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Background : It is clear that deregulation of cell cycle progression is a hallmark of neoplastic tramformation
and genes involved in the G,/S transition of the cell cycle are especially frequent targets for mutations in
human cancers, including lung cancer. p16 gene product, one of the G1 cell-cycle related proteins, that is re-
cently identified plays an important role in the negative regulation of the the kinase activity of the cyclin depen-
dent kinase (cdk) enzymes. Therefore pI6 gene is known to be an important tumor suppressor gene and is also
called M7TS!I (multiple tumor suppressor 1). No more oncogenes have been reported to be frequently related to
multiple different malignancies than the alterations of p/6 gene. Especially when it comes to non-small cell
lung cancer, there was no expression of p16 in more than 70% of cell lines examined. And also it is speculated
that p/6 gene could exert a key role in the development of non-small cell lung cancer. This study was designed
to evaluate whether pl6 gene could be used as a candidz'ite for gene therapy of non-small cell lung cancer.

Methods : After the extraction of total RNA from normal fibroblast cell line and subsequent reverse tran-
scriptase reaction and polymerase chain reaction, the amplified p/6 cDNA was subcloned into eukaryotic ex-
pression plasmid vector, pRC-CMV. The constructed pRC-CMV-pl16 was transfected into the NCI-H441
NSCLC cell line using lipofectin. The changes of G1 cell-cycle related proteins were investigated with Western
blot analysis and immunoprecipitation after extraction of proteins from cell lysates and tumor suppr-
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essive effect was observed by clonogenic assay.

Results : (1) p16(—) NCI-H441 cell line transfected with pRC-CMV-pl6 showed the formation of p16 : edk
4 complex and decreased phosphorylated Rb protein, while control cell line did not. (2) Clonogenic assay dem-
onstrated that the number of colony formation was markedly decreased in pl6(—) NCI-H441 cell line

transfected with pRC-CMV-pl6 than the control cell line.

Conclusion : It is confirmed that the expression of p16 protein in pl6 absent NSCLC cell line with the gene
transfection leads to p16 : cdk4 complex formation, subsequent decrease of phosphorylated pRb protein and ul-

timately tumor suppressive effects. And also it provides the foundation for the application of p16 gene as a im-

portant candidate for the gene therapy of NSCLC.
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AR, pI6o] FAAFYY HIAAEAY M EFo
A colony ¥A%& U= MEFe va FAggo s
W EFAA RN} FEHEAG BdsknA STk

thel o Uy
1. HZF 9 MZeHY

o2 ZPFAFA (NCI) ¢} Frederic J. Kaye AL
2RE AT AZF2A pl6 BT Tdsx]
S HAAEAYS AEFQA NCI-H441 A EF9},
pl6 DAL ws= vAAEHG AEFQA NCI-
H2009& AR2-511c}.

2. p16 expression vector (pRC-CMV-p16)

pl6& BH3= vectorz AME pRC-CMV-plé
plasmid vector & W5 FHLAT4A9] Frederic J.
Kaye 8lilzHE] Aguto} A1L3519c}. tlZ vector
2% pRC-CMV & AM-3tc).

3. F%x} o]gl(transfection)

pl6 BHFAL HAs}A Y= v2AEHG AlEFU
NCI-H441 M EF9} pl6 @ FE A= vliA
FH g AEF NCI-H20099) lipofectin {(Gibco-
BRL)& o¢]&3led pRC-CMV-plé plasmid F&
pRC-CMV & 37} old3titt.

L4 Z+ AEFE 70% A=2] confluency & #34)
g Axz Y3t F serum reduced mediagl
OptiMEM (=2% serum : Gibco-BRL)e 2 23]
P A 4g £ Al ] FHEAl (100mm)F Smly 3
7kt fAdA oldde AT AEFE FvEch
Polypropylene tubedl] lipofectin 501 (1ug/u
1)¢} OptiMEM 50 1 1€ &%3}e] 100 11 lipofectin
£o)e ZH)5}i e tubed)] pRC-CMV-pl6 plas-
mid DNA 894 2 x4l (51g/u1)9} OptiMEM 98
ulg £33t 10019] DNA &4 Eu|3le
44 Edsl 2 A& F, viE] SuE 4 AEF
WAl Py Wolxd ¥ U THHE
£ 319l o] o) pRC-CMV plasmid DNA £ 2
ul(Sgu/pl)st OptiMEM 98 118 ER3lo THE
100 219] DNA 298 t}& tubed] Fu|3le] 2
Bgog FgPsle] AR ool diFt negative
control 2 AME-3lYT}. o|F & HEFE 5% CO,in-
cubatoroll A} ¥FA] wj3tir, OptiMEM#} lipofectin
|RE AAT F A A EdFd (RPMI-1640+10
% fetal bovine serum-+ #jiUAd 10029 /ml, 2



EdEgr}oj4l 100ug/m)E RPHZ H 48410
37} vl

4. p163 pRboj| cligt Western biot

pl6 DAL LA e vAAEAL AEFA
NCI-H4413} pl6 ©eidg ddsh= v EY
M E7el NCI-H2009914 wild typee] pl6 wa
& LHAFE #lep] H3td, 22ln pr6(—)
NCI-H441 MEZRe) p16c] #32F € NCI-H
441-pl6 AZFoA pl6 ©¥dz Rb wdoe]
" =28 8413l7] 993l polyclonal rabbit anti-
human p16 (Pharmigen)s} monoclonal mouse
anti-human Rb (Pharmigen)& 13} 32 o]&
3} Western blot analysis& X}83}5it}.

5. AT 2t p16 : odk4 HEHA HY atel

p16(—) 1 NCI-H441 M¥F| pI6 F3A oY
& AP FHoll Z#=E pl6 : cdkd GBE B
o] WFE U] 9std anti-cdkd So|FAe}
protein A-Sepharose bead24] A AAA 2t B
A& £el¥ ¥ polyclonal rabbit anti-human p
16& ©]83lo] Western blot analysis& Ajgj§lo g
W 7t Bgle] EAlciRE SAst.

6. Clonogenic assay

p16(—) NIH-H441 A2 9o 7]&3t vlg}
Zo] lipofecting o] &3 pI6 FAR} Fe d=fA
ZolYg AP F ool oJFt A aNE BA3}
7] 915t G418& o83t Meujkgtoan 4
H& colony & gAsted Alga%in).

p16(— )] NIH-H441 N30 Qo) 7]&E ule}t
#ol pI6 AR L dZFAR ol F 72430
Aaetd 2] AES MFEANE F AY EaF
¥ G418& 150 ug/ml =2 A7 F o 23 o]

4 ig3tas 24 colony’t §<¢tdos #IA=A
Z}2}9] plateE methanol fixation¥t ¥ crystal vi-
olet staining3l colony+& Al$3l] iz v]nd}
et

2 o
1. FEAL ololl 24t p16 CHliFle] W

£ 48 A8A 2A T/ F79 vadEsg
AEFE A8t s plé T Ee wdsx)
% YA EHY AEFA NCI-H441 A|E3Fo|n
& shvs pl6 ©Ae dAss vaA Y Al
¥4 NCI-H20090]c}. |8 2+ AEFoA wild
typed] pl6 DAL A=A E 3l7] 93l
polyclonal rabbit anti-human pl6 (Pharmigen)
2 A}g-Elo] Western blot analysisE A& A,
NCI-H2009 Al¥394+= positive signalo] #35]
AATE NCI-H441 AEF AN negative result7}
viet 2T o) olgo] QIS #UY & AN
o} (Fig. 1).

p16°] Ao¥ NCI-H441 HEF] 437} o]
S8 p16 @AL LHAF|7] 818 CMV promot-
er@& o]83% expression vector¢l pRC-CMV o}

1 2
18.4 Kd -
ple -- P 1 : H2009
2 : H441
14.3 Kd - :

Fig. 1 Western blot analysis of the expressed p

16 protein in NCI-H2009 and NCI-H441
NSCLC cell lines
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18.4 Xd - ;
16 - e :
p - 1 : H441
2 : H441-plé
14.3 Kd -

Fig. 2. Western blot analysis of the expressed p
16 protein in pi16(—) NCI-H441 NSCLC
cell line and NCI-Hd441-pl6 NSCLC cell
line transfected with pRC-CMV-p16

: 1 2
18. 4 Kd -
ple == —_ 1 & H441-p16
2t HA41-p16 + anti-cdkd
14.3 Kd -

Fig. 3. Identification of pl6 : cdk4 complex for-
mation in vivo in pJ6(—) NCI-H441 cell
line after transfection with pRC-CMV-p
16

p16 ¢cDNAE subcloningd pRC-CMV-plég
lipofectin'#g 0.2 NCI-H441 A¥EFe] &8z} o]
AL AlEte}. pi6e] fAA) o]g NCI-H441-
pl6 AEFAM ple o] FA3] YHEE=AE
Eel5l7] 9lgte] polyclonal rabbit anti-human p
16 (Pharmigen)& Al&8le] Western blot analy-
sis& A% Az, NCI-H441 A EF)ME nega-
tive result?} vgtor} NCI-H441-pl6 HZEFo|A
+ positive signalo] #a=o] pie(—)el NCI-H
441 AT pl6 FAAL B oYU S &
N 5= Al (Fig. 2).

gt 1 L]
200 Kd -
1 : Hadl
: 2t H4d1-pl6
PRb -~ S
97.4 Kd -
68 Kd -

Fig. 4. Western blot analysis of the expressed
pRb protein in NCI-H441 cell line and
NCI-H441-pl6 cell line transfected with
pRC-CMV-pl16

2. p16 EA 0| F2| G, MEF7| ped chy

=

2-1. p16 : cdkd 23] ¥4

pl63} cdkd”} in vivodA] BEAE FAsk=r)o)
t)# #<l2. polyclonal rabbit anti-human cdk4
SeolgA=} protein A-sepharose beads& o]£-3)
AGAAA712 SDS-PAGEZ #3845 ¥ pol-
yclonal rabbit anti-human pl6& 1z1EH2 3o
Western blot #42 Algisisict. 2 A3, pl6 :
cdkd EEAIE H4stn ggE Y + Utz
(Fig. 3) o|=24 cdk4 : cyclin D1 2§47} Rbeg
QA 7o E@48A7)1 AR pl6o] cdkas}
Aoy AE3ia vk AMEE 3qle = U
c}.

2-2. pRb @94 ye) Wiz}
pi6e] #3432 o|dg NCI-H441-pl6 A EFe|A



H441 (control)

Hd41 (+p16)

Fig. 5. Clonogenic assay of NCI-H441 trans-fected with pPRC-CMV and pRC-CMV-p16

pRb & Wde) ol Wyl =g et
7] 9%kd monoclonal mouse anti-human pRb
(Pharmigen)& A}-3ld Western blot analysis&
A 27, diz AEFA NCI-H441 A EFolA
Bt} NCI-H441-pl6 HEF)A] signal band 2] 5
A7} 2289 =u(Fig. 4) ©]= phosphorylated
Rb7} 2481988 vepls ARHolt). o2 9
A o|]ld pi6oll A= £A4F ZL7]1Ho] Rb
QAASE AAFo A L3t AMNE A
ATt

3. p16 TEx} oigoll 2fpt efx)| &}

pI6 A% olglel <@ Yol mHE Fl3l) 9
o] p16(—)Q NCI-H441 MEFA pl6 Az
T REZFAAE o]93 £ clonogenic assay & A]
Atk Z AEFaich T o] wAHAE F4)3
o G418 EAzl 25 o)} wjdste] FAE colo-

ny $& Algdle vaslided 2 243 g Es
= colony 47} @zt 163709} 145707F WA o
A, NCI-H441-pl6 MEFIX= colony 71 2
Z+ S1709} 237024 NCI-H441-pl6 A EZojjA]
z NEFo) vls] HAG colony HAse &7}
BEEAG(Fig. 5). ol=ig AolA pr6e(—)¢l ¥
DA EHYG AEF pI6 FAA} ojdoz A &
A &7} F=8e U 5 Uk

o #

P16 FAAZL NER7] 2HE T3 SFAAHAA
Z2A9] 7]%E HFde B 2AE oy 974
sell A FAF = k. HAZ, pl6 FAAE A4
A3 9p21qel fXs=d, Ip2las A, AF, 34,
A%, 8, B3, FAE, Ax 59 €% (carcino-
ma) @ AR NF, oY SAF, WEY, F8F T o
8 O3k T4 22 Nizg AfEE Rl
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Holm23 ), ERRE, o]t o8 FYdA Ao
A NEFEAA  pi6 HHAL] FE Ze
(homogygous deletion)®} pl16 Ao} EdAHol7}

&3] gEETE AHoln'*¥, Adze, /5y o

ZAF 2 ol pl6 fHAte] Eddelr) gl
O Aol 13 i 2=, plé6 ©¥Ao| in vitro
A cdk4 : cyclin D B o] 848 AAlsted A
EFHe A4 F AARZ FL{ohs HoloH'so,
A ol A wEly oE& AN A=
dedl, A8 FUke wiF AEFANE pl6 F-8R}
o] Wo|7} &3] LA AT MY=HA e |
2} FFl A= A&l Ed0|9) 22 §-AR} Ho)
o] HIErt AR ol Aol ind, nlaha uli
AZA DA p169] o7 FIIAEHE FQlaly
p16 KRS H g4 digt 72 R8E U7
AAAME pi6ol AL HI2AESAT MBS pl6
FAAL o] AAEA FAA F TR o
w3 Ayt 2 EXE RIS Aol /M3 Fa38)
7] Wi & JAFE AP B dPdMe
plasmid vector& o]g3sl pI6(—)¢l NCI-H441
AxF MEF lipofecting o]g3le pis &A=
o] AT F colony 5oz FUhAA &3}
£ Bt fd2k ol AlgstA] ke AEF
o Hlsl @AE colony A ZAvt BREH,
old ZAE2 B W Holx vl Egt MEF
e pI6 AR ool &l FgA A7}t B3]
fredrhe AMdE T 5= AU

pI6 FA} ool o7 FYAA EHE BFF o
& 97 Z2F4E5e A¥xd, OkamotoE'9e A4
<t M EFY pRC/CMV plasmid vector& o83}
o pI6 FAAE o|YE 2} colony FA5o] Aa
& #UsAR, Arap TO% pleo] Aed A
2F A|¥EF] calcium phosphatej o2 pl16 4
A& olgiste] YA AAE VAP AP TR A
BuE AEF AZAA 23E FAF F Aok
WE Arap Fo] Al 22 dAFdA plé Ao
2 wild-type®] p16 ©¥A & WA= AARFE Al

EF pI6 FAA o]U& A AL AER4
Al &A3E B = Qith 2 o zME A
A GAT pl6 AFZAE 2% F4H FAE 9
3 pl6<] HEEQ CDK4} cyclin Dgo] & &
e FLAGAYGR2 G,/S NEZFT] ols)o] Tis}
T EOE FHAE HZ olgul p53-p21VAT Sl
EgAsEAY adse] Uehbe Fabrl opdslt
2ti 59 ol AR FYAAFHAE o]
& fAz 2S FAsshed AABRE v Ak
AZrEe] gl FFJA AR §4A) o]gles
T U8 3 714 A% MEF7] 8438 3}
g F glol FUGARAR 2% fAx age
UutslAF)7] s p533 p169] 2T} o] 3
# f37 oljle] o ¥ F= Ug Holgt 329t}
£ d7dAe wild-typee] pl6 wjdo] Wyg=
AEFN e p16 F-AAF ool 2% FgA &7
£ #&3A Ry olddiside ¢ ng AF
7t dgsitn Q4. B A7 Fgshe=n Yol
A WESR Qe Mg & W3 dEe fAR
olgell & pl6S N&Ho g Y= MEFE A
& 7 doked Ak F FFAARARA pI6o] f
AAteldso] LAY nkg MIFAPER o]ojR]7)
wEol flow cytometry & ol &3 542 237
BAolY AFAA AESANE FYE s Qe o
o] 9Jt}. o|2}§ stable transfection®] WAL p
16 % opzt FYAAF-ARE HF-ARolYsto &
k= AEEC] 2 FE5HU e FHoz o
E 8317 9d8lAle vector cloningX] inducible
promotorE 3§l cloning®le} §Azjeldgto zMn
HaAHAN 53 F=Edd o8 fALEAT]
£ Zlo] digte] & QU Rolgt BzhE}.

T8 pl6 AU AIEF pl6 437 o|Ysid
FLPA|A ojel BAG AEFI] Gulde] A E B
A dFdde of2 Bad v glE), B dFA
pl69] cdk4¢} in vivo complex& HAdtn &L
HAE F A on FA Q413 Rbe) 7ar) B3
5o] o]z <l&] colony HA%ol ZasH] FUAA
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2237} AT gy B A7) A8E p
16(—) NIH-H441 vj2A¥s MEFE wild-
typeg] Rb ¥AQ M¥EF=2 &=iA glouz oA
71€% nie} o] Rb M EFAA pl6o] cdkd
o} st cdkd o] B43E AT FUAA
AW S-S YFT A £ A7 EHF v} 2
o] p16& o83 FARL Y el 7HeAE A4
e Abdelela Az

2 o

ATHRE :

AEF71e A3l 1 FAM= 53] Gi/S ol
gojdh= NEFZIEE SIEL Y A
¢ Fa% 4L = Aoz geA Jdo. G Al
¥37] 3 99 Fof Ul cdkd (cyclin de-
pendent kinase 4) 2] HAAZ LA U= pI6 &
A= HZd B8 FFAAFEAATY EA
MTS1 (multiple tumor suppressor 1)o|8}a%: £
At} pl6 fARNE AE7HA gEA o= FRUE
FAARGE fARPI0lY) NES} Fe FAARA
Zold], 53] ¥ AMEAN H-E 70% ©1de] Al
EFA pl6 @A) FHo| Qe AoE WA
Aol p16 FAAE BANEAY TP ol $- Fa g
g ¥ Aol ¢2iA ok & AFdME v
HEHALAA plog ol&F FHAARNES BHIFEE
dF3l st o 22 ATE Al

- I

pI60] AR vizMEs AEF (NCI-H441)9,
ARSI LA & RNAE F23le A EL
9 DNA Faavrgoz ZEH p/6 cDNAE #
AAE BE  vectorgd]l pRC-CMV plasmide]
subcloning3dle] F&¥ pRC-CMV-plé plasmid
vectorg lipofecting o[&3lo {Hz} oY F,
Sl 4L F&3le] Western blot ¥4 dgd4y
o2 G AEF7EYE dude] Wxe wEsi,
colony BA%E& BlagozZA GAAEHRE U3}

et

4 3

p16°] S3AFYE NCI-H441 AEFqA pl6st
cdk47} E@AE At i J4kst Rbrt diz
AT Bl ZaEH AL HAZ F o, pl6
o] cdk49} AgFte2M cdkdel <3 Rbe) <143}
& WEEt ol o G, AEF7] B4 8 F
FAA &7} vefdrhs A9 Lg%
Clonogenic assay Z3= pl6 §38xFY=" NCI-
H441 AEZF2] colony B0 )& N ¥ v}
o @43 248s FEFEHA

d4 B

olie] AE pl6(MTS1) FAAE pl6 ©AL
G| £l v 2AEHY AEF F}YE A9,
FAT AR A BAASE pl6 T o] cdke} 2
skl Rb @ de] QiislE A3 A TFHo=
a4 a9E dod F ol FAHAJL, ol F
F v AAEdge] AR UM pI6 KA}
9] o|§ 7MeAE AT J2XAES Ao Add
=5 :
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