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Alterations of the Apoptosis Genes and Their Products in
Non-small Cell Lung Cancer Tissues

in NSCLC. (J Lung Cancer 2008;7(2):59— 64)
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Apoptosis is a principal type of cell death, and it has a profound effect on
the development of cancer. It is also well known that anti-cancer agents induce
apoptosis, and defects in the apoptosis pathways reduce the treatment
sensitivity. Of the many pathways that induce apoptosis, the mechanisms of
the intrinsic and extrinsic apoptosis pathways are well established. Non-small
cell lung cancer (NSCLC) is a leading cause of cancer death worldwide, yet
the exact molecular mechanisms of its development remain unclear. Apoptosis
deregulations may underlie the development and pathogenesis of NSCLC.
This review discusses the general mechanisms of apoptosis, the constituents
of the apoptosis machinery and the alterations of the apoptosis-related genes
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29} 9|14 (extrinsic) B EE Ur+ Zlo] 7 &3 B
Holt}2). 2|94 7 &+ Fas, tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) receptor 7~ death recep-
toroll oJ 3l Al =] aL, WA A2 ARk &4, A
Aoy, WA 244 QA Soll QEllA fEch2). Wil
A ArE v EZEgolE: 407 dojuh bel-2 family
of ¢4 F&2 ZAH} Caspasew HHARNELEZ
i)

cystein proteaseol] <75} apoptosis®] A2 Bl Zsleol] FQ 3k

3-S5 F3gheh(2). ApoptosisE FHbslal A A ol Bo]
b Tl g AAE AZE AYE fEsle 1

W12 8- apoptosis machinery@ s} o] & o|F= FQ
T4 o] death receptor, bcl-2 family, caspase 5©]tHQ2).
B &A| ZH S o) 7hA] AEAE Aol disl] A g
olgh= Aol & & A ek@3). ol A7HA A ZH el
A R EH AEAD 7179 o] 42 Fas, TRAIL
receptor, caspase-32] ZAM o] 5} Fas, bel-2 52 o]t
o] rh(4~8). LAk, apoptosis W& FH AL Fiwlo] B
77t dB fA A el AgA 02 o] FolA gl o
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Cell death

| Programmed cell death |

| Apoptosis |<—>| Autophagy |.—> Necrosis
? ?

Fig. 1. Current classification of cell death. Cell death can be
categorized into programmed cell death and necrosis. The
programmed cell death is further classified into type |
(apoptosis) and type Il (autophagy) programmed cell death.
The interconnection of apoptosis, autophagy and necrosis
remains unclear.

o T Q4 elvle HEeh 1 ol ie ATAE

S, apoptosis®t $Fe] A, death receptors, H|4&A Z5|
9Fe] death receptors o|4F, bel-2 A% §24, ] 44| Esilk
9 bel2 Ald FHA} o], caspases, B]&A|ZEH LS caspase
o] 4ol Fhsto] 7]1E] A HE QoFe}aL apoptosis o4
3} v 2AZAge] EAS oAAlslmAl St

MIZALE(Cell Death) 25

AlzAE B3k Ao 9l LiFe vhaksl 71E9] &
off| F7tE vhE F79 AEAEe] Al s A gict. 3}
Aut A EAHE-S apoptosis, autophagy, necrosis® E-F8l+
Zo] "z 714 Ldubg el EFoltl. ApoptosisE program-
med cell death type I, autophagy& programmed cell death type
NZ BFslE A% dubdo|ch9)(Fig. 1). Programmed cell
death= % apoptosis?] 5ol &Z AL= 7] % gkl Apop-
tosis7} Fell 2 AsHH B4 ZAZ AHeQl nby
programmed cell death= “FA 22 A% A EAH o]}
+ B33 Aol collio] s’ W et 2ol it
A ZAH o] ghE= necrosis?] B P o g2 AL=ch©9). 3
Ak, whAouh wedtoll Vel AZAE ZEe] program-
med cell death®] %]-go] W&t 9% JA|0E kA Fo
Alof] b= AlZAE o] fAH oz Azl ZR1IA
2 ol o] kel ZAIZY B ERE 757t whol A ol
o]zl d4oltho).

Apoptosist Kerr 5(10)ol] 2J3ll W 543 el Al
FAEZ A ZE7} FFoIA 2, 915 (pseudopod)S 91FF] AL,
Alxe] F37t Fol5al, az2utele] 55 L, do] £
= JHE Helv) As}eA o 2 DNA ladder, caspase 2+
A3} 5ol apoptosis®] SAo|A|uk, o]dd §Fe] IEF A
Ok apoptosis T o] HIE 2 Z o]Eo] apoptosisS] A 2]

Apoptosis?} &

Zok MATAo] thehA|Z doju, 7+ A7} AAA
‘?_" X ]—24 o]*]—oﬂ «]o]-] \J-E]-Ph:}
k9] genome Thokdt H9ol| A o] o] WhAlsl I 1
A Zoldo]| 2HE] §-R 2] R z|o]| o] 27]|7}A]
Uehdt) 293k $Azte] Yeh}s Sodo):
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1) Death receptors

7t & 42l Zl death receptore
(TNF) receptors, Fas (CD95/Apo-1) and TNF-related apoptosis-
inducing ligand (TRAIL) receptors©] ™, o] 52| death ligand=
ZFZ; TNF, Fas ligand, TRAILO|tH2,13). AE FH ol Ezfst
= 2491 death receptorg< 59°]% 2l death ligand®} 72
stato] apoptosis A 2E AEX HZ At = death
ligand®} trimer FElZ ZQ3k death receptore adaptor
(FADD =& TRADD)®} Z¢tsla <-4 0.2 caspase-8 2

tumor necrosis factor
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Fig. 2. Two apoptosis pathways. Apoptosis pathways are
largely categorized in two pathways: the intrinsic and extrinsic
pathways. The extrinsic apoptosis is initiated with activation of
death receptors, while the intrinsic pathway is initiated from
mitochondria. Initiator caspases in each pathway relay the
apoptosis signal to effector caspases that eventually kill the
cells.

£ 107} 73t ¥ extrinsic =2 intrinsic apoptosis pathway &
e} A ZAE S fEgchFg. 2).

2) H|&AZ A2 death receptor ©]A+

Death receptort TFFsH £ ¢ol] & o] Fm g
W o] w2} 3 o] apoptosis Aol WIZEH A&
dlZ 4 gla, o] AAL AT Aol apoptosisS Al
st 71A o] b= ZAE AlA| gkl (14). Death receptor®
el e M & AR o] HEO JAVALE, T-w

2 v v

A RZA g, thiA] EF, JZF, vlaA s
LA, 54 S v el e ek A5~
19).

AP AT QF 304, A 240, A7 HA A EQL 116 &
65919 vl A&AEA UGS T4 AF oA Fas FHAE =
dwio]7t 7.7%l 4 U th4). o] dFollA] RE EdW
o]+ missense mutation®] 1 2™, 470 death domain, 171+
transmembrane domaing I W3l HF-9 ol Yeutth olu,
Fas ©hil A2 wbado] & =& Zlo & veh} F91W o] Fas
7t AZAE A A 755 UYEHE 7hsAe] =5 Ao R 4
4= A h4). Fas 2 44 Edw o] 7} #H|¢ke] Holek
A4 AA AFH vkE 9} Shin (200 HZA Aol
7} = 43¢]], Aol7} gl 374019] vl LA EH LS EAE
A3}, Fas A& A7 Edw o]z} tiF-E AolA =Htoll
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A yehde, ol Aol A s it opd 24
o] WaollA ofm|9iAl o7} Srlslke As Bt

Atk o] dFoll A= FAH o] 7} Fas AR | 3= =] ¢
3. FADDS} caspase-100A4 = Eldo] Eeolxqie), gl
transfection systeme 53l &<1H o] Fas, FADD, caspase-10
= AlEel| F43F A3 FAo| 7} tiE-E apoptosisE A Al
e Ae WEskdcho0).

Zlulo] o] £]of] Fas ThiA o] Wba] of 5 5] kel dlie]
2 A] apoptosisE AT &= A= 7IA o]t} Nambu 5(7)<
42¢]]9] HAUGS A O Z Fas Hd-S ZA3to] 48%9] H
AlQnto] FasE wHalsla, Wasle 7 ¢5 tiHE B4 9
211 AE2EH e EAsHA| ekar A4 Hell EA%HE B
ek AEA el EA1HE Fast apoptosis F2-5% o] &
A s}A| FHagro] &elx]o] o] 7] o] #H|$+e] apoptosis 3] 7]
of Ta3ks UeRHE?).

TRAIL receptor™ TRAIL-R1 (DR4), TRAIL-R2 (DR4),
DcR1, DcR2, osteoprogeterin 5] ¢#d# 9lowv], TRAIL-
R1, TRAIL-R27} apoptosisE ittt T3k vhd v
A= apoptosis 7] 5= A7} apoptosis 7152 ATA
o] & oF 4%l Aelo]t}(2,13). TRAIL-R1 B TRAIL-R29]
Eddols v &AZAS 9 fFgtellA] rEE vk gl
(5,21). Lee £(5)2 10449 v &A| LM BA43510] 114]]
(10.6%)°l14 TRAIL-R2 ElH o] & whzsl3ict. o] 5 971

7} missense mutation, 1717} silent mutation, 17} splice-site

4

o
)
o

(4]
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mutation®] A =6, E0]|8}A] E missense mutation®] death
domaing T Y3}l exon 99|A L}EFT) Death domain<
A ZEA | ZAs}= F-$ 2 adaptorel] apoptosis signal-e 2
3l T a3k B9olthQ). o] Fas EiHo]of U3t A}
& death receptor =807} death domain®] 2= apoptosis
Az Al Fo3gt F9loll A NA dojdrtes AHE 1

ol AFAH17~19).
bcl-2 A¥E S XX}

Apoptosis®] A 7 2 bel-2 familyoll 2leiA F2 =
A x| = (Fig. 2), bel-2 family= ZA| apoptosis 247}
apoptosis 234 & 2 1 th(2). ©]E bel-2 family 74 92
A & ZAgslo] homodimer @ heterodimerZ24] &3t =4
AAS FAsH, bel-2 family AL A v &S
apoptosis®] HF-s- AEE AA sl T3 AdAlolthQ). £
&5 bel-2 family THHA 2 oF 30577} Bl A QlaL, o
E ZFole g 7 0|42 bel-2 homology (BH) domain©]

9 tH?2). BH domain % BH3 domain< apoptosisE -f-isl=
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dl D23 domaino]t}. Apoptosis FHHA] bel-2 family T
Aoll= PUMA, BAD, Hrk, bcl-G, Noxa, BIM, bcl-rambo,
BAX, BIK, BAX, BID, BMF o] glow, o] 52 Eifolle
BH3 domain®| 3 thH-E2] 79 apoptosis = BH3
domain®] ZAlol] 2]&3krl(1). Apoptosis 24 bel-2 family
+ bel-2, bel-Xy, Mcl-1, bfl-1, bel-W, Boo 5°] 2th). el
43 apoptosis®] A= o]F A4, FLA bel-2 family T
WA o] #¢-8 7l bax, bak TH¥ A& mitochondriaol| 4] 2+
A3l X171 &, mitochondriaoll £A3}= cytochrome ¢ 52
A S A E2AZ F2A71H1). 2% cytochrome ¢
apaf-1, caspase-9¢} ZA3tsto] 7 chgt chlA B9k & WA
}3L caspase-3, caspase-7 52| caspased AP elo] FQ

FAE Boleln ALE FEol o] 2A rhFg 2).
1) B ZAIZEFALS] b2 AL FAA} o4

Apoptosis 4] bel-2 AlD AL E2ASE Fdw ol
7} apoptosisE A Alslo] S A HAAZA 4 ek 7t
A sloll B Fodwo] A7} o] Fo el A% 2 gt
o] bak Eqwo], HZF| bik o], H% 2 A
bax EHo], there] bad Edwlo] Fo] HIE AR
o-§- 2 HIEE el G5 ghol] Fr3kE FolH o]
B3 5 v} 9Jrh(22-25). o]+ death receptor?] EoiHio]<}
=] apoptosis A bel-2 Al FAA Eodwlo| 7t o
Aol vl Fadt J&5 kA gevhe As A e
ol 72 F} o}, B AAEH| el A= apoptosis 4] be
Al |42 o] A7} Noxa, bad, BNIP3, PUMA 5
off thall o] FoiF At WA o] =A] ¢kokr(26~29).

v A ZH ol A bel-2 AlF FH AL FalHol] g
o] Fo3kA bk uE Rl ubd o] & FAAbe Wy 4l
GH o2 F3k ou|E vERTh bel-29] W 10~50%
A=) v &AM 2 Gl A Ve AL $kA1e] AET) T A%
7 QA3H wALe] oy AFE Bl EAEAC
(8,30,31). 4], bax2] WAL ] LA EH L At F7H=
AL} AR o] P HAUTH32). o]5 A I apoptosis

) = =
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Y 52 A4 QA Wde] 4 Al AES 3
& S AAste] fAe] AES S F2 AT
el ARPAH oz AAEAE gae Rt ole &
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H
A9 el $7t g s, o] 59 vkt 7, o5 4%
A, GAES wARY S cheFdt 8ol ol AAE =
A& AR

2) Caspases

Caspaser= SHUAEEAZ cystein protease® 7] <]

aspartic acid F-$]5 Zxhs}o], apoptosise] A&+ Bl F gl
T3 %S YU ERFEES caspase AL
145571 B3 A 9Jx, AeollA & caspasel-10, 149 115
F7F w8 % ek(1). o] 59 F+Z+= prodomain, large protease
subunit, small protease subunit> 2 G4l =o] 9lr}. Caspase=
7]A] caspase (initiation caspase)®} <*%¥ caspase (effector
caspase) & WE G 42, 7] A] caspaser caspase-2, 8, 9,
gl 10, 58 caspasex= caspase-3, 6, 3 72 U t}Q2).

3) H]EAZH L2 caspase °]A}

Caspase<= apoptosisE & 4= 9= 53 o] 3lo] putative
tumor suppressor gene>. & 72 g 9o, caspase 7] 52

TR

E3A 5= HAIE Q] apoptosisE HHallslo] oF BEAlo]] 7] o]

v
3L 2~ "] 3 o pral A
& % 9Ivh. Caspased] $HAHE $LE 5 & Eeido]

=
=2
= vhokal boll A caspase-3, 3, 6, 7, 8, 9, 10, 147} A=)
31, o] F caspase-3, 7, 8, 109] EQdWo|lE =& HIEZ WA

=] 2 th(6,33 ~40). Caspase-32] EdHo]= 12~4.1%2] Hl
S oigsh =g Slsh 2 A ETE, [ FlA
el th(6). Caspase-5+% coding sequence©l] A(10) mononu-
cleotide repeat®] 9). 2™, microsatellite mutator phenotype
MMP)9] S, tig<t, A-g W 2hetoll A frameshift mutation
53 EZAskE = Zlo] 4 Ark33). Caspase-62 tH:
&k gl 919ke] 2%0llA] Fdw o7} Ul (34), caspase-9<
EEe] ¥ ellA Fdwol7h HEAR A ekkrh38).
caspase-7< WA, AL, FAELL 2~3%0lA4 9
o|7} AR WAE Fddelrt HRE VAR
wild-type caspase-72] apoptosisE E&Al slsl= Zlo] £
9 th(35). Caspase-89] Eadwo]= ¢, tAollA 42
10%, 5% =& HEE L= A, SRR &
0]9] £35F7} missenseE.th+ frameshift mutation®] 2 7
o] EA o] th36,37). B3k, 7|52 0 F caspase-8 S H
Eo°] wild-type caspase-89] apoptosisE E-&A]3kl= o]
o =] 2 tH36,37). Caspase-102] EedH o] B A& ZH|Y
AZZoNA 47 5%, 14%°] = WEZ 335 vt 9
t}h4,39). Caspase-142] Edvio]l& 29 ¥ ellA &
WA A kgt om oAkl 1%l ARE FEE] 9l eh40).
H] A=A ZH| ol 4] caspased] 1 o] S A2lslH caspase-
3,6,7,8,9, 10, 147} EA45]9)31, o] Z caspase-39l14] 2.2%,
caspase-109l14 5% 9] Fedwol7} Wy & & o Sk
(4,6,34,35,37,38,40). A AF2] u|vtE A¥ol|A] caspase-1, 2, 4,
5 A v ZAEALAA Feltlolh wAsA ghot vl
Al £ gkol| 4] 9] caspase EdHo]oll 23t EZA = &3}

2
7 gvhe Ae ¢ Ik

N2 ofN



Caspase®] W&l Foke] £59} caspase] ol whel
cheksiAl Urehv=dl, 19l Al caspase-3, 8, 9, 109] B2
AR A Eol| B8l Z7}s}a(41), caspase-2, 6, 7= ZrAa
3l Aol Badl vl 9drh42). Aol A] caspase-79] Hhal
A 9lrk@é3). v ZA ZH| 9ol A& caspase-3, 6,
8, 99| Wrdo] gzl nlell S7He Aoz Yehsk
44). A EZHGolA] caspase-82 T ZFE] Q] Fui|E S}ol|
ofelj A Walo] ZAAE = AR el 45), BlaAl 24
A tHzHolrt. FokAE] FHE3F caspase W o] ¢F W
Aol o <33 A= obd et 714 o] e A A
okgl o} oko -] Ueht= =714 apoptosis indexE A
e 7149 7hsAlel ik

[¢}

4

ol4e] Zles FMA W FFe ShollAl apoptosis
machinery& ©]F= F2 whAQl death receptor, bcl-2
= AREo] Fdwo] =

family, caspase®} L& ol
HE o9

o

o
ol ¥ e ¢ F Ak vjaAZHY
flo] o] & ALY Edwiolel Wl o] o] A x| Gt
sAaE, o] & o] o] of WA Ak w qF WhAol] FAF o
2 ogA g FeAoll #3 7ledTtE vHE AR
o|t}, =3t death receptor, bcl-2 family, caspase ©]<]ol|
FADD, RAIDD, TRADD 9] adaptor, inhibitor of apoptosis
protein (IAP)Ql XIAP, c-IAPI, c-IAP2, survivin, smac/Diablo,
AIF, HtrA2, cytochrome ¢ 5-2] mitochondrial factorgo] <3t
Ao 2 oj o] 45 7HAA YA} vl&A|ZH| QoA TF
Hxlojol 3 Zlo|rhk(1,2). AEAE-E apoptosis ©]£]oll
necrosis, autophagy 5 thokstr] o] WS Z{Fo AlEAH]
S5 WA A, o] 52 A2 F/AQI Aol okt
717 QAABAE 7HAR AL o2 AgsiA, A
2> AFH o ZE3uE o] Fol st FH B4 w
gk " g3}, 2 apoptosis machinerys AFAIAH A E
A 5ol ALt Al sh= B A7} o] FoiA 3 gl
S0y iAol A ItelAl WA= caSpase-3*a‘
molecule drugS 2 A AA GAEE HH o7 43
s 4 e WS AH Yo Oltersdorf 5(47)< apoptosis
30“4 bel-2 familyE QA 5 & small molecule drug®]
& X 5ol &7} IS5 A vl Q) o] E A=
ol T3k apoptosis A7t & W& = A oy
o] & F3f ghAto] qF ?]Eoﬂ‘: A& F e TAMAF
2A 9 FeAo] Adge HoFE Holvh &%, n| LA
#H|3tol] T8t apoptosis A& H]*‘ﬂi*‘“ kel w71 T

S‘én&}ﬂm\‘_m
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