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In the past decades, substantial developments in the understanding of molecular biology
in non-small-cell lung cancer (NSCLC) have improved diagnosis and treatment of NSCLC
based on the genotype of each patient’s tumor. For example, gain-of function mutations
of epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) rear-
rangement are sensitive biomarkers in predicting tumor response and survival to EGFR ty-
rosine kinase inhibitor and ALK inhibitor, respectively. However, since NSCLC is one of the
most complex and heterogenous cancers and the leading cause of cancer-related death in
the world, there are still many challenges for prevention, diagnosis, and treatment of NSCLC.
This review summarizes the molecular biology of NSCLC including activation of oncogenes,
suppression of tumor suppressor genes, angiogenesis, epigenetic alteration, microRNA, telo-
merase, cancer stem cell, and cancer genomics using next generation sequencing methods.
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ek st I8 2|2 A o) Aptelo] vl A5 selek
9] ’%‘%—%01 Z7Vs3t) tiaE4Q] of| 7} epidermal growth factor
receptor (EGFR) &%1HH0]%} anaplastic lymphoma kinase (ALK)
e & (rearrangement)© |tk EGFR EAH0)7} Sl A9k k2t
Al EGFR E|2A17|LpoFA4] A A|(tyrosine kinase inhibitor, TKI)
2 Bofshl 7|29] GebAo] Hlshe] whg-Bak R ARYET kol
455] S7FEHH1]. ALK AR E-2 H] 24| 5| 9F $Ex}2] 2-7%0]| A
W UERA]EE ALK TKIC! crizotinibo] ALK AjH&o] Q)= 2k}
oA £& A5 Kol nl= FDAS 7] 591 AUHHR]. 53
crizotinib-& WS-8 of| =8} 4= Q)= 33} L5 F 2] A (bio-
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marker) & 0]-88} 32} AHel& F5}o], oF & 5210 £ Q%= Al7E
I} H] S-S R TAAA F5-2 Btk dA) v 2wt
o] A gt= ujef o] oJgto] el FAe Rl 7Hl YEA] R

g Aol

e A e GOl BT O ulAA
2 LR o &5 Holar ofjfal Xe, 2| mof| A s Asfjof ot
A% 77 glek 7 8] 39 ik ere) 444 vl
(heterogeneity)2 & 4> QJtH3]. cFetA| 2] G-, ZAH 7 (epi-
genetic alteration)©] B-3%|o] A=t AL HA|Z7} HGA 2= A
3l=]o] Hjofo] WA= Ao &7 Z=AwL} oA "kE o} 3 ko
SAlEC] AFE] Qlet oF 85%2] Heto] FAT HE o] 9lott

UpolA] 15250 F912 314 9 BbollA] s, olS-2 o}
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olskstela st e ol 50] o] o] 2|1 ek of7|4 ]
| 2] e (pathogenesis)f| Tofst= F-83F EAMY =3t
2 7170 2, 1) S+ oncogene) | 243}, 2) FF A4
ZH(tumor suppressor gene) 2] H|Z/J3], 3) P4l Y(angiogenesis),
4) T AJH 7 (epigenetic alteration), 5) microRNA, 6) Bl ZHZ|o] A
(telomerase), 7) =7 A 3 (cancer stem cell), 8) EF -8- A A SH(can-

cer genomics)f| ts}o] 7]&5}al A} ghet

rhe

=

1. SYRTIXIS| &8t
F ol A 2 8ke= T4 oll= EGFR, ALK, RAS, ROSI,
MET, RET 50| 3L, of2fet 3y SFdAE 4 o= 5=

A=A A= A 0 2 A A ck

ﬂJ?i’ ol
s

2~
T

1) Epidermal growth factor receptor (EGFR)

EGFR ErbB E|2A17|L}olA| 42841 (tyrosine kinase recep-
tors family; EGFR, HER-2, ErbB-3, ErbB-4) %-2] 3}U=, A|3Z2]
27F=A %S Y (extracelluar ligand-binding domain) ¥} E]2A17]
LolA| 4 (tyrosine kinase domain)& 3E§H3H Al 3] G (intra-
cellar domain)2 7}4| 11 Q1= WG €] 2417 oA (transmem-
brane tyrosine kinase)©]t}. Homodimer '+ heterodimer& 0| &
F=8Aell 2=t AgFsh Al ZU o) Bl 2Al7 Lo A7 2 S
11 oA EGFRO]| 9J8f] A= A1F= phosphatidylinositol 3-ki-
nase (PI3K)/AKT/mTOR, RAS/RAF/MAPK, JAK/STAT Al &4
AEE SYseiths].

EGFRZ H|aA| ZH|oF] ARtol ol A 2pidE|o] 279 3£
20 7 g2 ¢50] AIRE|QITE EGFR E| 2417 o] 42
o A|5}= EGFR TKIZ | 7= ) o0, T 32101 OFA| 7| gefitinib};
erlotinibo |tk EGFR 7|UA|%¢¢] E¢iHo]7} EGFR TKIS| &1}
£ 95 2 4= = AR Aol HrejFlazle], EGFR EHol=
T2 A2 B 247 WA B2 A 4 Al (exon)ol| 4] Pojub o
£199] A& (deletion)o] 45% % 71 81l A8219] FE¢1H0]
(point mutation; L858R, 40%)7} 71 TS0t} 0|23t Z¢iHol =
T2 225 0 & Aol o4, BIZAAL s lofl A ek

olt] A AutE Hige 2 @AY vl 2HSF 47] A%
© 2 2t $HA}= EGFR EAR0] HALS Aldfste] EdRo] &
A A] X7 2 EGFR TKIE Fo{slt}

2) Anaplastic lymphoma kinase (ALK)

ALK®] 717 &3} Ajul & (rearrangement)-, 21 A 2] A
(inversion)]| 2]3} echinoderm microtubule-associated protein-
like 4 (EML4)-ALK §-%}(fusion)©]™, EML42] Zo]of| w2} t}oF
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3t EML4-ALK g3t 7} &A8tt]. 2| TRK-fuses gene (TFG),
kinesin light chain (KLC-1), kinesin family member 5b (KIF5B)2}
ALKO] g-gto] H AL EQITH7]. o]2fgh Holo] oJsto] ALKZ} 2]
S}=]H RAS, PI3K, JAK-STAT3 5-2] Al S G A A1 S -5-5t0] A2
2418 2710717 HEAE A apoptosis S eJAIEHTE ALK Ay
HE H| A ZH| ] 4%l A AR, T2 AL, Bl gAR; A
CREEEET]

20073 H|oflAo] ALK AufHo] A5 H.11% 0] 9[9], ALK ¥
QA BEfol| A =2 WG5S Hol= ALK 7|Ho | AA|AIR] crizo-
tinibo] FEIRL, ALK GPAI] $AH2 thARO 2 3 14, 248 1
Aol A BHEt RIS Hof 20111 FDAS] 5915 {QtTH2).

3) RAS/RAF/MEK/MAPK

RAS ¥E9F3- 712 H(proto-oncogene)+= KRAS, NRAS, HRAS 5
o] JIaL Njaz5-4), Fotet BES A= TS JERItHIo)
RAS THil A2 ] EAd 5] AL o] A= guanosine diphosphate (GDP)
2} Agle|o] 9131, GDP7} guanosine triphosphate (GTP) 2 2|2}z
H 24 5}%]o] RAS/RAF/MEK/MAPK®} PI3K/AKT/mTOR A&
AGAAE Z/dst A1k

BT A RAS/RAF/MEK/MAPK A% ASHA| 74| 0] 2433} = oF
20%0] 4] VFEfLH, S22 KRAS EHolof 2Jgh 210 2 HRASY
NRAS®| EARol= EETh KRAS7} #|9H0] Aol F-a3t g
o dekab] Wo] o}2 FHo R ol e elEo] giou
RAS Th} 21 0] 'HHY T 914 (posttranslational processing)-& S A5}
+ farnesyltransferase & 4|2} RASo]| tfj ¢l antisense oligonucle-
otide 5 -85k A= AJ38HA] LF3ATHI0]. Z|ofl= RASE]
obef TA%] RAFS} MEKS JA|SH= A&7} A5 5] AL Qlof 1 2
s}z E e

KRAS =¢1H0|5 7Hd 73-¢- EGER oA o] Ao g A4
£ A&2 0 2 d/dststo] EGFR TKIO| A3 Uehdth= &
a7} Qlo] dollA F=osfiok tehill.

4) Phosphatidylinositol 3—kinase (PI3K)/AKT/mammalian target
of rapamycin (MTOR)

PI3KE= A E2] 474, 24, A, 0| motility) 7} G Abel] 20
2 olah hekeln), ofe] oy FollA] Aol e Rt
27| A0 7 =5 uky Q)r}H{12,13]. PI3K: EGFR, HER2, &
P T4 #o1R} =8| (vascular endothelial growth factor recep-
tor, VEGFR), platelet derived growth factor receptor (PDGFR) &
T2 ookt A ara) Bl 247 |Uo A 84|15 5ol 24 e
M phosphatidylinositol 4,5-bisphosphate (PIP,)E phosphatidyli-
nositol 3,4,5-triphosphate (PIP;) = $2FA)71T}. PIPs+= phosphoino-
sitide-dependent kinase 1 (PDK1)¥} AKTE &4 $}slal, PDK1+=
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AKT2] Ed| 2 (threonine) 3082 1413} 61o] AKTS ZHAls}atcl.
PI3K-AKT A% | A= 1) mammalian target of rapamycin (mTOR)-
containing protein complex (mMTORC1)S &AJ3}s}o] thalzl &
du} Al S kL, 2) MEEAPEAS SAEke] AlZo] A
£5 377141, 3) kB QIAFSHE: E3 nudlear factor kappa-B
(NF-kB)E 2J3}5}H, 4) Al 32771 (cell cycle) o] ZI3go] FoF-2 1]
Z(GSK3, p21, p27 &JA]) All 32 5-A)0]| Tofgtth12,13]. T3 PI3K=
RASHA 2} o Azto] et

oM FollAl PIBKS] /3= PTEN, PIK3CA, AKTI 53}
B PIK A5 RS TS B0 FHAY] BN 25
o 15k A3 BGER#} 22 F|ZA17 | fop] %8} RASS] o}
of ofa Wggtct @A PI3K, AKT, mTOR®] A4 7} 7] of
AT Folck
5) ROST

ROSI:Z 97 E| 2417 [Uo Al 4841 RHE= AAA 61 4
2holl Y23t YFUFHAE ALK S FAR
[14]. ROSI0] &+

o
N
=
k1
%9,
o

[e}

233}=]H PI3BK/AKT/mTOR, STAT32} RAS/RAF/
MEK/MAPKo| 2H st} s 41otof A ROSI A g 2] jhAY vl
L3} o) A= 2.6% (18/694) AT TR G370l A= 1.2% (13/1,116)
HCHI5,16]. ROSI AJHHE-2 Fa1 B]&AR], F4Aol| A ¢ wol U
ERFA] ALK} RAFSE QS HRITE gk A3 2] A (in vitro) 2}
Z7] P AtellAl ROSI A do] Sl Heho] ALK/MET A
ARl crizotinibof] 32 W3- Hof 7} QA At APt 7o E

TH1S).

6) MET
METE= GAA| 783 kol IX13 AFSRAAR 712487
1R} hepatocyte growth factor, HGF) 4>-8-4| & WH=C}17]. HGF

7} =840l B2 11 S THAIR] RAS, PI3K, c-SRCE F3]

=
£
o)
—
12
=2
=2
i
o
o
Of
ol
Q2
t
[®)
i
=
—
a
>
ol
o7
ox
ftlo
4
1
_O|L
k1
B
o 2oy o>
fr He 22 tfor

A7 213 FoleHis).

7)RET

RET= G214 10q11.29] $J2|3F Al75-Al(neural crest) 2HYo]
Hofsh= Bl A7V 48415 R AR IS
o] QloH9). F 2 FAA £A7|so] WashHA A[-%A|
(whole-genome) %} transcriptome 714 FHE-4(sequencing) S &
&Fo] KIF5B-RET §9+o] #4199 1-2%0] A WA= laL, ALK,
ROS12} mERE7A| 2 8] Z AR, At o] QleH?20].
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8) M M MEQIX} 22| 1 (fibroblast growth factor
receptor1, FGFR1)

AQto] vlsto] AthA 0 & HPA|ZH QoA FHA} Hol 7} 2
S5 A QU] koL, X Hg AL H| ol 4] SOX, PDGFRA, FGFRI1
-2 AR} 52 (gene amplification)©] B 1LE| Q1T 0]% FGFR1

HEZAE 2851 BEAV IO 482, BRAZ

2. LA KTt HI s}
FENARAAY 75 Foke] Aol et e |
50, t)EA 0 & TP53, CDKN2A/RB, STK11, PTENS & 4

1) TP53

TPS3E 178 A GheH17pla)el SIXIahl, AlZF7] AEE
2715}0] G1 ) (arrest) o DNA % 7-(repair), A ZABALS 5
HFET23], TPs32] HIEHshs Telolq 71 E8] WAt &
AR olike] s W, 517, Aol o Eaichodl,
P WL 7} 7] W] p33 7] ALe B EEe]7] Sl B
Q155 0] =L 9k

2) Cyclin—dependent kinase inhibitor 2A (CDKN2A), p16™44/
retinoblastoma (RB)
st oeiAlg
o A1k E2F1zh A Ste] Gl A1S FEA A
412 SlAIEcH?5). pl6:& cyclin Dio] o}t RBS] 214181 of]
of N|Z2F7|E 2451, RBE| B2tz & A AoflA]
UFERAL p169] HId 3= B A 2 a| Aol 4] HRITH26).

KR
=
KR

3) Serine—threonine kinase 11 (STK11, LKB1)

STK11= G198 Theto]] 91X13t A A= adenos-
ine monophosphate-activated protein kinase (AMPK)E- £5}¢]
mTORE HA|E}IL |32 o AT ARR} A| 32 =5 (cell polarity)<
23 AN EZ 2] 39%)A4] STK112] H|EAsl7} B a1k
o] H|oro 28 A 0 7 251kl Q7).

4) PTEN

PTENL PI3K0|| 2]5}0] BFS0]%] PIPsE PIP, & H&HA]7] PI3K/
AKT/mTORAISHAGA| A S SASHCH13).
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gk 7)do) L A & o] F-a3k EAo] Ejojgith tfF ARl YA &
21zt &= ] g4 X (vascular endothelial growth factor,

VEGF), platelet-derived growth factor (PDGF), Ad--2 A 4741
Z}(fibroblast growth factor), Q1E]571-8 (Interleukin 8), angiopoi-
etins 1, 25 5 4> It} 0] & VEGF= 714 ZQ38F A8 E2]
QIZ}2, VEGFA, VEGFB, VEGFC, VEGFD, placenta growth factor
7} &5}, vascular endothelial growth factor receptor 1 (VEG-
FR1), VEGER2, VEGFR3} HF-S-3} o] Szl m] 4| =41, o], %]
Zs(invasion), A= (survival), 2+8+5=4J(chemotaxis), SHL-E T4
(vascular permeability) 7} &} To3te}28].

VEGFE A6} 2| 5+= A VEGEZ} -84 §E-g-8h= A
£ H5)= VEGF THE-2384(monoclonal antibody)2} VEGFR
9] g|Z2A17| L olA|2t Z31Sl= small molecular inhibitor= U]
o]tk Ao tfE2¢l oFA)7} bevacizumabo| il 2o sora-
fenib, sunitinib, pazopanib 50| 3£tz 1O QIAFGITLE 0] A
57 9l

2} (vasodilation) 5-of)

H Z4(epigenetic alteration)
J5174-> DNA 97| Qo] W3} §lo] f-412ke] Hhdo] Wst
=7o=g ]%Q—(methylatlon)gl— 5] 2~E M3 (histone modifica-
tion)©] TH3EAQ1 717o|tH29]. %A Hpromoter) o] IHH 3 hy-
permethylatlon)h A AR W ES AAJsaL, o] 2 H|eke)
Z7) Aol A FFAAFAAe] HE S AlsHE &9t 714
]E]- SIAE HE L I o2 7|40 2 5| AE Y] deacetylationS
é‘(chromatm) < 55417 DNA HAHS YAgtct

5. microRNA

microRNAx= T 2S THEA] b= 212 RNA R F-414F Wl

< Aok 2R kS s, H|9kE BIEEt of e oAt
4] microRNA2] 7|50l o] WA HelofA &3] A==
let-7 family microRNAE A 75 E3ah BN
QFollA let-7 A} Wrdo] ZAsshd E5eh o &5 HRITH30].
3} let-7= RAS, MYC, HMGA28} -8 FF-G- A9} Al 27| o]
Todst= CDC25A, CDKG, cyclin D2 52 SJAISHC}31]. 1 £]of
& W2 micoRNA7} X4, of| 0| & AJE3E A 2} (biomarker), A
TR0 7 g2 A7 X8 Foloh

=
BA T A= FE A (telomere) S A= A2 FRAS
e
=2

oo} A|ES %A QHEE Tk AukolALY] Hl A Y
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A7 e 7 M2 87 SASHANE A7 EA (self-
renewing) 521} #3} 520] Ql= YA|EZE FAE I
A A2 STEEIAL o] = HI9S HIRSE ofe] AFetolA] Bl
Qt}H33]. =714+ Hedgehog, Wnt, Notch A1 S 42| Ao 2
aff 24}

H=7 A Z = Fastetafint WA 2|7l A
o zoll, o2t A& & H3bE A EES a4
U7 M| 27 Aobdol thA| YA E Aatsto] APdE
et °‘z7]’\ﬂ£§ Bl A} B W A0
o, A7 ZE Q1A = = A= X]ﬁ%%%‘”}
AL 7l+7\] o) ¥Hg-& EolAU ESA7 1=
hog, Wnt, Notch Al &4 A= A =E0] Q E]—

<
o H
ngzim
o flo
iz

™
o2

N
°

r_t
mj%
o o
£

AAE

791 gk0l8H(personalized medicine)-2 7[1Q12] -5-#17}, Thal
A, A% QRS F7sto] L 7H”lof| Bl o, Aeh A wsh=
oJs}o 2 Aolw]m[34], A 2] TLAZEA 08 Hevidence-based med-
icine)of| 4] Wlsto] wlgjo]] S==-fjoF & TpA|o|Tt. High-through-
put genomic technology®] BP0 & 7919 E §A%}, Lozt

FAA Y] A7IHBEAe] s o 1A Sanger W

]OPOI] A Aol A& )80 2 A 4= Qlrk & oA ul-§-
ot A, EAE Y s dstor & W A Qo e =
ojgto| vpopzt & 37 0|1l & Mol e A-§d Ao & k)

A5 5ol A= vl ZH el A EGFR ERo[L
ALK A 22 T 24} 1] Sanger DNA &7 A Hi-4]

o|L} RT-PCR, FISH 52| #1#0 & 8}ols}o] 2| mof 2 Aeis)
1 QAT 9F0 2= 3IR}O] A3 A AL exome, transcriptome=
A 714 BE-4 (next-generation sequencing, NGS) 2.2 ZA}
shol Zjell BEA 2E 3 2 Aol

NGSL o]t 714] @7]4] 414] §lo]5 DNA, mRNA, &
9295 DNA W5} QP42 B A BT 4 ol AVfe] ]
AGEA v O 2 Tllumina, 454 Life Sciences, Helicos BioScienc-
es, Applied Biosystems 5-2] NGS platform©] AR8-%|11 Ql31 Z}2}
£ 21401 0.2 97| A AJo] o] Zoj ek 35 36].

o]/\l-ﬁo] /K]-?ZLQ. z% (] %Ok g z4o15 2% o]LHQJ HH]-E. /\]
18 S 2 D U B SR
A 2ALE Alstol HAE 714
st olo] tfet

N
(driver mutation)2- A1'H3}:
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2l é(lntratumoral heteroge-

nelty)% 8 ‘ﬂﬂﬂ Qftod, AlA|2St hAe] of e Rfof A 4] A

7 FAFE Al 23, B BAje] 27 oA

o FFFIe} Ho] ol T F3A o7k UEh S Bl

5} ATH37]. o Rt 7|70 oA Ui gt Aol 1A AL, A=A
FEAA A AT SR mof| A ook e whAoftk

N

o oy

) £ ZI3Hcancer evolution)
o 82|02 u) 9. chopsh o540 2 wafstol, 2z
VA A, 0] S W e A0] FR3t ol
F5HE 5-HA} Ho|(driver mutation)Q} TFE A 28 E¢1H
‘%}%PM Ik A F261K] $FQE Wol(passenger muta-
tion)7} =% A& ddslr) e dlth38]. 2|, tHAIF ol A2}k
EoHo| = 6H &ro] HhAgit = thehA] 2&(multi-step model)
I} &g, ghHof| thA] 0 & 4o o] 7] WS} = crisis model
(chromothripsis) 2] 7igo] A7]EHA B @2 A Eo] A7|A] =3
FHSL £345 s M A 122 S U 7
T F0T AR ol 3 A} bt B A7} A
Eu Oll:]-
o) 9ol vt o WO S5
=

<7k 222 ZLHPKH?’PENOIH o]

=
o

o]

oZ;

v

o7

2 e

- O

QRE A1) ABkol L, SAHR Al B2 o]
A ofe] 412} wolo] oJ5te] QP L7k o] 5lo] FAJ3}a
B2 AFSHA ek LEolA] sere] uhlnt o] F03
AR 1A BAAE 748 2Hshc olelg ofel 714

B G0 B 4RI o] R

gatelol, ot Al ok = al] 9istel B B

¢

N
2 o2

- F93H g e 2 FFF-AR} 5= (oncogenic addiction) 7}
synthetic lethality7} It} 25§42} =02t chofst G218k

l F S04 Sh 22 = 7)) R} o) dol] Sfgk ulrg Al Al
SALAT O] 2|4 20] BAE}r} ok HETE = 4] 1 9 2]o]] A
2ol 93-S Hetato] ofeiat § A4S BB 2 92 A
2384 QT o] 20|t} Synthetic lethalitys 22} - AAE &
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7H%‘ eH3]. o]2s a4
o] sl § x%x}% 231 2] AT RS ofsfsl T L2 4|
2 7
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1B 1919] gFole. 1ot A4l

o
o]
HEARE A 8 FARG A Fofd 2|7
°

22 ekl ol 9)
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