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The Change of Cell-cycle Related Proteins and Tumor Suppressive Effect
in Non-small Cell Lung Cancer Cell Line after Transfection of p/6(MTS1) Gene
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Sung Koo Han, M.D., Young-Soo Shim, M.D. and Kye-Young Lee, M.D.*
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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. 16 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 (cedk) enzymes. Therefore pI6 gene is known to be an important tumor suppressor gene and is also
called MTS7 (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 pl6 gene could exert a key role in the development of non-small cell lung cancer. This study was designed
to evaluate whether p/6 gene could be used as a candida}te 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 /6 cDNA was subcloned into eukaryotic ex-
pression plasmid vector, pRC-CMV. The constructed pRC-CMV-pl6 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-p16 showed the formation of p16 : cdk
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-p16 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 p/6 gene as a im-

portant candidate for the gene therapy of NSCLC.

Key words : p16, Tumor suppressor gene, Cell cycle, pRb, Cyclin dependent kinase inhibitor, Non-small cell
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G, AEF7] ¥4 gl Z odk4E dAFozH
FAAENE vebdTkn 2o 238 @9AHR
A4 p16 {AMTSDE pl6o] AAE vl LM EAY Al
Z3o) HAzPOI)E Ak ddAET) =
<2 2El1 G, AEXF7IHE g gdEd ojugt ¥
o] 2YHERE #lgtozm vl LN EHTGA p
16 <88 FAXNARe] ebFAgel dist 728
A7) gk e 2e ARES dAFenat S
o

A, plool ZoH viAARAL HEF pIs
RS olQlst F plo ©izo] gl o s Uy
AE #Iskaa) ot

B4, pioo]l ZoH wiAARdAY HET pl6
FH2E ollo2H pl6, pRB B cdkd% G, Al
3718 IUAE] ouF F5 ATl xPEE
A& gAsknA sHach ‘

AR, pl6o] FANFUY HIAAZIL HEFo]
A colony 45& U= AEFY vz #AgoR
A ZFdAaANT RESERE lstaat sigdh

che 3 W
1. MIZF 9l HZule

= sRelotedt e (NCI) o) Frederic J. Kaye ®iA}
ZRE TR AXFEAM pl6 A SHsA
&= vaMESY AEF¢ NCI-H441 AE39),
pl6 Tl Ae WAsH= vlaNEAL AEF NCI-
H2009& AM&-819ct.

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

pl6& LHESK= vector@ AMg-F pRC-CMV-plé
plasmid vector & v|3 FYLAF29] Frederic J.
Kaye BRalg2E] A3zubel ARt} iR vector
2= pRC-CMV & A3kt

3. {EX} 0| (transfection)

pl6 vde washA o vlaAEsg A
NCI-H441 A2} pl6 B AL T8 vl
X MEEQ NCI-H20099) lipofectin (Gibco~
BRL)& o¢]&38}ld pRC-CMV-pi6 plasmid ==
pRC-CMV & #-37} o]{i3tiet.

94 7+ AEFE 70% A=2) confluency & £
g ez W ¥ serum reduced mediagl
OptiMEM (=2% serum : Gibco-BRL)2.2 23
BhE A HE 3 A dEAl (100mm)F Smiy 3
7hsle] AR olgle A% MEFE Fvsidd.
Polypropylene tubed} lipofectin 502t (1 g/ u
12} OptiMEM 50 218 £¢31e] 100 ¢! lipofectin
L& Fulgli t}E tubeo] pRC-CMV-pl6 plas-
mid DNA €9 241 (5ug/ul)¢t OptiMEM 98
& &3] 100 u19] DNA §4g Fnjgtd F
sde Egele] B e F, njg] #ulE 4 xR
viokgAld] duked "ojmyl § FUsA EfEE
& &}9t}. o] W] pRC-CMV plasmid DNA &9 2
gl (Sgu/u)2t OptiMEM 98 118 &35} vIE
100 212) DNA £9& o tubed] Fujsie] Ze
Wow Agste {32 oyl thE negative
control 2 AME-ELt. ol Z MlxFE 5% CO;in-
cubatoro A} WA wiekslil, OptiMEM#} lipofectin
Lg AAT F L A EuFe] (RPMI-1640+10
% fetal bovine serum+ U@ 1008 /ml, &



EEviold 100ug/m) 2 ABHE 7 48471
7} wjoFstct.

4. p163} pRbof| Ci#t Western blot

pl6 DAL WHaA G MAMEIAL AEFQ
NCI-H4413} pl6 Tladg Idste vlAAEHY
AEZQ NCI-H2009904 wild types] pl6 wld
& FHARE FAsP] Hskd, a8l ple(—-)
NCI-H441 AEFo] pi6e] f4x 948 NCI-H
441-pl16 M EF|A pl6 ©ds Rb guido] &
HEHEAE 89317 98} polyclonal rabbit anti-
human p16 (Pharmigen)® monoclonal mouse
anti-human Rb (Pharmigen)& 1 5= ol&
8l] Western blot analysis& Aj8islHt}.

5. HAETON 24 p16 : cdk4 FEA A ol

p16(—) < NCI-H441 AxEZFo pl6 G oY
& AyE Ho 2A=E pl6 : cdkd DA B3
o] WEE Flsly] 98l anti-cdkd Solg| st
protein A-Sepharose bead 24 A FAAA % &
}AE E2)% ¥ polyclonal rabbit anti-human p
168 o]&#38ta] Western blot analysis& Aj3idto g
W Zt B9Ae] ENR-E 185,

6. Clonogenic assay

p16(—) NIH-H441 M z3Fo] 9o 713 vle}
Zo] lipofecting o]&3] pl6 FAA E&= PZHA
ApolQlE AlAEE 3 ol o3k oiAl IE BFs
71 918k G418& ol8-3le] Meujdsto s 4

= colony & dAste] A3l

p16(— )1 NIH-H441 AZFo) 9o} 71535 ulel
ol pl6 HAA; T WRFARL 0 F 72417 o)
st Zhgte] MEF wFEAE T A e
% G418% 150 ug/ml F=2 FIW5 3 o 23 o]

2 wjFstEA 9Y colonyZt &<tz AHW
2}Z}9] plate& methanol fixationdt ¥ crystal vi-
olet staining3}s colony4& Al4ste] o= v}

Ak
2 =
1. R%ix} olelol oigt p16 BuEIe] WA

B A¥e A 2A A SR vz
MNEFE ARREGT s ple gl Ee BdstA]
@ WA EAY AEFA NCI-H441 AlEFo)w
o2 shis pie 9 AS YdHshs v T Y A
E3¢9 NCI-H20090]t}. o]& Z+ AlXFoA wild
typeo] pl6 GHAE LH=AE EUsl] st
polyclonal rabbit anti-human p16 (Pharmigen)
& A}3] Western blot analysisZ |88 23},
NCI-H2009 AEFo|XE positive signalo] #35
AT NCI-H441 AEFAME negative result7}
e} AEF e opde] IMES #9E + AN
}H(Fig. 1).

pl6o] Aold NCI-H441 Mjxzo] 47} ojg&
%38 ple @iag WdAF)] 98] CMV promot-
er& o]|8§ expression vector¢l pRC-CMV 4]

Fig. 1 Western blot analysis of the expressed p
16 protein in NCI-H2009 and NCI-H441
NSCLC cell lines
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Fig. 2. Western blot analysis of the expressed p
16 protein in pl6(—) NCI-H441 NSCLC
cell line and NCI-H441-pl16 NSCLC cell
line transfected with pRC-CMV-plé6

Fig. 3. Identification of p16 . cdk4 complex for-
mation in vivo in p/6(—) NCI-H441 cell
line after transfection with pRC-CMV-p
16

p16 cDNAE subcloningdt pRC-CMV-pl6&
lipofectin®} 0.2 NCI-H441 HEF] §Hz} o]
& AEstd). pr6o} Rk ojgdd NCI-H441-
pl6 MEF)A pl6 T o] B3] LHEHE=AE
2913}7] 918ked polyclonal rabbit anti-human p
16 (Pharmigen)& Al8-3}e] Western blot analy-
sisE Al Axt, NCI-H441 A|EZFojxE nega-
tive result7} Ugkov} NCI-H441-p16 M EFdA
+ positive signalo] #&E] p16(— )¢l NCI-H
441 AIZFA pI6 FHA} B oYL 8
Q¢ F A} (Fig. 2).

Fig. 4. Western blot analysis of the expressed
pRb protein in NCI-H441 cell line and
NCI-H441-p16 cell line transfected with
pRC-CMV-plé

2. p16 |Ex oY ¥£2| G, MZF7| B TUF
HE

2-1. p16 : cdkd 234 ¥4

p163 cdk4r} in vivoolA ESHAE YAdskevle)
8§ #¢1& polyclonal rabbit anti-human cdk4
Eo|g]9} protein A-sepharose beads& o]&3]
o2 AA)7lz SDS-PAGEZ 2838 & pol-
yclomal rabbit anti-human pl6& (XS 2 3o
Western blot #4& Asfslgdry. 2 H3), pl6
cdkd BRAE PAon gleS U ¥ UUx
(Fig. 3) ©l24 cdk4 : cyclin DI 57} RbE
QaglAlF|E BEA AT ARl pl6o] cdkdst
Aggto 2 X Aastn e AME 898 5 AN
o}

2-2. pRb 2 w¥e] ws}
$160] §AR o]gdd NCI-H441-pl6 A EFNA
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Fig. 5. Clonogenic assay of NCI-H441 trans-fected with pRC-CMV and pRC-CMV-p/6

pRb T I&e) ofi W3yl HEAE Eels)
7] $I3kd monoclonal mouse anti-human pRb
(Pharmigen)& A28l Western blot analysis &
A d3t, diz MEFQ NCI-Ha41 A 3o A
Br} NCI-H441-pl6 M EFo| A signal band &]
A7} Aas9=d (Fig. 4) o]= phosphorylated
Rb7} 7E4319 &8 JERE ARdleldt. oj2d 9%
oA ol]lE pI6ol M= Ex14 ZE7]He] Rb
QuEE Ao Ferhs AMES ERIF F
A}

3. p16 THX} oldoll 2fpt et &3

p16 #7332} ol]dell ot ] adE #<lsy] 9
#el pI6(—)) NCI-Ha41 AZZal pis §27
F BZ2A4AAE o]Yd F clonogenic assay & A
it ZF A EFoick F sl wikHA S 285}
of G418 EAstell 25 ol wjgste] FAE colo-

ny #& A&t vlwslded 1 A7 dizAxs
£ colony 47} z2k 163702k 145707 A8 w
@, NCI-H441-pl6 AEFME colony 47} 2}
7+ 51748} 237024 NCI-H441-ple AlE3oA
iz A2 vls |7 colony ATl st
#2¥gcH(Fig. 5). olalgh Azjol|A p16(—)<) 1)
AN EHAG A EF pI6 FHA ojjo 2 A ¢
A4 a7t AEEE U F Ut

[

L

p16 FAA} AEFY] 28 E B FFAARA
2A9] 715E EHTTRE 2T 2AE o2 IR
ol A BT 4= 9t AR =R, pl6 KA G4
A4 9p2igol Axsh=l, 9p2iqe #H, A3, Wi,

A%, B8, AR, A% 59 ¢4F (carcino-
3
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Hola®3 1, ERRE, ol o] FUNA Lo
A AEFEAN ple FAA FY  A:
(homogygous deletion)3} pls el EHel7}
&3] gFgve Hoy', ARz s, 71EY 94
A% 2 oA pl6 FRAke] BRI} I
the Holm 310 2= pi6 W Fo] in vitro
A cdkd4 : cyclin D E3A9] 848 A8l Al
¥ZHe &4 2 Az Fgdtis ol e,
gk ol A ksl oE-g AAEHE YA
e, o8 T3] slF MEFAAE pi6 FAR}
o] ¥ol7t &3] A e AR MigER] ¥e
A} FgollAe Aolu} Edolet 2L {12 Wo)
o Mer} R Rohs Folh!~13 19, malA wla
AEHAYNA plool T FUAAEAE Felslo
p16 FRAAL ] el digk 7lx ARE )
X piso] AL vaMEAG MEF pl6
F22; o] Algsle] LA F FUYHA 5] o
Hg A3} 2 HEAE Gk Aol 1 83}
7] W] & AFE AgEch. B dFoiMe
plasmid vector® ©]&3}o] p16(—)¢) NCI-H441
HxF AEF lipofecting- olg3l] pr6 FHA
olYl& N £ colony AT omM FYAA AR
€ A 7Rt o9 NAEA g AlEF
of s #AF colony B2 Zast #Eso,
olg]gt ANEE & o FHolx vAMEHY A EF
M pl6 K37} oljlel o FgA asrt £3)
FEEths AMEE ERIE & )

p16 AL o|]lel o7 FFA A E BAY v}
£ a7 2958 29uy, OkamotoF 'S A4t
4 AEZF] pRC/CMV plasmid vector& o] &3}
of pl6 HHAE ol A} colony FAwol Aa
&g gdlsli, Arap % pleol ALH AA
g MEF calcium phosphate o2 pi6 43
g olYstd FXAA aHE BES A3 FF A
g AEFe AFAA 598 AT 5+ YUk
¥ Arap 5o] AlE 22 d7olA pl6 FHe
2 wild-type®] pl6 DAL Bsh= AALE A

| pl6 RAA o|d& AN AL AEZY
A4 £7E #EE F At 2 rHe g e g4
e GARE pl6 AERAd 3 4 FRE A
& pl6e] ExE< CDK4Y cyclin DEo] 2Z &
T HEEHAG? G/S AEFT] ol Hqdt
= B2 fARE Az olgnl p5s3-p2IWAT Fol
84 EAYG AEEso] Yepke d3st obdrt
ghal $53 o]ef§l AME FYIAFARE o &
g fAzk e ddslsket AlAble vt Ak
Az B EYRfAARe] §A% olgdoz
= UE 45xE 5ol o9t AxEy] 8438 2}
@& = glo] FAAFAA ] oS fAdR 2 ¥ E
dutsiA717] HeliAle p537) pl6o] 2§F ol ¥
g #4721 olde] e¥ = & Aol g
£ AFAE wild-type?] pl6 THido] W= E
AEFAAE pl6 AR olYell &g F¥IA &7}
& #EsA Rslodat ololtiside 5 19 97
7v "astisn A24dot, 2 478 shshEd 99
A WEska e P & HEA wEe 34
siQloll <3l pl6 & A&Ao =z LHs= AXFE G
& F gloked Atk F FFAAR-BAR] pI6e] #
Aztolgiso} PEEHA vl N FAPER o]ojR)7]
wj o] flow cytometry& 0|83 S MEF7
Ao AFAL AXEAFNE SR F e
o] girh. ole)st stable transfection®] Y& p
6 gt opgl FYAARARE KRR RIS 5
gete Al 2w 53 e YHoz o
E FE3] YalAE vector cloningAl inducible
promotorS 3 cloningdted f-@xlolgigto =M
Yo AN 5 =80 od] fAxPLEA
& Aol ditke] & gl& Holet g}

G pl6 A9 AEFN pl6& FA7 o1Ysky
TPEEAA ole} #EFE AXFY] il HIE B
e drZdzhs ofbd B vl gled, B dFoiA
pl69] cdk42} in vivo complex& ¥AJ&la 9le-&
A& = Ao FAld] Qlisl Rbe] Zravt &3
=o] o]z QU3 colony ¥Ad5o] TaHo] FFAA

o oo
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37 NG adEd. & A7 A" p
16(—) NIH-H441 ®2A¥#HS AXFE wild-
typed] Rb ¥4 MEF2 dejA gloma oA
71€% uish o] Rb FMEFNA pl6o] cdk4
o} 233l cdkd o) BAsHE AATo =N FEFAA
A7t AEE UFE AL B A7 BX% v} 2
o] p16& °}&F FAAaR | BFA 7HeE AA
ke Abdolzta AzbEd.

2 o

AFEHE :

AEF719 848t 21 FAME 53] Gi/S oldle
fodle AEF7|HE dNPEL BBl oA
o9 9% A% k= Aoz dEA Aok G, Al
37 38 99 F9 shidl cdk4 (cyclin de-
pendent kinase 4) 2] AR Z deiA U= pl6 #
Axe FHd WA FF9ARAZS Y sUEA
MTS1 (multiple tumor suppressor 1)o]glnx &
Ak p16 FAAE AF7HA Eeid ol EFU4d
FARRTGE fAAR0le] NEr} e elAgH
A1, 53] vlAMEFHNRI A= 70% o139 Al
XA pl6 Blde] WHol Qe Aog ¥EA
Ae] p16 FAAE B A EH Y B oS- FaF
AEE T Aolgka ¢8A Uk ¥ AT vlA
MEAGANA pl6E ol8F FAAARS] RS
&3] st et 22 dFE Al

F L

p16°] AAE l2AEAY AEZ (NCI-H44a1)e,
AA oA EAl A £ RNAE 223l Adras
4 DNA Fgasigozs ZZ9 p16 cDNAE &
AL BH  vectorgyl pRC-CMV plasmidal
subcloningsle} &8 pRC-CMV-pl6 plasmid
vectorE lipofecting o]&3le] {3z o|Yd %,
DS 2Z3lod Western blot B33} Wadxaw
o2 G AEFr|Ed gude WEs I,
colony B4%5E& vmgozn A axss Felst

ok,
A 31}

pl6o] FAAFEUYR NCI-H441 MxFqA plext
cdk47} EFAE Pt Uz A8t Rbrt iz
A X vl ZhAaE] 93-S AT 5 U, pl6
o] cdk49} Asto A cdkdol gk Rbe] 1413}
£ W3t old W G, AEF7] ZA o8 F
FAA A7 YePdths A9E SRR £ o
Clonogenic assay Z3= pl6 FAxFU"E NCI-
H441 A¥39) colony Ao & NE 3 |3}
o d43] 74%e s

E:

olide] AA = pI6(MTS1) F-3AE pl6 @i g
2] Bl HAA XS AEF U8 39,
FYg F-1A A BAdEE pl6 D] cdkel 2
g3t Rb @ide] <Aditslg A3rA 53 e
HAA G2E Yo F Ugo] EIHUL, ol F
T HaMEHte fARAE JolA pl6 #-FHA}
9] o]& JIeAE § V|xAEIT Evtn A4H
o}

!
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