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Biology of Lung Cancer nazawlviinnIsnalewwg 81981310
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dewinaay 1gw yn3 niavadeideanie

R RIVEERIEY,

WwgN338 (genetic susceptibility) RN E

fimwnisnangwugeaindulaiosnis

AIEUINNIINDNELSINA18T U (multi-step 535NF1AWUUEN  (spontaneous random
)

t i i ) & a %
umorigenesis) mutation) ZelantaAnn1ndwulsnia
LASBINNIEUAINELTY (hallmarks of cancer) 42 0% o o o
co o o = DIYNLNNYW BanNITNNIINAIYNWHIIDIEW
vwaanunuikaNzs9Uan (cellular origin of lung d !

& A @ o a4 o a
Zyna1dwn1silaenilainsnaaasg v

cancer)

aaaauALin Nz SiUandaiganian (genetic change) N15ANWIITBNUIINS
(small-cell lung cancer) L1J5&1%LL1JMmammaamaaﬁusﬁa
wziSoonainozaluans8lusn N32UIMNI3NHDRNGNIIN (epigenetics)
(adenocarcinoma) ANUNUIMEIALURED tumorigenesis LA

finang1witnszuinnonziiolen
(=1 . . .
vOulUumia multi-step tumorigenesis

. = & J§IH190RIIINU preinvasive lesions v[,b‘vly
NSEUIUNITNINELIIANAIYTUADY L4 -
nawnazLUn invasive cancers N1SAN®N
(multi-step tumorigenesis) - r o
, - don1siddsuudacluszauluiana
N32UIBNITNBHELSY (tumorigenesis) _ 4 = o
- Do W d (molecular alterations) 17 AU n & 1w
WUBNTSUIBNISNIUZT O WULASHYANE o _ o o
2  ao o = . 4 preinvasive lesions WU NN geULd 8
AUADH NELIINABNUBANIINLZAFUNR \ _ o
. p . L. ueaINABILAY (allelic loss) ABIUALATY
lusnenie WWaigaaunfiinnisnanewug g o P

. 8 o dwaoalaslaligwiiiuns 3 (3p) 1Un
POIEUNFLANIBLADABNITULUIRIN ¢ 4 d o 1
Lo ) B tagnIsaiusnisuAwuldvosly
mauAalals azifinnisiufevwudasluid D a z ,

, o , . nszuIwnIsnansiselen nelunziSelen
soelspnannziSinsosaalsanawnzise . ™ o
dhmatganlaian (non-small cell lung
anany (precancerous, preinvasive = o -
. e e o cancer, NSCLC) uasnels9langhbmlaag
lesions) LAZLNBNNIINAIENHYIDIEW . M
ooy - . oo &N (small cell lung cancer, SCLC)
LNNNLEBABNITLNANSLILWNLAN 38 o , =
- - . o 11 preinvasive lesions 289nz159U0R
dnrsnasluilwgasuziSoanysoiln . _
4 J . % W B squamous cell carcinoma
fign den1siudenudasarnigaaunilu _
o v = b o= 4 . (squamous  metaplasia,  squamous
WwdaansiSenwidnauiwnisnanald _ .
e e oa o o . o dyspla3|a) 2IINUNIILERIBBNABDY cyclin
e wIwdwiul Aevunatanaldtaidn 4 e % 4 g o o4
o .. Lo D1 W@z cyclin E NiWHA% LHBLNEUNULED
n1snatenugrasdnlaganiziundy = (@ 4=

o L ynagaanuni @ luzasnnisfnunln
nalnguiARannisnanzi5e (driver genes, _ _ 4 =
atypical alveolar hyperplasia (AAH) #9.U
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preinvasive lesions 2 @d adenocarcinoma
WUHNIINA8WHTABI KRAS AT uAILA
preinvasive lesions #hanNan «ﬁw IRREY
allelic losses 289lAsIulAWANAT 3p, 9p
waz 17p demrminfinaraliiinnnsg
FULAeN1991191%A8 9 tumor suppressor
genes 78w fragile histidine triad (FHIT),
P16 wae TP53 minasu &

m%aaﬂmsuﬁaum%a (hallmarks of
cancer)

n1INAERUSHDs driver genes Haana
iligaanziSeflmiuiinunfizeg
FUIBNITAI9T NdrARen1s Tn
LAAANEZLS (dysregulation of pathways)
wateAwlaganIzag19Biniainge
Jadeiinszgunisiadaivla (growth
factor pathway) Fofeat0enun1sul s
2091788 (proliferation) §9ualWLAA S
LAAIEENHIAMANYNE2DIAITNLTY
N1 (malignant phenotypes) AuAnsng
I mEasund 14w n1sudedafiaan
HaUnfnmeUs1AI1ANISAIUAN
AIINEINITAlUNITaNATNLAS
UWWsns2a1e LU nAY Tma@mﬁ'ﬂwmzﬁ
waniaanzasizasnaAnlunisnesin
NZLB0UH 18130595 8NTASEINNNE
wrienz159 (hallmarks of cancer) Fanana
11lme Hanahan waz Weinberg Tudl 2011
@ fiog 10 Uszn1smvik

1) fyqmnisudisafifiodonaiio
(sustaining proliferative signaling) 1%
growth factor receptor pathway | % %

epidermal growth factor receptor (EGFR)

pathway wazlusfufignnszguluniodin
2849 EGFR 16iiLAl KRAS

2) AnaNIsalwa1suteswuula
311 @ (enabling replicative immortality)
1% N1SANNITUARIBENT8Y telomerase
Ferininfia telomere ldfuUaneane
DNA ¥ilvaansaA1Ii1nindnnaasnis
uudLaaa (replicative senescence)

3) NSMAULABINTITTINITHZDIE WA
n1stasaiAule (evading growth
suppressor) L% % RBT and TP53 F99i1
AR gudan1snensi5e (tumor
suppressor genes)

4) n1shesenalnnisaiezandas
(resisting cell death)

5) N19QNATNLAZLNINTEI Y
(invasion and metastasis)

6) N1sUaenLUaIgadNn1UaaTs
209NA (altered energy metabolism)

7) n1sds19Ld iAol v
(angiogenesis)

8) nMInaunannsgninaelnedas
NHANAK (immune cells)

9) Awlatafesaaedlun (genomic
instability)

10) amazmsé"mauﬁns:@’umn
N2159 (tumor promoting inflammation)

INNAINNFT VAW TIAUANTANT B
LASBINNIBURINZLS0 18100
Uszgnaldniomdinludagiu n1ssnen
wuugodilufinalnnisaaugunis
aSetAule 14w n131d EGFR tyrosine
kinase inhibitor (TKI) #3admn1sAunaln
finziSenauidesn1siiatenaeLgag
NHANN® L2 ﬂ’lie[,‘ziy checkpoint inhibitors
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anti-PD-L1 WA anti-PD-1 Z9lANAR L
Nz159lam

wiaasuniangiSelan (cellular origin
of lung cancer)
nqwinanfugasnniinaonzise
UaaIndANuLANA1INwATNZRAta 8284
We153ne (histological subtypes)
TnerialunsSevanuvaduaosafiangn
Ao dz5eUonainlgaaian ez NS
UanaRnLaaa litan NSCLC 89818190
wuddoeLUundn 3 3HA Ao
adenocarcinoma, squamous cell
carcinoma 8¢ large cell carcinoma Ing
WU adenocarcinoma "Lm”ﬂaaﬁqm m’mg”
NVAIWABANRALAZNTZUIBNITLAR
nz5efinndn Jwwasnn1sAnwlise
AIENITUTURBIN UGN TINYDINYABUUY
(genetically engineered mouse models)
USeNaunuUmITNAIIARIA I HAD S
wmalwlagnisnsranisdanugnasugm
Tval (next-generation sequencing, NGS)
Foh1e high-throughput molecular
profiling ¥nladesin (Sufinnaasnisadn
The Cancer Genome Atlas (TCGA)
aadibaynsonanlulonlsznoudiv
NAAAARA1THA IURRDAANIWIA ALY
(trachea &< main bronchus) Usznay
B8 basal cells Gea1a1sniasaluiiu
secretory cells ag ciliated cells E[.mlfuz“?i
U510 naamaNawIALan (bronchiole) Az
WU clara cells %138 club cells Lr‘ﬂ%ﬁ'mglmy:
F99z19530yTULw ciliated cells waswy
pulmonary neuroendocrine cells 15318

unsnilungudaeidn 7 sa8a98 d9u
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unn 1 TUUVIEJ’]TENJJ&L‘N‘UQ@

USLanugean (alveoli) Usznaulusiae
pneumocyte type | L& pneumocyte type I

nsAnwIfagasnwiLinzaeNzLs
Uopumazdhn a1H8N1SNARBIAIN
genetically engineered mouse models Kin
nan laeldszuu Cre-loxP SINAUNNS
ﬁ’]‘ﬁ%ﬁﬂ’]iLLﬂﬂﬂaﬂﬂ?la\ig‘%‘ﬁﬂ%l‘u
WHhgnNIsusae cell type-specific
promotors Elm?iaqﬂaamaw%aqaau (3U
ii 1) lauA surfactant protein C (SPC) ii
wuln pneumocyte type Il cells, clara cell
10-kDa secretory protein (CC10) finulu
clara cells LLa e calcitonin gene-related
peptide (CGRP) Anulw pulmonary
neuroendocrine cells Lﬁlaﬁ'muﬂslﬂyﬁ N9
Lamdaandad driver oncogene ‘ﬁ‘W‘UI%
nziSeUanunAazahn

iraasuiiinlunziSelanviinigas
L&an (small-cell lung cancer)

sCLC simAngwuSinunasnanlng
d1nNINzNAISUARIDONAD I
neuroendocrine markers 3 9% 1 1AL A A
kN H f?lg’l%?"] pulmonary neuroendocrine
cells Fofwandfinuviaanszanaunsna
'ﬁ"m'm conducting airway Iﬂﬂﬁﬁl%‘lmylwu
\Unnguigaauian bronchioles Wwdaa
Fui1fnzae SCLC wananmhann
N13AN®¥T tumor genome 289NzL59UBR
#%m SCLC NNWU inactivating mutations
20984 retinoblastoma (RB1) waz TP53
?d;\ﬂ,f{.]% tumor suppressor genes L%%ﬂ")%
1w qj ’fi\i A1A31LT % driver mutations ﬁ
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Eﬂﬁ 1 Cre-Lox system (adapted from Blanpain 2013)

LoxP LoxP : Oncogene

Oncogenic signal OFF

Cre
recombinase

Cell lineage-specific
promoter

,:Oncogene
Oncogenic signal ON

FoannRgiuiblagndudusaenisfnuln
Wy N5AnwILsnlae 1o Cre-loxP system
® 1y fifl conditional alleles &% RB1
waz TP53 (RBlox/lox; TP53lox/lox mice)
Na931N1tASU Adeno-Cre virus 1114
waonan 29991 1WLAR inactivating
somatic mutations 2898% RB1 Was TP53
"lmﬁaﬁﬁaqﬂawmmﬁm Waand1n
U 6-8 dUAIH NuIRnziSeUan i
USIIUNAAANARTEFA LAWY LTRANNTS
WU9F7ig9 (high mitotic index) WAL H A
neuroendocrine markers b 6 & A
synaptophysin WAz CD56 #9141 1Ay
snwnizaasnziSelangfia scLe luamsd
clara cells 58 pneumocyte type I Tals
iansudsdafanund nsAnuwniaed
ATNSNIZHINEW Taan15917 inactivation
289 RB1 WAz TP53 alleles H1% cell type
specific Adeno-Cre virus me clara cells,

pneumocyte type Il cells, and

LoxP LoxP

Tumor suppressor gene

Essential exon(s)
Oncogenic signal OFF

Cre

recombinase

Cell lineage-specific
promoter

Tumonsor gene
Oncogenic signal ON

>

neuroendocrine cells @ wan1sAn®n
WU71 inactivation 2098% RB1 Waz TP53
14 neuroendocrine cells taeld Adeno-
CGRP-Cre virus 81815091 #1AR NS4
Uamd%hm neuroendocrine tumor ‘ﬁﬁ high
mitotic index Wa 88 N & A NCAMI,
synaptophysin, CGRP, TTF-1 markers
danfinuln scLc anonyud nzi5ef
\Andudinisgnatanluds mediastinum uag
H9N5298N0 wazd n1sanszanelUeaan
wonUom 14w 65U uaz 1a Tnanzi5ef
nszanelUfidanemenione1dinen
wdawiuseslsanziSolanlgugi R
EngwiInnA1aA2a9 SCLC 1%IN191N
neuroendocrine cells L"ﬂwfiﬁ'ﬂ %aﬂf\]"m‘a
§INUIIN138UEIN1TUEAIBENADY RBT
ey TP53 1% pneumocyte type Il cells IEIEJ
14 Adeno-SPC-Cre virus #13150%1 1AL AR
neuroendocrine tumor 1a WazWUI AR

&?WLLﬁmLﬁaqﬁaamaudauﬂmﬂv[m” WANU



lavaendt annsainlwaylszuim

50% WasldssasLl1a1nalsABI®AIN

Twanen wuan drduss RB1 way TP53
1 o v a <

1 clara cells TavinlviiAianz59Uan

NzlSolamdiinazialun1saTunn
(adenocarcinoma)

Adenocarcinoma S ALAAZHUS LY 0
matAnrneladiwlansuazinaziinig
LaRIBBNABY Surfactant Protein C (SPC)
Unigas o uiaSonNIg09gas
pneumocyte type Il inlWiAnauyHgIwin
LIA8 pneumocyte type Il 1Az UL AaRH
AR89 adenocarcinoma 8819LSAATHN
9 nmsAnEln mouse models AlwiAnn
adenocarcinoma awmﬁmim”mnmaﬁlﬁiaq
maiunielavianeaia lawn clara cells,
pneumocyte type Il cells L & ¢
bronchoalveolar duct junctional (BADJ)
cells (Ul 2) soaznansely

nsAnwInIsnateRngzasduluazise
Uamnahm adenocarcinoma WUI1N15LA A
activating mutations 284d oncogenes VUn
oncogenic driver Nd1AY laggingag
oncogenic drivers ‘ﬁ NUUBeRAAIN
wanatenwlulsznadelannsiuaniu
Uszinruaulaldensiueann na1ine KRAS
mutations FeduWusAuNIsgUYNT 1T
mﬁma\‘lml,%\‘iﬂamiﬁﬂ adenocarcinoma i
wulasfiga (20-30%) Tutszinadedn
Tanmzuan Iwaasfi EGFR mutations 3¢
snwuluglaguyns Dwngaaonzise
Uamdihm adenocarcinoma Wuﬂaﬂﬁqﬂ%
UszinAuauLaldenzIwaanIINDIUSEINFA
Ine (40-55%)

A A a =
unn 1 "IJ’J’JV]U’]"]JE]\‘IZJZLEG‘]JE]@

o

U [ da s
ﬁgmmwuuztseﬂaﬁnuminmawuﬁ

]
229 KRAS

N15ANYINBEBUUY adenocarcinoma
Afinsnaneiugaas kras ldndnnns
Lox-Stop-Lox (LsL)

=]

KRASG12D mice % % 1 § transgene

conditional

fanan9l{EINISOLERIBaN exogenous
KRAS ﬁﬁminmaﬁué fign13nrienn
TAita9a1nd stop element lun1sAruRy
NSUARIBNYBY exogenous KRAS MRN1S
nateRwgww uddnyuulasu cre
recombinase K% intranasal infection Aag
recombinant adenoviral Cre (AdCre) a1
14i1Am deletion 289 stop element &IHALA
AN1INIZAWNISUEARNIBBNZDI KRASG 12D
16 nan15AN¥INUIN Lox-KRAS mice a2
ianziSeuontwIwluaauuuunwans

multi-step carcinogenesis n SRR L%I EN
I1nnIsLAm atypical adenomatous
hyperplasia (AAH) i alveoll wSeysialiin
adenoma wazsa Ut adenocarcinoma
Tufign ) wazdanfin sPc usilifin cc10
‘U'G%'i'] pneumocyte type |l L?]%Lﬁaém”%
S115AN15LAA adenocarcinoma 156n5 74
%0NA1N AAH lesions WA2 Lox-KRAS mice
\indl epithelial hyperplasia (EH) fusion
bronchioles eganfin CC10 wnlsifin SPC
Vad8o clara cells luzaaansuinnzise
Uaalaiduin wonainitdewuuisseslsa
wiaznulavaeninusiiuseeasezning
alveoli W82 bronchiole AganiANd SPC
uaz CC10 ylWiin1sntanyfigIwiniead
L&"iaq%aamﬂu%mmiaﬂﬁaﬁ% Fesins
LEAIBaNTI SPCUAz CC10 81915
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bronchioloalveolar stem cells LaLLUWE %
AuianziSeUanlaiduwin

nmsanwlag Xu et al @ lneldinaiia
“knock-in” Cre recombinase-estrogen
receptor (Cre-ER) alleles 1n13n5¢ B 1
N1ILEAIDANABY KRAS ﬁa’imsnmﬂﬁuiﬁ:
Twaaaidoyniainnislanaresiin
wudn Twnuflfi CC10- CreER knock-in
allele ij o N activating KRAS mutation T
clara cells iNl¥LAim hyperplasia Ausiin
duct junction region Wl hyperplasia m&i’l‘a
laiiaSeuratTu 1Uw adenoma w8
adenocarcinoma 12z # kb‘ﬁ § SPC-
CreER knock-in allele ﬁaﬁ activating KRAS
mutation 1788 pneumocyte type Il il
LA B hyperplasia 1% alveolar space ‘ﬁ
d1n1sntasqaelUiln adenoma uase
adenocarcinoma b5

nnsAne1laeSutherland et al © Tae
14 cell-type specific Adenoviral Cre
recombinase vectors L& kA Adeno-SPC-
Cre virus W@2 Adeno-CC10-Cre virus 11
ﬂ'l'iﬂ’izlijl%ﬂﬂ’il,l,ﬂﬁlﬂaaﬂ?laﬂ KRAS “ﬁflﬂ'ﬁ
ﬂa’lslﬁ%é T%Lﬁﬂﬁ pneumocyte type Il LA
clara cells 1% # Lb‘ﬁ #  Lox-Stop-Lox
conditional KRASG12D AI1NA1AU K&
A1SANEINUIN ‘ﬁy’ﬂ pneumocyte type Il LA
clara cells a18150taslUtTw
adenocarcinoma Lﬁaﬁmmamaanﬂaa
KRAS Tfinnsnaneug uafisunisiiin
WANA19A% LAe Adeno-SPC-Cre infected
KRAS mice 15 NAwLAnLTW AAH fiuS Lo
alveolar space wazaN1saLasysa lUln
adenocarcinoma 12 a4 s i 1 1) filesu

Adeno-CC10-Cre Lfim focal hyperplasia

L% N Iﬂy%‘ﬁ USL28¢ bronchio-alveolar duct
junction (BADJ) Im# lesions fiusiamitung
lgagzAN158aNER SPC HaNINI
adenocarcinoma ﬁ‘u%um alveolar space
fifindwidonfin SPC annn1sAnwE
HivedeaqUuingaaswningasnsts
Uamafia adenocarcinoma fisin15nane
WWG289 KRAS §IN15ONTIINNILDRE
pneumocyte type Il LLAE clara cells 53\1%53
dun1enisnenzSefiunnaiens lag
L] pneumocyte type Il %ﬂagju%wm
alveoli LUwigaanuwitianziSenan
Tsamuzi clara cells fiUSL2as BADJ 921fim
hyperplasia 1681nN91 wazHuIoLZaaAS
N5 differentiation 310 clara cells 1ULU%
SPC-expressing cells HUS1904 BADJ WAz
gnanfaniisaluidn SPC-expressing
adenocarcinoma A waaa1n BADJ Tulu

alveolar space

ﬁyﬁ'mwuwawmgwaﬂﬁﬁmsnma
Wuguas EGFR

nsanwlag Politi et al ' feunuin
289N19NA18W G289 EGFR (mutated
EGFR, mEGFR) 1w tumorigenesis 2 8 4
Nz159UamYA adenocarcinoma 81ABNNS
837149 transgenic mice fAfF2UUNITNTZ60
Iaelden tetracycline lun1sAIuANnIS
WEAIBBNYBY MEGFR Li4aa LAeEH1®
clara cell specific promotor (CC10) b
reverse tetracycline transactivator (rtTA)
F9N1SUHAIBONYBY transgene 22N
AIUANGIIE doxycycline HANTSANYINUIN
Wiial¥ doxycycline Lﬁianiz@”ﬂmﬁﬂmi
WHAYBBNZBY MEGFR LUnI1a1 2 §URTH



W7 H EGFR L858R allele azLinnzL54
Uanniszangninaiauwniela Alanvae
A&18 bronchioloalveolar carcinoma (BAC)
Tunywd dearnnsorasaysoliilu
multifocal adenocarcinoma T%ﬂmz‘ﬁﬂkbﬁﬁ
EGFR exon 19 del allele 1A A multifocal
tumor fuSiase BADJ Imeldinaruinnin 4
FURNH uaswudn Lilangnly doxycycline
WNaannIsSLERIaanaad EGFR mutant
%38 N15LH treatment AA188161% EGFR
tyrosine kinase erlotinib §18130 nlw
(% [~ [V~ o [V~ =1

nawnzisedaacls [WuwnsganlviAnge
AMNEINITAZDI MEGFR LhNTZUIBNNT
1 [ 13 v d .

nonsSevlan laeriininfitduw oncogenic

driver 284 adenocarcinoma

%Hﬁ'w,wuusﬁwamwﬁm squamous cell
carcinoma

Squamous cell carcinoma NALh m%%
S mMatinnielaginan wazsininig
WEMIBBNYBY basal cell markers b5l A
KRT5, p63 WAZ SOX2 URKILAAS N11H
\inanyFigIwdn basal cells wiasilwaad
AnAILRA n1sAne RwAILERAD g
squamous cell carcinoma Twn ‘kmy% IR
#5A transgenic SABWEN9STA Wia9a1n
laidl oncogenic driver mutation ﬁﬁﬂ LW
1AwLAEINY adenocarcinoma 5189719015
Ll @ spontaneous lung squamous cell
carcinoma .1% kinase-dead IKKOL knock-
in mice (" TngwuanwML20IN158NLEY
209Uam LiaLAR IKKOL downregulation &
navilviiimnisuamsaanaas P63,
TRIM29 uas KRT5 Zaidunsasnane 2oy

squamous cell carcinoma 119 An HWI@ g

A A a =
unn 1 "IJ’J’JV]U’]"]JE]\‘IZJZLEG‘]JE]@

Xu et al "® Wwui1 nrsgLde tumor
suppressor gene LKB1 A& PTEN &@1:H190
ﬁ']s[,‘ﬁyl,ﬁm squamous cell carcinoma ‘luﬂam
ADINR U Imﬁlﬂ’l‘iﬁﬂuﬂmﬂw Cre-Lox system
nan7Aa conditional LKB1 fl/fl, PTENTl/fl
(Lkb1.,Pten or LP) mice & 8 la s u
adeneovirus-Cre 111 inn1s86ueIn13
WEAIBANWUY bi-allelic 19 LKB1 Wag
PTEN 89N abWLAM squamous cell
carcinoma Iwlanfitaa1 40-50 dUA R
Fodudumreanwmsnionensiegusneeas
LZaaNeL39 (morphology) L7 % WU
keratinization WaZNN1SLERIBENYDY P63,
KRT5 Wae SOX2 WAldAN1suLanIaanaad
TIF-1 3910 wimSaonane2a

adenocarcinoma

ANUgAIERsYaINzLSeUan (genomic
landscape)

nsAnu18lun (genomes) 289nzL54
Uan ©7 wuinfignsuinnisnaneiugi
AR ‘[GIE]LQfd‘iEI 8.9 somatic mutations 68
megabase Imlé’mwmsﬂmﬂﬁ'%éﬁgﬂam
wulunguanldnziSelanfiguyns (8-10
mutations per megabase) EhERE ﬁ’“LJGL%
;j’ﬂwﬁ"(,aigqu%i (0.8-1 mutations per
megabase) AR8ATUAANITNATEHE A
nd189 10 111 wananwdonuinlu
genome 2898z159UanfiAndUTaN lne
wun1sifewutasaasdtuinaaclas
INILﬁuﬁLNmiﬁ@:ﬁ% (chromosomal copy-
number alterations) LAZWUNIIIALILIF
2098uRAUNG (gene rearrangement)
FIWINHIN FINALANITATITNUNIS
Waswwlasmeingnssaiinulusnsen
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UNN 1 TINYIVBINLIIYA

N9 5% wazlaAs lASUS1891BNINDW
WA819.U% oncogene NIULARBWHANYDY

squamous cell carcinoma v‘i'lv[,m”mn%'u

Eﬂ‘ﬁl 2 cells-of-origin of lung cancer subtypes (adapted from Cheung 2015)

Cell types

— Ciliated cells

A
Basal cells

\4

Clara cells (CC10+)

Bronchi / Trachea

IKKot-
Lkb1-/Pten-

Cancer types

Squamous cell

carcinoma

Small cell lung

Neuroendocrine
(CGRP+)

Bronchioli

BADJ| BASC (CC10+/SPC+)~ _ -

Pneumocyte (SPC+)'

cancer

Kras+/p53- Adenocarcinoma

Pneumocyte |
Alveoli

1NN1SANBITLASIEH chromosomal
L& e copy-number (ms'mﬁ 1) WUNI9
Wagnulasiinulaves 2osazi5elan
% % m adenocarcinoma, squamous cell
carcinoma W& small cell carcinoma ©"
gNMI8819Ld % deleton 2849 3p

chromosome WulUwgUuRn1saida9usn

‘Zlaﬂﬂﬂil,ﬁﬂ}lzl,%\‘lﬂﬂEli%“qﬂ?iﬁﬂ‘c’iaﬂ
L2494LAEINU CDKN2A deletion LaZHIN1SA
wum'il,ﬂﬁauuﬂmmaﬁuqnﬁuﬁﬁuww
AurindagroinziSelon a1fitdn 1)
S0X2 amplification U 3q chromosome ‘ﬁ

wulu squamous cell carcinoma 2) NKX2-



1 amplification U% 14q chromosome '?iﬂ
nulu adenocarcinoma
a1nnsAnwInIsUAswLUaINIg
Wwgnssnudnaminsiaiinundn
( coding-sequence) (ﬁl'l'i'lx‘i‘ﬁ 1) 1w
adenocarcinoma Wuﬂﬂﬂiﬂaﬂﬂﬁué?}m
oncogenes finuUseAoih KRAS (33%),
EGFR (14%), BRAF (10%), MET (7%),
PIK3CA (7%), RITT (2%) WazWUN1S
natenwggaeBusiunziie e P53
(46%), STK11 (17%), KEAPT (17%),
NF1 (11%), RB1 (4%), CDKN2A (4%)
woNINHEIRNIINATBR NI 9B NN
chromatin modifying L& WA SETD2 (9%),
ARID1A (7%), SMARCA4 (6%) LagnN19
Na1eNWg2898wngn RNA splicing laun
RBM10 (8%), U2AFT (3%) WazEanui
meGFR sinwulunzi5evenifdnsn
transversion A1 NN WS TUTB Y AN
pABNASNNY mEGFR Twawdlaiguyns
Tuamuei mutation 289 TP53, KRAS, NFT,
STK11 waz RBM10 sinwulnazSelandi
f165191289 transversion g4 Feazduiug
ﬁ'umsgjuqﬁ% nsAneINI T Aewulag
284 coding-sequence EI.% squamous cell
carcinoma NNWUN1FLREBnATWNLS
N1INNIIN1INALRKGRaEISUF YN

Ii @ %v[, ALbd ( receptor tyrosine kinase,

A A a =
unn 1 "IJ’J’JV]U’]"]JE]\‘]JJ:LN‘]JE]@

RTK) lnennsgeyiie TP53 WAy CDKN2A
wulawelw adenocarcinoma ua ¢
squamous cell carcinoma Gluﬂmzﬁg%myﬂ%
NSL%G%%M%%M% PTEN, NOTCH1 was RB1
WULQW']%GL‘% squamous cell carcinoma

iadinsnsidayasIniy nooi
é’ﬂwmzmim?islmmawaﬁmimmﬂu
N19LA AR d8wA1S 9 (dysregulated
pathway alterations) (115197 1) @ Tu
adenocarcinoma 3¢WU dysregulation 284
RTK- RAS-RAF LLae PISBK-MTOR pathway
gonulsUaafe 76% uazwu dysregulated
RNA splicing pathway g Gi,uﬂmxﬁuxl,%ﬂ
Uanafaigasian (small cell carcinoma)
NANU dysregulation 289 NOTCH signaling
Feflunuaniieaiu neuroendocrine
differentiation %Emil’m‘a dysregulation 284
oxidative stress pathway ﬂ’m’liﬂwuvlmul%
NSCLC ﬁy’\‘i adenocarcinoma ka% squamous
cell carcinoma A& common dysregulated
pathway ﬁwu‘l%nnﬁﬁm*&iaﬂﬂaﬁmﬁdﬂam
‘ﬁy’ﬂ 1N UG adenocarcinoma, squamous
cell carcinoma L& & small cell carcinoma
RomINlaUnAlun1sAIUANTYINIYDY
n1suuatgaa (cell-cycle dysregulation)
Lazn15UsULUA Y nucleosome Fodina
\AegnfudasiunisaauaumIgan1IzIngg
WWGNI3H (epigenetic control)
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@131497 1 Mlsuudasszauluanaluwzifidaa (adapted from Swanton and

Govindan 2016)

Molecular

Adenocarcinoma

Squamous cell

Small cell carcinoma

Alterations
Cell-cycle
pathways
RTK-RAS-RAF/
PI3K-MTOR
pathways

Oxidative stress

pathway

Other mutations

Deletions

Amplifications

Rearrangement

TP53 (46%),
CDKN2A(4%)

RAS (33%), EGFR (14%),
BRAF (10%), STK11
(17%), MET (8%), NF1
(11%), PIK3CA (7%), RIT1
(2%)

KEAP1 (17%)

Aberrant splicing
U2AF1 (3%), RBM10 (8%)
MYC pathway; MGA (8%)

CDKN2A (20%)

TTF1 (14%), TERT (18%),
EGFR (7%), MET (4%),
KRAS (6%), ERBB2 (3%),
MDM2 (8%)

ALK (3—8%), ROS1 (2%),
RET (1%), NTRK1 (3%),
NRG1 (2%), BRAF (3% in
never smoked), ERBB4
(1%)

carcinoma
TP53 (91%), CDKN2A
(17%), RB1 (7%)
PIK3CA (16%), PTEN
(8%), HRAS (3%)

CUL3 (6%), KEAP1
(12%),

NFE2L2 (15%)
Squamous
differentiation:
NOTCH1 (8%), ASCL4
(3%), NOTCH2 (5%)

CDKN2A(27%),
PTEN(3%)

Chr3q: SOX2 (43%),

TP63 (29%), PIK3CA
(38%), HES1 (26%)

FGFRs (rare)

TP53 (92%), RB1
(75%)
PTEN (5%)

Neuroendocrine
differentiation:
NOTCH1 (15%),
NOTCH2 (5%), and
NOTCH3 (9%)
Epigenetic
deregulation: EP300
(11%), CREBBP (10%)
TP53, RB1, CDKN2A,
Chr3p (e.g., FHIT,
ROBO1)

MYC family members
(16%): MYC, MYCN,
MYCL1, SOX2 (27%),
FGFR1 (8%), IRS2
(2%)

RB1 (13%), TP73
(7%), CREBBP (4%),
PTEN (4%), RBL1 (3%)



