmore than three patients with LC (see Table 2

Table 1. Demographic and histologic characteristics of
patients with familial and sporadic lung cancer

Characteristics
Familial LC
(n ¼ 54)

Sporadic LCa

(n ¼ 48)

Age of diagnosis
Mean (SD) 56.0 (10.1) 60.9 (4.7)
Range 30–70 48–65

Sex
Male (%) 22 (40.0) 44 (91.7)
Female (%) 32 (60.0) 4 (8.3)

Smoking history
Ever-smoker (%) 46 (85.2) 48 (100)
Nonsmoker (%) 8 (14.8) 0 (0)

Cigarette pack-years
Mean (SD) 52.3 (30.8) 60.3 (30.9)
Range 0–165 14–150

Histologic characteristicsb

NSCLC 37 (86.0) 37 (90.5)
Adenocarcinoma 13 (30.2) 17 (40.5)
Squamous cell carcinoma 17 (39.5) 16 (38.1)
Large cell carcinoma 7 (16.3) 5 (11.9)

SCLC 6 (14.0) 4 (9.5)
aOf the patients in the 48 sporadic cases of LC, 37 also had severe
COPD.
bNumbers do not add up because of missing data.
LC, lung cancer; NSCLC, non–small cell lung cancer; SCLC, small
cell lung cancer.
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Table 2. List of 30 candidate deleterious germline mutations in familial and sporadic cases of lung cancer

Region Disease association Gene Markera SNV/Indels
Ref./
Alt. RS ID

MAF in
TG/ESP

CADD
C-scoreb

N mutated familial
vs. sporadic

Total N mutated
LC cases

10q25.1 LCþSMþPF CCDC147 10:106163533-SNV p.Arg696Cys C/T rs41291850 0.0026/0.0072 16.2 2 : 1 3
9q34.2 SM DBH 9:136501569-SNV p.Val26Met G/A rs76856960 0.0034/0.0045 17.3 0 : 2c 3

9:136522317-SNV p.Met563Thr T/C rs201973877 0.0002/0.0002 20.3 1 : 0
15q25.1 LCþSMþPFþCOPD IREB2 15:78783019-SNV p.Gly747Glu G/A rs139092247 0.0014/0.0034 35 1 : 0 3

CHRNA5 15:78880766-SNV g. splice donor G/A rs200616965 NA 22.7 0 : 1c,d

CHRNB4 15:78921343-SNV p.Ala435Val G/A rs56317523 0.0008/0.0028 27.2 1 : 0
16q23.1 PF KARS 16:75665388-SNV p.Arg421Gln C/T rs149772470 0.0002/0.0018 26.1 0 : 1c 3

16:75665146-SNV p.Arg448Cys G/A rs77573084 0.0006/0.0030 19.6 0 : 1c,d

WWOX 16:78466521-SNV p.Arg310Cys C/T rs193001955 0.0006/0.0006 24.1 0 : 1c

1q44 SM C1orf100 1:244541827-SNV p.Asp71His G/C rs41269385 0.0022/0.0065 14.2 2 : 0 2
2q35 PF TNS1 2:218686643-SNV p.Glu1027Val T/A rs112371945 0.0006/0.0013 22.7 1 : 0 2

2:218669288-SNV p.Thr1701Met G/A rs61740054 0.0010/0.0034 27.9 0 : 1c

5q32 LCþPF FBXO38 5:147817940-SNV p.Pro893Arg C/G rs141168806 NA/0.0001 22.9 1 : 0 2
5:147821690-SNV p.Val1108Ile G/A rs143682696 0.0002/0.0008 26.4 1 : 0

7q31.1 SM PNPLA8 7:108154659-SNV p.Cys379Gly A/C rs141089628 0.0002/0.0033 15.1 0 : 1c 2
7:108137944-SNV p.Ile479Ser A/C Novel NA 25.2 1 : 0

10q23.31 LCþSMþCOPD PANK1 10:91359156-SNV p.Phe163Ser A/G Novel NA 26.1 1 : 0 2
IDE 10:94243061-SNV p.Asp9Asn C/T Novel NA 36 0 : 1c,e

13q12.12 LC MIPEP 13:24448998-SNV p.Leu197Pro A/G rs150167906 0.0002/0.0023 21.4 1 : 1 2
14q22.1 PF NID2 14:52508948-SNV p.Thr567Met G/A rs150406341 0.0006/0.0060 19.3 1f : 1c,d 2
17q24.2 LCþPF BPTF 17:65889520-SNV p.Arg823Gln G/A rs375975293 NA/0.0001 19.8 1 : 0 2

17:65936627-SNV p.Thr2237Met C/T rs372551122 NA 17.2 0 : 1c

5q33.1 LCþPF MYOZ3 5:150051315-SNV g. splice acceptor A/G rs143036945 0.0002/0.0005 12.3 0 : 1 1
10q22.2-3 PF C10orf11 10:77542754-Deletion p.Ser8 Frameshift C/- rs146123023 0.007/0.0013 NA 1 : 0 1
12q13.3 PF LRP1 12:57577915-SNV p.Arg1993Trp C/T rs141826184 0.0004/0.0031 21.8 0 : 1c 1
12q21.2 SM NAV3 12:78392209-SNV p.Ser278Ile G/T rs755721519 NA 31 0 : 1c,e 1
14q24.2 PF SLC8A3 14:70515508-SNV p.Val152Met C/T rs144289733 0.0004/0.0008 27 1 : 0 1
15q15.2 LC TGM5 15:43527092-SNV p.Tyr502His A/G rs146901531 0.0002/0.0006 18.8 0 : 1c 1
18p11.3 LC LAMA1 18:6965341-SNV p.Arg2381Cys G/A rs142063208 0.0028/0.0016 25 1f : 0 1
19q13.2 LCþSMþPFþCOPD EGLN2 19:41307024-SNV p.Val183Met G/A rs117916638 0.0002/0.0004 16.9 1 : 0 1
aAll are heterozygous mutations.
bC-score is the overall measure of deleteriousness. C-score " 20 indicates top 1% deleterious germline mutations in the human genome.
cSporadic LC patient(s) with severe COPD.
dEntries followed by superscript “d” refer to the same patient.
eEntries followed by superscript “e” refer to the same patient.
fEntries followed by superscript “f” refer to the same patient.
SNV, Single-nucleotide variants; Indels, insertions or deletions; Ref., reference; Alt., Alternative; RS ID, reference SNP ID number; MAF, minor allele frequency; TG/ESP, Egl-9 family hypoxia-
inducible factor 2; CADD, Combined Annotation-Dependent Depletion; LC, lung cancer; SM, smoking behavior; PF, pulmonary function; CCDC147, coiled-coil domain containing 147; DBH,
dopamine b-hydroxylase; COPD, chronic obstructive pulmonary disease; IREB2, iron-responsive element binding protein 2; CHRNA5, cholinergic receptor, nicotinic, alpha 5 (neuronal);
CHRNB4, cholinergic receptor, nicotinic, beta 4 (neuronal); KARS, lysyl-tRNA synthetase; WWOX, WW domain-containing oxidoreductase; C1ORF100, chromosome 1 open reading frame 100;
TNS1, tensin 1; FBXO38, F-box protein 38; PNPLA8, patatin-like phospholipase domain containing 8; PANK1, pantothenate kinase 1; IDE, insulin-degrading enzyme; MIPEP, mitochondrial in-
termediate peptidase;NID2, nidogen 2 (osteonidogen); BPTF, bromodomain PHD transcription factor;MYOZ3, myozenin 3; C10ORF11, chromosome 10 open reading frame 11; LRP1, low-density
lipoprotein receptor-related protein 1; NAV3, neuron navigator 3; SLC8A3, solute carrier family 8 (sodium/calcium exchanger), member 3; TGM5, transglutaminase 5; LAMA1, lamanin, alpha 1.

56
Liu

et
al

Journal
of

T
horacic

O
ncology

Vol.
11

N
o.

1

Locus	15q25	

Lui	et	Al.	JTO	2016 



Figure 1.
Results from genome-wide association analysis of directly tested SNPs in the Texas discovery
set using Illumina 300K HumanHap v1.1 Beadchips.
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Locus	15q25	
→ La	région	de	sensibilité	15q25	conPent	six	régions	
codantes	idenPfiées,	dont	trois	gènes	codant	pour	
des	récepteurs	cholinergiques	de	la	nicoPne	
(CHRNA3,	CHRNA5	et	CHRNB4).		

→ L’équipe	de	Amos	et	Al.	a	publié	une	étude	dans	
Nat	Gen.	
→ 2	populaPons	cas/témoin	

→ Texas	711	cancers/632	témoins	
→ UK	2013	cancers/3062	témoins	

Amos	et	al,	Nat	Gen	2008 
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Table 2
Summary of ten fast-track SNPs analyzed in discovery and replication studies

Discovery Texas replication UK replication Combined

Ref. allelea Chromosome Position (bp) Nearest
gene or
RNAb OR

(95% CI)
P valuec
(trend P)

OR
(95% CI)

P valuec
(trend P)

OR
(95% CI)

P valuec
(trend P)

OR
(95% CI)

P value (ind.)
d

(P value
(rep.)e)

rs2808630 G 1 156493941 CRP 0.76 2.05 × 10−5 0.93 0.426 Not done 0.82 7.40 × 10−6

(0.67–0.86) (1.60 × 10−5) (0.79–1.10) (0.421) (0.74–0.91) (0.426)

rs7626795 G 3 191833163 ILlRAP 1.46 2.12 × 10−5 1.05 0.709 1.05 0.512 1.16 7.80 × 10−6

(1.23–1.74) (1.94 × 10−5) (0.83–1.32) (0.708) (0.891–1.20) (0.512) (1.05–1.28) (0.451)

rs2202507 C 4 145615286 GYPA 1.30 8.49 × 10−6 0.92 0.267 1.00 0.970 1.06 >1 × 10−5

(1.16–1.46) (8.67 × 10−6) (0.79–1.06) (0.262) (0.91–1.09) (0.970) (1.00–1.14) (0.556)

rs11099666 G 4 148991033 ARHGAP10 0.65 4.90 × 10−5 0.82 0.143 1.03 0.667 0.86 >1 × 10−5

(0.53–0.80) (4.45 × 10−5) (0.64–1.07) (0.144) (0.89–1.21) (0.664) (0.78–0.97) (0.704)

rs1481847f A 8 72944049 MSC 1.30 1.04 × 10−5 1.12 0.144 0.98 0.613 1.09 1.25 × 10−5

(1.16–1.47) (1.21 × 10−5) (0.96–1.31) (0.142) (0.89–1.07) (0.620) (1.02–1.16) (0.770)

rs855974 C 10 119436858 EMX2 0.74 1.42 × 10−5 1.02 0.849 1.00 0.948 0.92 >1 × 10−5

(0.65–0.85) (1.37 × 10−5) (0.85–1.21) (0.848) (0.91–1.11) (0.948) (0.85–0.99) (0.880)

rs8034191 A 15 76593078 L0C123688 1.30 1.76 × 10−5 1.34 0.00036 1.33 1.94 × 10−11 1.32 3.15 × 10−18

(1.15–1.47) (1.94 × 10−5) (1.14–1.57) (0.00047) (1.22–1.44) (3.61 × 10−11) (1.24–1.41) (2.88 × 10−14)

rs1051730 G 15 76681394 CHRNA3 1.31 9.84 × 10−6 1.33 0.00042 1.32 2.33 × 10−10 1.32 7.00 ×10−18

(1.16–1.48) (1.14 × 10−5) (1.13–1.55) (0.00052) (1.20–1.43) (3.53 × 10−10) (1.23–1.39) (3.91 × 10−13)

rs12956651 G 18 68265435 CBLN2 0.59 1.09 × 10−5 0.84 0.232 1.04 0.633 0.85 >1 × 10−5

(0.47–0.75) (1.12 × 10−5) (0.62–1.12) (0.226) (0.88–1.23) (0.636) (0.76–0.96) (0.859)

rs6069045g C 20 52949270 DOK5 0.75 6.24 × 10−6 0.91 0.243 1.05 0.266 0.93 >1 × 10−5

(0.66–0.85) (8.60 × 10−6) (0.77–1.07) (0.240) (0.96–1.16) (0.264) (0.87–0.99) (0.704)

a
Allele nomenclature was set according to definitions for top SNPs provided for Illumina Hap300 v1.1 platform.

b
Nearest known transcribed sequence, as reported by Illumina.

c
Top line is P value from χ2 test for alleles, bottom line is P value from Armitage-Doll trend test.
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Locus	15q25	
→ Gènes	de	récepteurs	nicoPniques	de	l’acétylcholine	

→ Impliqués	dans	la	vulnérabilité	à	la	dépendance	à	la	nicoPne	
→ Associés	au	cancer	bronchique	mais	aussi	à	BPCO	et	cancers	

ORL		

→ MajoraPon	du	risque	de	cancer	bronchique	par	
majoraPon	de	l’addicPon	au	tabac	??		

→ Chez	les	non	fumeurs	:	Plusieurs	variants	de	ce	locus	
ont	été	associés	au	cancer	bronchique		

Brennan	et	Al.	Lancet	2011 



Récepteurs	nicoPniques	de	
l’acétylcholine:		
→ Récepteurs	transmembranaires	ubiquitaires		
→ Exprimés	dans	l’épithélium	bronchique	(2	isoformes	:	
α7	et	α3)		

→ Rôle	dans	la	réparaPon	des	lésions	de	l’épithélium	:		
→ α3	surexprimé	dans	les	cellules	migrantes	sur	les	
berges	d’un	épithélium	lèsé		

Review
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that this risk region is relevant for lung cancer 
independent of smoking intensity comes from studies of 
never smokers, although results from European and 
US studies are not consistent, with some studies 
reporting an excess risk for never smokers and others 
detecting no increase in risk.56,57 These diff erences might 
be due, at least in part, to misclassifi cation of smoking 
status.65 Studies in Asian populations might be more 
relevant, since tobacco surveys have consistently reported 
that very few older women have ever smoked tobacco, 
and misclassifi cation of smoking status among women 
is unlikely.24  Wu and colleagues66 recently reported that 
four common 15q25 variants were associated with lung 
cancer, in a large series of 3500 lung-cancer cases and 
3300 controls in two Chinese case–control studies.66 The 
eff ect of all four SNPs was similar among never and ever 
smokers, and among men and women. Given the low 

linkage disequilibrium between these variants and those 
reported in European and US populations, these results 
raise the possibility that the region might contain several 
distinct lung-cancer susceptibility loci. A Japanese study 
of the same 15q25 variants that increase risk in European 
populations found that these variants were associated 
with lung-cancer risk to a similar extent among never 
and ever smokers, although results were not reported 
separately for women.67 

Biological basis of susceptibility with 
CHRNA genes
nAChR are ubiquitous cell-surface receptors composed of 
fi ve subunits, each a transmembrane protein with 
four membrane-spanning domains (fi gure 3). Nicotine 
mimics the eff ect of acetylcholine by binding to a subunit 
and inducing a conformational change on the internal side 
of the membrane that allows the fl ow of cations (Ca²+, Na+, 
K+) into the cytoplasm. This Ca²+ infl ux opens the gates of 
voltage-activated calcium channels, with many eff ects on 
the activation of calcium-dependent signalling pathways.68,69 
In bronchial epithelial cells, the main forms of nAChR are 
α7 homopentamers and α3α5β2 heteropentamers. These 
two receptor types show diff erent distributions within the 
epithelium. In wounded epithelium, α7-nAChR is 
primarily expressed at lateral edges of diff erentiated, non-
migrating cells, whereas α3α5β2-nAChr is highly expressed 
in migrating cells at the wound edge. Moreover, low levels 
of the latter receptor are also detected at the surface of basal 
cells, the compartment providing progenitors for normal 
diff erentiation and for fl at cells that migrate during wound 
repair. These results suggest that α3α5β2-nAChR have a 
role in the repair of wounded bronchial epithelium.70

Alterations in nAChR signalling might contribute to 
lung cancer.69 Gene-expression studies show that NSCLC 
in non-smokers exhibits higher levels of α3-nAChR and 
α6-nAChR than in smokers, and have identifi ed a 
65-gene expression signature associated with the 
α3/α6-nAChR expression pattern.71 In a recent study, we 
found that CHRNA3, but not CHRNA5, is systematically 
hypermethylated and down-regulated in lung cancers. 
Forced expression of CHRNA3 in lung-cancer cells resulted 
in enhanced apoptosis, suggesting that hypermethylation 
provides cancer cells with a survival advantage.72,73 

Moreover, the tobacco-specifi c nitrosamines 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) 
and N-nitrosonornicotine (NNN) bind to distinct 
nAChRs with affi  nities higher than for nicotine itself, 
suggesting that these receptors might enhance the 
targeting of bronchial cells by tobacco carcinogens.69 

Figure 4 summarises current hypotheses on how 
CHRNA polymorphisms predispose to lung cancer 
independent of addiction properties. First, these variants 
might modulate cell migration and wound repair in 
bronchial mucosa injured by inhaled toxic substances. 
Polymorphisms associated with low cell motility might 
lead to more persistent mucosal damage and 

Figure 4: Role of CHRNA variants as determinants of rapid or slow repair of the bronchial mucosa after damage
LRV=low-risk variants. HRV=high-risk variants.

Rapid repair/LRV

Wound healing and
mucosal recovery

Slow repair/HRV

Persistent damage
and mucosal
inflammation

Low risk

High risk

Mucosal damage

Physical, chemical,
infectious agents, irritants

Figure 3: Nicotine cholinergic signalling system in bronchial mucosal cells 
The two main categories of nAChRs are shown in green (α7-nAChR) or pink (α3α5β3-nAChR). The same colours show 
the participation of these receptors in downstream eff ects. nAChR=nicotinic acetylcholine receptor. 
NNK=4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. ACh=acetylcholine. NNN=N-nitrosonornicotine. Ca=calcium.

α3α5β2-nAChRα7-nAChR

Voltage-gated
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Brenan	et	Al.	Lancet	2011 
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→ Le	polymorphisme	des	gènes	CHRNA	prédispose	au	

cancer	bronchique	par	la	modulaPon	:	
→ Capacités	de	migraPon		
→ RéparaPon	des	lésions	Pssulaires		
→ PotenPel	invasif	et	de	métastases	
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that this risk region is relevant for lung cancer 
independent of smoking intensity comes from studies of 
never smokers, although results from European and 
US studies are not consistent, with some studies 
reporting an excess risk for never smokers and others 
detecting no increase in risk.56,57 These diff erences might 
be due, at least in part, to misclassifi cation of smoking 
status.65 Studies in Asian populations might be more 
relevant, since tobacco surveys have consistently reported 
that very few older women have ever smoked tobacco, 
and misclassifi cation of smoking status among women 
is unlikely.24  Wu and colleagues66 recently reported that 
four common 15q25 variants were associated with lung 
cancer, in a large series of 3500 lung-cancer cases and 
3300 controls in two Chinese case–control studies.66 The 
eff ect of all four SNPs was similar among never and ever 
smokers, and among men and women. Given the low 

linkage disequilibrium between these variants and those 
reported in European and US populations, these results 
raise the possibility that the region might contain several 
distinct lung-cancer susceptibility loci. A Japanese study 
of the same 15q25 variants that increase risk in European 
populations found that these variants were associated 
with lung-cancer risk to a similar extent among never 
and ever smokers, although results were not reported 
separately for women.67 

Biological basis of susceptibility with 
CHRNA genes
nAChR are ubiquitous cell-surface receptors composed of 
fi ve subunits, each a transmembrane protein with 
four membrane-spanning domains (fi gure 3). Nicotine 
mimics the eff ect of acetylcholine by binding to a subunit 
and inducing a conformational change on the internal side 
of the membrane that allows the fl ow of cations (Ca²+, Na+, 
K+) into the cytoplasm. This Ca²+ infl ux opens the gates of 
voltage-activated calcium channels, with many eff ects on 
the activation of calcium-dependent signalling pathways.68,69 
In bronchial epithelial cells, the main forms of nAChR are 
α7 homopentamers and α3α5β2 heteropentamers. These 
two receptor types show diff erent distributions within the 
epithelium. In wounded epithelium, α7-nAChR is 
primarily expressed at lateral edges of diff erentiated, non-
migrating cells, whereas α3α5β2-nAChr is highly expressed 
in migrating cells at the wound edge. Moreover, low levels 
of the latter receptor are also detected at the surface of basal 
cells, the compartment providing progenitors for normal 
diff erentiation and for fl at cells that migrate during wound 
repair. These results suggest that α3α5β2-nAChR have a 
role in the repair of wounded bronchial epithelium.70

Alterations in nAChR signalling might contribute to 
lung cancer.69 Gene-expression studies show that NSCLC 
in non-smokers exhibits higher levels of α3-nAChR and 
α6-nAChR than in smokers, and have identifi ed a 
65-gene expression signature associated with the 
α3/α6-nAChR expression pattern.71 In a recent study, we 
found that CHRNA3, but not CHRNA5, is systematically 
hypermethylated and down-regulated in lung cancers. 
Forced expression of CHRNA3 in lung-cancer cells resulted 
in enhanced apoptosis, suggesting that hypermethylation 
provides cancer cells with a survival advantage.72,73 

Moreover, the tobacco-specifi c nitrosamines 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) 
and N-nitrosonornicotine (NNN) bind to distinct 
nAChRs with affi  nities higher than for nicotine itself, 
suggesting that these receptors might enhance the 
targeting of bronchial cells by tobacco carcinogens.69 

Figure 4 summarises current hypotheses on how 
CHRNA polymorphisms predispose to lung cancer 
independent of addiction properties. First, these variants 
might modulate cell migration and wound repair in 
bronchial mucosa injured by inhaled toxic substances. 
Polymorphisms associated with low cell motility might 
lead to more persistent mucosal damage and 

Figure 4: Role of CHRNA variants as determinants of rapid or slow repair of the bronchial mucosa after damage
LRV=low-risk variants. HRV=high-risk variants.

Rapid repair/LRV

Wound healing and
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Slow repair/HRV
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inflammation

Low risk
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Mucosal damage
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Figure 3: Nicotine cholinergic signalling system in bronchial mucosal cells 
The two main categories of nAChRs are shown in green (α7-nAChR) or pink (α3α5β3-nAChR). The same colours show 
the participation of these receptors in downstream eff ects. nAChR=nicotinic acetylcholine receptor. 
NNK=4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. ACh=acetylcholine. NNN=N-nitrosonornicotine. Ca=calcium.

α3α5β2-nAChRα7-nAChR

Voltage-gated
Ca2+ channel

Nicotine

ACh

NNNNNK

Ca2+

AdhesionProliferation/
survival

Motility/
wound repair

Brenan	et	Al.	Lancet	2011 



Locus	5p15	
→ Gene	TERT	:	human	telomerase	reverse	transcriptase	gène	

→ >	90%	des	tumeurs	expriment	la	télomérase	
→ RégénéraPon	des	télomères	permet	la	proliféraPon	des	cellules	

cancéreuses		

→ 2	variants	associés	à	un	risque	augmenté	de	cancer	
bronchique		
→ rs402710	(OR	=	1.14) 		
→ rs2736100	(OR	=	1.15)		

Truong al, J Natl Cancer Inst 2010  



Données	chez	les	non	
fumeurs	

Couraud et Al. ERJ 2012 

reported that the Arg399Gln polymorphism of XRCC1
was associated with increase in lung cancer risk
(OR = 1.3 [95% CI = 1.0–1.8]). The OR increased as
the number of pack-years decreased, suggesting that
the polymorphism represented a risk factor for never
smokers (OR = 2.4 [95% CI = 1.2–5.0]) while providing
a protective effect for ‘heavy’ smokers (OR = 0.5 [95%
CI = 0.3–1.0]). Their observations may suggest an upreg-
ulating effect on the promoter of the XRCC1 Arg399Gln
variant by tobacco carcinogens (a sort of ‘enzymatic
induction’) favouring DNA lesion repair. This expres-
sion differential may also be augmented by the presence
of the Asp312Asn (exon 10) and Lys751Gln (exon 23)
polymorphisms of ERCC2 (XPD).98 The Arg399Gln
allele of XRCC1 associated with an epidermal growth
factor receptor (EGFR) mutation and response to gefiti-
nib in never smokers has been disputed,99–101 suggesting
that the initial efforts may not have been sufficiently
dimensioned. The ERCC2, Lys751Gln polymorphism
is associated with increased lung cancer risk in ever
smokers only. The ERCC2 Asp312Asn polymorphism
however is associated with increased risk in ever smokers

in some studies and in never smokers in others.102,103 Lo
et al. recently detected an abnormality in the promoter of
MLH1 that appeared to be associated with lung cancer
risk, in GG genotype never smokers (OR = 1.64 [95%
CI = 1.10–2.44]). Furthermore, those authors found an
association between MLH1 and passive smoking, with
risks appearing to increase as ETS exposure increases.
Conversely, they found no associations for MSH2 poly-
morphisms.104 Great caution is needed in interpreting
these results because of the small number of study sub-
jects. Other authors have reported that individual
DNA repair capacities may be measurable using blood
tests. In a cohort of never smokers, Gorlova et al.
showed that suboptimal levels of DNA repair capacity
resulted in elevated lung cancer risks (OR = 1.92 [95%
CI = 1.3–2.9]), particularly in patients exposed to ETS
and those with a family history of lung cancer.105 Finally,
the expression of DNA repair proteins, notably those of
nucleotide excision repair, appears to differ in ever-smo-
ker and never-smoker cancers.106

More recently, a number of authors have begun
exploring genes involved in inflammatory responses.

Table 2
Principal genomic polymorphisms associated with a risk of lung cancer in never smokers.

Pathway Gene Protein Studied
polymorphism

OR (95%
confidence
interval)

Comments Ref.

Carcinogenic
metabolism
(polycyclic
aromatic
hydrocarbons,
nitroaromatics,
arylamines)

CYP1A1 Enzyme involved in early
(phase 1) metabolism steps

T3801C (MspI) NS Role in hormone-
dependent cancers?

95
A2455G
(Ile462Val)

2.21 [1.12–4.37] 95

GSTM1 Enzyme involved in late
(phase 2) metabolism steps
(conjugation)

Null genotype NS If associated with
the Ile462Val
polymorphism of
CYP1A1, OR= 4.67
[2.00-10.9].
Role in cancers
before the age of 50?

95
148

NQO1 Phase 1 and 2 enzyme Pro187Ser NS 149

DNA repair XRCC1 DNA base repair enzyme Arg399Gln 2.4 [1.2–5.0] Protective factor in
‘heavy’ smokers
(relation dose / odds
ratio) Expression
differential increased
in the presence of
ERCC2 Asp312Asn
and Lys751Gln
polymorphisms

98

ERCC2
(XPD)

Nucleotide repair enzyme Lys751Gln and
Asp312Asn

NS 101

103
MLH1 Mismatch repair enzyme GG Genotype 1.64 [1.10–2.44] Role in cancers

caused by exposure
to environmental
tobacco smoke?

150

Inflammation
pathways

IL10 Inflammation mediator TT genotype of
rs1800871

2.5 [1.3–5.1] 107

TNF CC genotype of
rs1799964

0.36 [0.17–0.77] 107

IL1-ß-31T/C TT genotype 2.24 [1.15–4.38] If associated with
atopy, asthma,
chronic cough

108
IL1-RN Allele *2 VNTR 5.09 [1.39–

18.67]
108

IL6 Allele 634 G 1.44 [1.07–1.94] 108
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Abstract An estimated 10–25% of lung cancers worldwide occur in never smokers, i.e. indi-
viduals having smoked less than 100 cigarettes in their lifetime. Lung cancer in never smokers
(LCINS) is more frequent in women, although large geographic variations are found. Histo-
logically, adenocarcinomas predominate.
The mere existence of LCINS suggests that risk factors other than smoking must be present.
Exposure to environmental tobacco smoke (particularly in women) and exposure to work-
place carcinogens (particularly in men) are the two most important alternative risk factors.
However, a history of either is absent in more than a third of LCINS. The large proportion
of women in LCINS suggest a hormonal element that may interact with other identified fac-
tors such as hereditary risks, a history of respiratory infections or disease, exposure to air pol-
lution, cooking and heating fumes, or exposure to ionising radiation.
The study of genomic polymorphisms finds constitutive DNA variations across subjects accord-
ing to their smoking status, particularly in genes coding for enzymes that participate in the
metabolism of certain carcinogens, in those coding for DNA repair enzymes, or in genes asso-
ciated with tobacco addiction, or inflammatory processes. The type of molecular mutation in
p53 or KRAS varies with smoking status. EGFR mutations are more frequent in never smokers,
as are EML4-ALK fusions. The mutually exclusive nature of certain mutations is a strong argu-
ment in favour of separate genetic paths to cancer for ever smokers and never smokers.
In the present paper we review current clinical and molecular aspects of LCINS.
! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Tobacco use is the oldest1 and most well-established2

risk factor for lung cancer. However, this malignancy
occurs in a very small number of patients who have no
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Cas	Familiaux	de	cancer	du	
poumon	
→ Dans	la	li\érature,	il	existe	des	rares	cas	familiaux	de	

cancers	bronchiques	et	notamment	par	des	mutaPons	
germinales	de	l’EGFR,	BRCA2,	NBN.		

→ Quatre	types	de	mutaPons	de	l’EGFR	ont	été	décrits	:	
→ Exon	20	:	T790M,	R776H	
→ Exon	21	:	V843l	et	P848L	



MutaPon	germinale	T790M			
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Germline T790M Mutations in Lung 
Cancer Cases and Controls

From our proband’s family pedigree and the five reports in 
the literature, there are a total of 29 mutation carriers. Lung can-
cer developed in 19 of these carriers (referred to as lung cancer 
cases (Table 1). The remaining 10 T790M germline cases with-
out lung cancer are referred to as controls. However, the gen-
der and smoking status of some of the cases and controls from 
the literature are lacking or ambiguous. Thus, subgroup analy-
sis contains varying number of cases and controls (Table 2). It 
should be noted that, as with other germline mutation analyses, 
some of the controls may ultimately develop cancer.

Characteristics of Lung Cancers Arising 
in T790M Germline Carriers

As demonstrated in Table 1, there are 19 cancer cases 
known to have arisen in germline carriers including our ped-
igree. All but one of the probands had a family history of 

lung cancer, and the germline mutation status of 11 was con-
firmed by sequencing, one was an obligate carrier, and seven 
family members are assumed to be carriers. In one case  
(case 8), both parents had lung cancer, and the parental inher-
itance could not be determined. Twelve of the 14 patients 
with known ethnicity were Caucasian and two were East 
Indian. Their ages ranged from 29 to 81, and there were 13 
females, five males, and one of unknown gender. The median 
age of the cancer cases was about 63 years, with our proband 
at 29 years being the youngest case identified. Tumor histol-
ogy was available for 14 patients, all of whom had NSCLC, 
and all of whom had one or more adenocarcinomas (case 
9 also had a large cell neuroendocrine carcinoma). Three 
patients had multiple  pathology-documented lung cancers, 
and three had documented invasive cancers and multiple 
bilateral nodules (biopsy proven to be microinvasive cancers 
in one of the cases).21

Of the 22 apparently individual tumors arising in  
11 patients that were tested for EGFR gene mutations and 

FIGURE 2. -
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Investigation of a Family with Germline  
T790M Mutation

Using an institutional review board–approved protocol 
and after informed consent, we were able to track a germline 
T790M mutation in the EGFR gene present in the proband 
and relevant history through five generations of her family. 
The family pedigree was constructed with the assistance of 
the proband and several family members. The smoking his-
tories of deceased individuals were confirmed by at least two 
close relatives. Blood samples were obtained from 17 family 
members representing three generations. Genetic testing of 
the T790M mutation was performed by a Clinical Laboratory 
Improvement Amendments (CLIA)-approved laboratory uti-
lizing EGFR exon 20-specific primers to sequence the region 
containing T790, using a standardized Sanger sequencing 
protocol (BigDye Terminator v3.1 Cycle Sequencing Kit 
Protocol, Applied Biosystems, Foster City, CA).

Detection of EGFR and Germline T790M 
Mutations in Japanese Patients

Paired tumor and nonmalignant lung samples from 
629 Japanese patients with resected lung cancers were 
examined for EGFR mutations using previously published 
methods.14–16 The study received local institutional review 
board permission and all patients gave informed consent for 
mutation testing. Testing was performed for therapy selec-
tion. Two patients were excluded because they had neuro-
endocrine tumors, leaving 627 patients with non–small-cell 
lung cancer (NSCLC).

RESULTS
Literature Search

A search of the PubMed database yielded five refer-
ences for germline T790M mutations.13,17–20

The Proband
The proband was a 29-year-old woman with a total 

tobacco exposure of 0.1 pack-years. She presented with a 
4.4-cm left upper lobe adenocarcinoma and biopsy-proven 
bilateral preneoplastic and preinvasive lesions (Supplemental 
Figure 2, Supplemental Digital Content, http://links.lww.com/
JTO/A545). Analysis of tumor DNA for EGFR exons 18-21 
revealed an L858R mutation in exon 21 (minor peak in com-
parison to the wild-type peak) and a T790M mutation (equiv-
alent in height to the wild-type peak) (Figure 1). Mutation 
analysis of her blood mononuclear cells indicated a T790M 
mutation, with equivalent heights of the mutant and wild-type 
peaks, confirming the presence of a germline T790M mutation. 
No L858R mutation was detected in the mononuclear cells.

History and Mutation Status 
of Proband’s Family

Information about the proband’s family pedigree is pre-
sented in Figure 2 and Supplemental Table 1 (Supplemental 
Digital Content, http://links.lww.com/JTO/A545). Eight of 17 
family members tested were positive for the mutation, includ-
ing the proband’s mother and brother. All family members tested 
received genetic counseling before testing and after the results 
were completed. Two of the family members were tested to estab-
lish lineage (IV:12, III:13) and were subsequently discarded from 
further analysis. Eight of 15 maternally related family members 
tested were mutation positive (53.3%), consistent for Mendelian 
inheritance of an autosomal gene, As documented in Figure 2, 
there are 14 family members who are tested, obligate, or assumed 
carriers of the T790M mutation. Four of these 14 (including the 
proband) developed lung cancer. CT scans, were available on 
five mutation carriers. All scans showed one or multiple small 
pulmonary lesions of uncertain diagnosis (Supplemental data, 
Supplemental Digital Content, http://links.lww.com/JTO/A545).

FIGURE 1.
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16 (73%) had a second activating mutation in addition to the 
T790M germline mutation.

A logistic regression model was used to test the associa-
tion between smoking status and lung cancer among the germ-
line T790M carriers adjusting for sex, as there are more female 
cases whereas more males are represented in the mutation car-
riers that have not developed lung cancer (controls) (Table 2). 
Without adjusting for sex, the odds ratio (OR) for a 2-by-2 
table can be calculated as ad/bc, which is 2 × 4/(5 × 11) = 0.15. 
After taking gender into consideration, it became 0.31 (95% 

confidence interval: [0.04, 2.25]). Although this OR itself was 
not significant (p = 0.34), given the small sample size, it is sig-
nificantly smaller (p = 6.0E-05 by a two-sample mean test) than 
the OR of 40.4 (95% confidence interval: [21.8, 79.6]) esti-
mated from the general U.S. population.22 There was an excess 
of never smokers (NSs) in lung cancer cases arising in germline 
T790M carriers. The proportions of smokers in all lung cancer 
cases were estimated to be 0.91 in males and 0.81 in females.24 
By contrast, only two out of 13 germline T790M derived cases 
(with both sex and smoking status known) were ever smokers 

TABLE 1.

Reference Case Family

Other Family Members 
with Lung Cancer/

Relationship to Proband Ethnicity Age Sex Smoker Tumor

T790M 
Germline 
Mutation

Second EGFR 
Gene Mutation Comment

Bell et al.21 1 1 Proband White 50 M S 5 ADCs Yes 5 tumors L858R in 
2 of 5

Multiple bilateral 
nodules

delL747-T751 in 
1 of 5

Bell et al.21 2 1 Yes, brother White 55 M ? ADC Yes G719A Widespread 
metastases

Bell et al.21 3 1 Yes, mother White 62 F ? ADC Mutation 
assumed

NA

Bell et al.21 4 1 Yes, grandfather White 72 M ? ADC Mutation 
assumed

NA

Girard et al.18 5 2 Proband East Indian 66 F NS ADC Yes L858R Multiple bilateral 
nodules

Girard et al.18 6 2 Yes, father East Indian 41 F NS NA Mutation 
assumed

NA

Girard et al.18 7 3 Proband White 56 M NS ADC Yes L858R Widespread 
metastases

Girard et al.18 8 3 Yes, either father or mother White 72/80 M/F S N/A Mutation 
assumed

NA

Prudkin et al.19 9 4 Proband ? 72 F NS 2 ADCs Yes None in 3 tumors

1 LCNEC

Prudkin et al.19 10 4 Yes, sister ? ? F ? ADC Mutation 
unknown

NA

Oxnard et al.14 11–12 5, 6 One case had a sibling with 
cancer

? 44/73 F/M NS/S ADC Yes Both had exon 19 
deletions

Oxnard et al.14 13 7 No ? 44–73 F NS ADC Yes 6 Nodules—4 had 
L858R, 2 exon 
19 deletions

Tibaldi et al.20 14 8 Proband White 72 F NS ADC Yes Del; E746-A750 
in exon 19

Bilateral 
pulmonary 

lesions

Tibaldi et al.20 15 8 Yes, sister White 74 F NS NSCLC Yes None

UTSW V-3 16 9 Proband White 29 F S ADC Yes L858R

UTSW II-2 17 9 Yes, great-great-aunt of 
proband

White 67 F NS NA Mutation 
assumed

Unknown

UTSW III-6 18 9 Yes, son of case 17 White 56 M NS NA Mutation 
assumed

Unknown

UTSW III-2 19 9 Yes, distant aunt of proband White 81 F NS NA Obligate 
carrier

Unknown

Under “Family history of lung cancer,” the number of family members with lung cancer is indicated in parentheses. The Oxnard reference only provides summary information about 
five germline mutation cases, two of which were previously reported by Girard et al., thus only recorded once. There is both a paternal and a maternal history of lung cancer in case 7 
(Girard et al.) so the lineage is unknown; however, we would assume that one of the parents is a mutation carrier. Please see Supplemental data (Supplemental Digital Content, http://
links.lww.com/JTO/A545) for discussion on potential problems with the report by Tibaldi et al.20

ADC, pulmonary adenocarcinoma; F, female; LCNEC, large cell neuroendocrine carcinoma; M, male; NA, not applicable; NS, never smoker; NSCLC, non–small-cell lung cancer; 
S, smoker; UTSW, University of Texas Southwestern Center.
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Introduction: Hereditary lung cancer syndromes are rare, and 
T790M germline mutations of the epidermal growth factor recep-
tor (EGFR) gene predispose to the development of lung cancer. The 
goal of this study was to determine the clinical features and smoking 
status of lung cancer cases and unaffected family members with this 
germline mutation and to estimate its incidence and penetrance.
Methods: We studied a family with germline T790M mutations over 
five generations (14 individuals) and combined our observations with 
data obtained from a literature search (15 individuals).
Results: T790M germline mutations occurred in approximately 1% of 
non–small-cell lung cancer cases and in less than one in 7500  subjects 
without lung cancer. Both sporadic and germline T790M mutations 
were predominantly adenocarcinomas, favored female gender, and 
were occasionally multifocal. Of lung cancer tumors arising in T790M 
germline mutation carriers, 73% contained a second activating EGFR 
gene mutation. Inheritance was dominant. The odds ratio that T790M 
germline carriers who are smokers will develop lung cancer compared 
with never smoker carriers was 0.31 (p = 6.0E-05). There was an over-
representation of never smokers with lung cancer with this mutation 
compared with the general lung cancer population (p = 7.4E-06).
Conclusion: Germline T790M mutations result in a unique hered-
itary lung cancer syndrome that targets never smokers, with a 

preliminary estimate of 31% risk for lung cancer in never smoker 
carriers, and this risk may be lower for heavy smokers. The resultant 
cancers share several features and differences with lung cancers con-
taining sporadic EGFR mutations.

Key Words: EGFR gene, Germline mutation, Hereditary lung cancer 
syndrome, Never smoker status, T790M mutation.

(J Thorac Oncol. 2014;9: 456–463)

Lung carcinomas that initially respond to tyrosine kinase 
inhibitors (TKIs) often harbor somatic gain-of-function 

mutations in the tyrosine kinase domain of the epidermal growth 
factor receptor (EGFR) gene.1,2 These mutations are more fre-
quently associated with adenocarcinoma histology, female gen-
der, East Asian ethnicity, and low or absent tobacco exposure.3 
Despite initial response to TKI therapy, the tumors usually recur 
or progress by development of acquired resistance.

The major mechanism of acquired resistance is the 
presence of a second EGFR point mutation T790M in exon 
20.4,5 T790M mutations usually occur with a common acti-
vating mutation, and they greatly increase the adenosince 
triphosphate (ATP)-binding affinity of the initial muta-
tion.4,6–9 T790M mutations may occur in treatment naïve 
tumors and cell lines,10,11 and the mutant peaks in sequenc-
ing electropherograms are present in a minority of cells and 
may require sensitive detection methods. By contrast, the 
common activating mutations are often equal to or greater 
than the wild-type peak, a phenomenon we have termed as 
mutant allele-specific imbalance.12 T790M germline muta-
tions are present in 1% of lung cancers undergoing EGFR 
gene sequencing with the mutant allele occurring in about 
equal proportion to the wild-type allele.13

In this report, we describe the development of lung can-
cer in a young woman with a germline T790M mutation, and 
we combined an extensive study of her family pedigree with a 
review of the existing literature.

MATERIALS AND METHODS

Literature Search
We searched the PubMed database using combina-

tions of the terms “Lung Neoplasms,” “Receptor, Epidermal 
Growth Factor,” “Germ-Line,” and “T790M.”
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30	lesion revealed poorly differentiated acinar and solid ade-
nocarcinoma, which was found to contain the EGFR
L858R mutation at routine genotyping (Supplementary
Fig. S1). Unfortunately, tumor histology and mutational
status could not be determined for any of the family
members with NSCLC.

Discussion

The identification of genetic risk variants that may pre-
dispose certain patients to disease requires the analysis of

germ line DNA from affected cases. In this study, we show
that the Internet can provide a secure, confidential, and
convenient way to bolster the accrual of target patients
from across the country.
Our protocol had a similar design to the Harvard

Myeloproliferative Disorders Study. That protocol used
the Internet to collect blood from 345 participants over
a 1-year period (i.e., 0.41%/mo of the 7,000 newly
diagnosed cases of myeloproliferative disorders in
the United States; ref. 22). We had hoped to accrue
patients at a similar rate. However, our recruitment
was significantly lower, as we only recruited 45 patients

Fig. 3. Pedigrees of patients found to have a germ line EGFR T790M mutation. Numbers, ages of family members; arrows, probands; Lung, patients with
lung cancer (followed by age at onset); Leuk, leukemia; CLL, chronic lymphoid leukemia; Gastric, gastric cancer.
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Supplemental Figure 

 

Supplemental Figure 1: Presence of the germline EGFR T790M mutation in 2 patients. Left 

panels: direct sequencing chromatograms of laboratory internal controls and test specimens. 

Right panels: PCR-RFLP assays, as described in [16]. Asterisk denotes the C to T substitution at 

position 2369 of the EGFR gene, leading to the methionine for threonine change at position 790 

in the EGFR protein. Note: the scales are different on the PCR-RFLP figures because the assays 

were run at different times. 

 



MutaPon	germinale	EGFR	
A	Strasbourg	:	détecPon	de	mutaPons	germinales	de	l’EGFR	chez	2	paPents	
suivis	pour	un	cancer	bronchique	non	à	pePtes	cellules		
Cas	n°1	:		Un	homme	caucasien	de	63	ans,	non	fumeur,	adénocarcinome	
bronchique	avec	a\einte	pleurale	
Analyses	moléculaires	:	

	sur	Pssu	tumoral	:	double	mutaPon	EGFR	:	L858R	et	V834I		
	sur	Pssu	sain	:	détecPon	de	la	mutaPon	V834I		

Stabilité́	sous	TKI-EGFR	(10	mois	de	traitement)		

by the identification that the somatic L858R mutation nonrandomly occurred cis to the germ-line V843I or
R776X mutations [3, 10]. R776C has also been described but as a somatic mutation in conjunction with
L858R [13]. Other secondary somatic EGFR mutations have been reported with EGFR germ-line mutations,
for example G719A with T790M or R776H germ-line mutations [3, 4, 7].

While cases of familial lung cancer have been occasionally reported, their genetic backgrounds remain
largely unknown. Germ-line T790M mutation has been documented in five cases of four families with lung
cancer susceptibility, including one family with six family members in three generations having lung cancer
[4–7]. Unlike one of our cases, the germ-line V843I mutation has been reported in a family with lung cancer
[10] and in a family with other cancer susceptibility [9]. Unlike somatic EGFR mutations, reported more
often in Asians, females and non-smokers, few data for patients harbouring EGFR germ-line mutations are
available. Five cases with T790M germ-line mutation are known, one Asian and three Caucasian (one
unknown), of whom three were male and two female [7]. Three cases with R776G germ-line mutations were
Caucasian, one male and two females [3, 8]. Our V848I patient was a Caucasian male, while the two
previously reported cases of V848 germ-line mutations were Asian females [9, 10]. Our cases were a current
and a former smoker. T790M germ-line mutations were found in three never-smokers and one smoker [7].
R776X mutations have been reported both in nonsmokers as well as in smokers, but no data are available
for patients with V843I germ-line mutations [3, 8–10]. Within large cohorts of EGFR-mutated lung
carcinomas, the vast majority are classified as adenocarcinomas. EGFR germ-line mutations are also more
often reported in lung adenocarcinoma, as in our two cases, but one case of lung cancer harbouring R776H
germ-line mutation has been reported with squamous differentiation [8]. As yet, is hard to envisage how
mutations that merely activate the kinase domain of EGFR might have differential effects on tumour-cell
differentiation.

The predictive value of rare EGFR mutations is not well known. Growth inhibition assays using cell lines
established from patient tissue harbouring V843I and L858R showed resistance to EGFR-TKI as well as the
resistance observed in the clinical case [8]. It is widely accepted that while lung adenocarcinomas with the
L858R mutation alone are susceptible to TKI therapy, gain of an additional T790M mutation overrides the
effect of L858R and confers resistance to TKIs. Nevertheless, in our case, V848I was not a resistance
mutation for TKI therapy, as in another case of lung adenocarcinoma with V848I EGFR mutation but
without information about somatic or constitutive mutation [14]. In our second case, the unique germ-line
P848L mutation is a TKI resistance mutation. R776X plus G719X mutated cell lines retain sensitivity to
EGFR-TKIs [8].
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FIGURE 1 a–c) Case 1, with epidermal growth factor receptor (EGFR) exon 21 mutations (V843I and L858R). a) Pedigree chart. The black case corresponds to
the index patient. b) DNA sequencing electrophoretograms for DNA obtained from lung tumour tissue identifying EGFR exon 21 mutations; both mutations are
present. c) DNA sequencing electrophoretograms for DNA obtained from blood, identifying one EGFR exon 21 mutation, the V834I variant, is present and
confirming it is germ-line. d–f) Case 2, with EGFR exon 21 mutation (P848L). d) Pedigree chart. The black case corresponds to the index patient. The hatched
box represents a case with head and neck carcinoma. e) DNA sequencing electrophoretograms for DNA obtained from lung tumour tissue identifying an EGFR
exon 21 mutation (P848L). f) DNA sequencing electrophoretograms for DNA obtained from blood identifying the EGFR exon 21 P848L variant is present and
confirming it is germ-line.
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MutaPon	germinale	EGFR	
Cas	n°2	:		Une	femme	de	31	ans,	caucasienne,	tabagisme	acPf,	
adénocarcinome	bronchique	avec	métastase	cérébrale		
Analyses	moléculaires	:		

sur	Pssu	tumoral	:	mutaPon	EGFR	P848L		
sur	Pssu	sain	:	mutaPon	EGFR	P848L		

Progression	sous	TKI-EGFR		
Pas	d’histoire	familiale	de	cancer	bronchique		

by the identification that the somatic L858R mutation nonrandomly occurred cis to the germ-line V843I or
R776X mutations [3, 10]. R776C has also been described but as a somatic mutation in conjunction with
L858R [13]. Other secondary somatic EGFR mutations have been reported with EGFR germ-line mutations,
for example G719A with T790M or R776H germ-line mutations [3, 4, 7].

While cases of familial lung cancer have been occasionally reported, their genetic backgrounds remain
largely unknown. Germ-line T790M mutation has been documented in five cases of four families with lung
cancer susceptibility, including one family with six family members in three generations having lung cancer
[4–7]. Unlike one of our cases, the germ-line V843I mutation has been reported in a family with lung cancer
[10] and in a family with other cancer susceptibility [9]. Unlike somatic EGFR mutations, reported more
often in Asians, females and non-smokers, few data for patients harbouring EGFR germ-line mutations are
available. Five cases with T790M germ-line mutation are known, one Asian and three Caucasian (one
unknown), of whom three were male and two female [7]. Three cases with R776G germ-line mutations were
Caucasian, one male and two females [3, 8]. Our V848I patient was a Caucasian male, while the two
previously reported cases of V848 germ-line mutations were Asian females [9, 10]. Our cases were a current
and a former smoker. T790M germ-line mutations were found in three never-smokers and one smoker [7].
R776X mutations have been reported both in nonsmokers as well as in smokers, but no data are available
for patients with V843I germ-line mutations [3, 8–10]. Within large cohorts of EGFR-mutated lung
carcinomas, the vast majority are classified as adenocarcinomas. EGFR germ-line mutations are also more
often reported in lung adenocarcinoma, as in our two cases, but one case of lung cancer harbouring R776H
germ-line mutation has been reported with squamous differentiation [8]. As yet, is hard to envisage how
mutations that merely activate the kinase domain of EGFR might have differential effects on tumour-cell
differentiation.

The predictive value of rare EGFR mutations is not well known. Growth inhibition assays using cell lines
established from patient tissue harbouring V843I and L858R showed resistance to EGFR-TKI as well as the
resistance observed in the clinical case [8]. It is widely accepted that while lung adenocarcinomas with the
L858R mutation alone are susceptible to TKI therapy, gain of an additional T790M mutation overrides the
effect of L858R and confers resistance to TKIs. Nevertheless, in our case, V848I was not a resistance
mutation for TKI therapy, as in another case of lung adenocarcinoma with V848I EGFR mutation but
without information about somatic or constitutive mutation [14]. In our second case, the unique germ-line
P848L mutation is a TKI resistance mutation. R776X plus G719X mutated cell lines retain sensitivity to
EGFR-TKIs [8].
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FIGURE 1 a–c) Case 1, with epidermal growth factor receptor (EGFR) exon 21 mutations (V843I and L858R). a) Pedigree chart. The black case corresponds to
the index patient. b) DNA sequencing electrophoretograms for DNA obtained from lung tumour tissue identifying EGFR exon 21 mutations; both mutations are
present. c) DNA sequencing electrophoretograms for DNA obtained from blood, identifying one EGFR exon 21 mutation, the V834I variant, is present and
confirming it is germ-line. d–f) Case 2, with EGFR exon 21 mutation (P848L). d) Pedigree chart. The black case corresponds to the index patient. The hatched
box represents a case with head and neck carcinoma. e) DNA sequencing electrophoretograms for DNA obtained from lung tumour tissue identifying an EGFR
exon 21 mutation (P848L). f) DNA sequencing electrophoretograms for DNA obtained from blood identifying the EGFR exon 21 P848L variant is present and
confirming it is germ-line.
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Conclusion	

→ Le	Cancer	Bronchique	ne	fait	pas	parPe	de	
cancers	à	risque	familiale	majeur.		

→ Mais	il	existe	des	déterminants	généPques	
pouvant	favoriser	les	cancers	bronchiques.		

→ L’idenPficaPon	de	ces	polymorphismes	par	
exemple	a	pour	intérêt	une	meilleure	
compréhension	des	mécanismes	
d’oncogenèses	et	potenPellement	cibler	
des	populaPons	à	risque	



Conclusion	

→ Pas	de	recommandaPons	de	dépistage	
familial	de	cancers	du	poumon		

→ Ni	d’indicaPon	de	consultaPon	
oncogénéPque	systémaPque	

→ Il	faut	néanmoins	toujours	garder	à	
l’esprit	ce\e	possibilité	et	orienter	vers	
une	consultaPon	d’oncogénéPque	au	
moindre	doute.	
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