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ABSTRACT

Background: The normal functions of the cell cycle inhibitor pl16INK4a are frequently
inactivated in many human cancers. Over 80% of hepatocellular carcinoma (HCC) cases
lack a functional pl6/Rb pathway. pl6/Rb pathway, as well as p53 pathway, is
considered as one of key components of tumor suppression. Methods: To study the
roles of pl16INK4a in HCC, a stable cell line expressing exogenous pl6 was generated
from SNU-449 hepatocellular carcinoma cells lacking endogenous p16, and suppression
subtractive hybridization (SSH) was performed in parallel with the control cells. Results:
1) SSH identifies fibronectin (FN1), crystallin aB (CRYAB), Racl, WASP, RhoGEF,
and CCT3 as differentially-expressed genes. 2) Among the selected genes, the up-
regulation of FN1 and CRYAB was confirmed by Notrthern blot, RT-PCR and by
proteomic methods. Conclusion: These genes are likely to be associated with the
induction of stress fiber and stabilization of cytoskeleton. Further studies are required
to clarify the possible role of pl6 in the signal transduction pathway. (Immune
Network 2004;4(4):237-243)

Key Words: Suppression subtractive hybridization, sustained p16 expression, hepatocellular
carcinoma, differential gene expression
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F43 G $ANS TR A HEty o p16INK4a promoter methylation®. 2 Q13+ p16 T Aty
7)o p539} Rb (retinoblastoma gene), pl6INK4a Fo] 220l AF FFHTHG7), 12 A= pl6INKdat
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AHeHE do itk Rbo Q14bsh= Rb7E AARQIAL E2F9}
2A%stA ZeteE sk, E2F FARIAE GlolA S
phaseZ 9] P& FIAA FA}EE grh. 12
pl6INK4a©] CDK4/69} A3} cyclin D2} CDK4/67}
2342 4stel BB AL ok, Rbl Q43
= A= E2F%t 23S FHE Follo] S phase=
A&spA] ZEH9,10). A 24, o], Z2R
E] 9] methylation 2] 1ol o34 ple Tl A o] Id
o] A=W ¢te] WA o] FXHThE A4S pl6INK4a
fFAzpEd o] ¢8}7}g (carcinogenesis) S W= A E S
wofet A4S st gles oV FTH(1-7). pl6INKda=
RbE 2AFO2H HEFIE 2A3E 98¢ 34
g ople 9 A WS Tt thkgh Al ZAESHAQ
H3l% A el = 7] wfiol, pl6INK4a/Rb pathway”t
NgH o AEF/E 2AGH P FE A
7165 3h= molecule= 9] THA L PP H 0w FEFS
nE 7tsAds #9E 4 glth

a8 EE B A A E pl6INKda Lo o3le] %
B Wl tskel BA5E Aol AFHLA
AGstdom, oyt £2S 7Atste] Ao A&
AZFE ple DAL BHA Fov] F4H Rb
715E EESE SNU449 HAZFES Adsch
SNU-449 A3 empty vector (control)2} p16INK4a (sam-
ple)E olYdsta HHS Tt MH AN MEFE TH
aH3laL, ple B S W= A2 BHA Fe
control Al|3ZA}Fo] ol suppression subtractive hybridization
(SSH)S AAet4ath ¥5 22 ZA 3= housekeeping
FAAE AAGA Tl 27t Y= FHAE clon-
ing 32l DNA sequencing®} homology searchS 53}o]
AAE SAAT ALY 2ol & #&Ae7] 9
3} Northern blot¥} RT-PCR-E A A3} Fibronectin
(FN1)#} crystallin aB (CRYAB)S 712 <latgla,
CRYABY 79+ @A ojatd A7]% 53 MALDI-
TOF #49] ¢J3te] a9 Z7hs gelssich
N == =
A EH) . SNU-449 A XEF= S A EF 28 (KCLB)ol
A B-oF Wkgko 1| SNU-449 A| E+= pl6INK4as} p53 #7
Ztel] s Aol WolE 7FA AL QlTh(11). pl6INK4a - A}
F-E-2 homozygous3tAl deletion ¥ o] pl6 T A o] dt&d
o dojupA] gkom p53 A S FAR)F Y p53S
] 30H(12,13). SNU-4492] vl 9F-& ACL4 Hi Aol 5% 9]
fetal bovine serum= 3 7}3}e] THE ARS i #| 9 5% CO,,
37°Col A wl sl Ath ol YS 98l SNU-449 M EE
6-well plateo] 2x10°©. & plating &3l &FF F ol pcDNA-
p163} pcDNA3 (Invitrogen) empty vectorE FuGene6 (Ro-
che Molecular Biochemicals)E AF&3le] o] Yst4ch

Stable cloneS-2 G-418 (750 ug/ml)S X3 Hj | ol A
277 sk

Immunoblot assay. ¢t 2 Q1 A= cloneE 9] ple T
2 o] AALE Hste] v GAHZE lysis buffer [50 mM
Tris pH 8.0, 5 mM EDTA, 150 mM NaCl, 0.5% NP40, 1
mM PMSF|ol| &J3te] @ dS FE3kal F Tl A ¢S
Bradford assay (Bio-Rad)E 53} 243t e o
A 285 14% polyacrylamide geloll A & 7] &3} th
o] A& Immobilon (Milipore) PVDF©]| transferd} il block-
ing buffer (1% skim milk, 0.05% Tween 20 in PBS)ol| B} &
3t 3 anti-pl6 39 (Santa Cruz Biotechnology)g %83}
Aot oz} YO ZE horseradish peroxidase (HRP)-
conjugated rabbit [gGE AF8-3}31 ECL % (Amersham)o]|
9]5to] signalS ¥} TH

ARZAZATY NEF7NEZA . AEZE 6-cm plateo] 3x10°
© 2 plating 3t 74A 714 wlY M ESE hemato-
cytometerZ SASATH Al W9 59 AFS HA5
1 B3-S #3549} Fluorescence-activated cell sorter
(FACS) #4212 5x10° cell’& 10 cm plate®] seedd}il 5
B Wl F 2x10° cells ZH7 423}5)e] PBSE
¥ washd}32 1 ml PBSZE resuspend$t &, 4 ml2] 100%
ethanol 2 4°CollA] 1A13F &QF 13kl 20°CollA B
Ak AEE AR Fgstal PBSE 2™
wash3 TF2 0.2 ml®] PBSO] resuspendd}til of7]o 0.5
ml9] RNaseA (100pg/ml)$} 0.2 ml2] propidium iodide (1
mg/ml)E ¥ o] 4°Col| A 3087 G35 o2 A FH]
% sample> FACSCalibur (Becton Dickinson) flow cyto-
metry system< ©]-&3to] =43}

Suppression subtractive hybridization. Total RNAT
Trizol reagent (Invitrogen)¥} RNeasy kit (Qiagen)S A}-&-
&to] 323}l cDNA hybridizationd w7}2] -80°Cell A
B #3519t} Total RNAZH-E] DNase I (Life Technol-
ogies)S A}83l4] chromosomal DNAE A A%} o™
double-stranded cDNAS] 34 SMART PCR cDNA
synthesis kit (Clontech)E A}-8-3}o] 3489t SSHE
SNU-449/pcDNA 2} SNU-449/p16 A}o]ol Th= A 23 g
= 35 27] $138ted CLONTECH PCR-SELECT
cDNA subtraction kit (Clontech)E A}&3t] FHFA}2
manual®l] webx] AT QoFstH, /3 € double-
stranded cDNAZS Rsal A& A E blunt endE A= 1L
SNU-449/p16 258 43 cDNAS F 79 specific-
adapterE 9% Wekol| zhz}h Ho]i SNU-449/pcDNA 25
B 343 cDNAS} 68°Coll A hybridizationd}] house-
keeping geneE<S Al A3} TE  Subtraction©] EW ¥
adaptor-specific primers ©]-&3F F W] Z% PCR am-
plification©. & signalS FZ3&} %t}

cDNA9] cloning®} sequencing. SSHOI| 9|3} THE 0%l



PCR 4FZ-2 PCR2.1 vector (Invitrogen)E A}-8-3}<4] sub-
cloning 3} t}. DNAS] sequencings t}7}et= 2| o} vjo|
Wtz (F) FHAS A e SF st AAEH
homology searchi= NCBI-BLAST search programS A}-&-
sto] 33kt

Northern blot3} RT-PCR. Z+ A|ZZH¥ Trizol (Invi-
trogen Inc.)S ©]-83}4 total RNAE FE3}9 3 5 F
total RNA (20~2519)Z RNA gelolA] 27|53}
membrane . 2 transfer 393t} cDNA probe= AlkPhos
Direct labeling system (Amersham bioscience)S ©]-88} <]
A 23192 blot} hybridizationgt ¥ detectione Amer-
sham ECL non-radioactive methodE AF§-3te] A A] 319
o}

FAA E gele 93 RT-PCRY= 0.11g9] total

RNAE oligo (dT)is9F AMV & HALE 4 (Promega) S $Hr
S JHARE AT 38t F 10uUZE THEO] 42°Cel
A 3057} vl oFEte] cDNAS sttt o714 119
cDNAE FTZAH gAY Z33}3. Thermal Cycler
(Core system)E ©]-83}4 95°CollA] 30%, 52°Col A 30%,
72°Col A 30%(actin®] %), 95°Cell Al 30, 48°CellA]
30%, 72°Col A 30%(CRYABY] )& 273 5Z3 ¢
+ 1.5% agarose gell A 719953}tk Actin?} CRYAB
o FZ2 98] A4F primere] F71NDE The} 2
t}. Actin primer®] -+, 5’-GGACTTCGAGCAAGAGA
TGG-3' 3 5~ AGCACTGTGTTGGCGTACAG-3’¢|™, CRYAB
primer= 5-TTCTTCGGAGAGCACCTGTT-3’#} 5’-TTTT
CCATGCACCTCAATCA-3 o]t}
Proteomic analysis. SNU-449/pcDNA <} SNU-449/p16 A
EZ ARS v A A wjFEte] 2x10° AIES 72 8
st PBSE 29 Al H st B4 wj71A] -70°Col| A X
et AEEZRE dHAFEZE opE AHAHS
AHESFRIL o AL T| G F A 28] o] Fof
HzjolE Hole T A spotES 41431 th MALDI-
TOF mass spectrometry (MS) 292 Al =v}Ql ol &g
3}o] Ettan MALDI-TOF (Amersham Biosciences)S Al-&
st 3N Y €5 ¥ mass spectrum . ZHE T A
S 5A317] 918t ProFound 744l A (http://129.85.19.
192/profound_bin/WebProFound.exe) ©]-&3} 4t}

e 7t

AR ool 9%t pl6 DAY WEHA FFAA
A3}, SNU-4494 & pl6INKda A2} Fio] A4y
o] pl6INK4a g o] L& E ] er o} A4F2] Rb 7]
= 7HAM12), o] FE 9] ps3 FAAE Eg et
th(13). ¥ ATl SNU-449 A Eo| exogenous
pl6INK4a LHO 2 2 == HIE AT317] 93t
p16 expression vector (pcDNA-p16)} empty vectorS ©| Y
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Figure 1. pl6 expression in stably transfected SNU-449 and
suppression of cell proliferation. (A) Western blot analysis. Cell
lines were established by transfection of empty vector (1) and
p16 expression vector (2). Cell extracts were collected and equal
amounts of proteins were separated on a denaturing 14% pol-
yacrylamide gel, blotted, and probed with anti-p16 antibody
(Santa Cruz, C-20). (B) Growth rate comparison of the stably
transfected cell lines. Cells were plated at a density of 3%10* per
60-mm plate and cell numbers were determined daily with a
hemocytometer. The graph shows cell proliferation of vector
control (broken line) and pl6 (solid line) cell lines. Standard
deviations were obtained by counting cells from three separate
experiments. (C) FACS analysis. Percentages of G1, S, and G2/M
phase cells were calculated by FACSORT program (Becton
Dickinson).

St H G418 S T3+ stable cell lines 5H 3}
At 583 stable cell line® A ple Tl Ao] 23]
AR =R 5 F92135}7] 314 polyclonal rabbit anti-human
pl6 (Santa Cruz)S AH8-3}¢] Western blotS A3 st A7},
empty vectors ©] ]38t SNU-449/pcDNA ] A= negative
result7} Uk SNU-449/p169) A= positive signal©|
15 o] pl6INK4a FA2k2] BHS FAT 5 A
(Fig. 1A). p16INK4a 312} o] Q)] &gt A EF 2 A
ARE BuA e SASAT 4 Alzeig 24
7} 3x10° @E 2 60 mm platedl] seedd}i wjY A E 9
7S hematocytometerE ©]-8-3t] S A=d 1 2
7} SNU-449/p16 A 9] 79 thx 3 vluste] F58}
Al Qo] AAEE q4E #2S + AAThFig. 1B).
Fig. ICE 2 702 59 u 3t XY NEFVE
=43 Al SNU-449/pleo| e thxT3} B w st
G17]d ®& ME7F F7te ey s7ld e AlEe
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Figure 3. Northern and RT-PCR. (A) Northern analysis showing
up-regulation of fibronectinl (FN1) mRNA in SNU-449/p16
cells (p16) compared to control cells (V). Actin cDNA probe was
used as a positive control. (B) Up-regulation of CRYAB. RT-PCR
was performed as described above using the RNA from the
SNU-449/pcDNA3  (vector control) and SNU-449/p16 cells.
Shown are ethidium-stained panels of a 2% (w/v) agarose gel
containing 5ul of each PCR reaction after electrophoresis.

31%AN A 7%= FAS At (Fig. 10). MEAPE AL +
M EF BFo|A FaE A ¢k9kti(data not shown). pl6é
A s st AEFet HEskA e dxae
A Z7FE T Apoltwk oje} A2 RG] QoM E
2Fol 2 UEHEH|, SNU-449/pl6E Bl 7] vpdto] =
1 G2EA B3 vacuole® Eo] HzHElom AFEQ
HP2 A o] Bo] ol R, o2 Q] SNU-449
pcDNAE Zal fA8 A RS W YTH(Fig. 2).
Suppression subtractive hybridization S ©] &3} cloning
2 sequencing. pl6 T 22 Rbe| Q1XHELE AT
971 Wil RbE T MEF7IE2H A #HAFH. pl6
g At o] 2efste FHALEY] HILE Yolr 7]
H3te ple G S BHh= Ao} YA = Al
Aol el suppression subtractive hybridization (SSH)E 4
A8 Tl SNU-449/pcDNA S} SNU-449/p16 A 3ol A
poly (A)" RNAES 3Z3}al reverse transcriptiond} o]
cDNAE A|Z3 b5 SSHE AAsto djz2ad A EAL
ole] FFOZ EAISE housekeeping RS Al A3t
St} Subtractions 3 cDNAE nested PCR amplifi-
cations %3l FH 3] PCR2.1 vector (Invitrogen)ll
cloning 399t} A ¥ cDNAT DNA sequencing=S &3}
o] 7] QS AL blast program (NCBI) S & #2189
‘3} Table I A= 4548 4 B3t gld F34
= AAsta =T fibronectin (14)3 22 ECM protein,
WASPUr Racl (15), RhoGEF (16), CCT3 (17)% #&
cytoskeletonS 23} protein, SPARC (18)9} o] A|
¥ o} ECMZH9] interactions 243} protein 52 mo-
lecular functions ©93le FHAES Egsta

CRYAB

iced by
19 with
VLLLUL LULIUUL \D) OLNUTTT/ WILL P11y protein
expression. Note the greatly increased flat and

CR¥®Bted appearance. (200X magnification).
Start-End Observed Sequence

; 83290 i 986.535 HFSPEELK: i
40004 108-116 ' 1088.53 QDEHGFISR &
: 73-82 1 1148.69 DRFSVNLDVK ' |

< |

)

1222 | 1374732 RPFFPFHSPSR

Intensity
s o
2

1000]

900 1000 1100 1200 1300 1400

Figure 4. Two-dimensional pattern and protein identification of
CRYAB. (A) 2DE image showing the up-regulation of CRYAB
in SNU-449/p16 (2) as compared to vector control (1). (B) Fin-
gerprint mass spectrum corresponding to observed m/z value for
CRYAB.

]

Up-regulated F-3249] 21, SSHE &3t £ 7
7} Northern blot, RT-PCR, Z2H & #A4A S &
sto] A E@e] Aol I3t FNI cDNAS
Table I. Summary of cDNAs identified by SSH as being induced by sustair

Identified genes Sequence 1D
Fibronectinl NM 002026
Glycoprotein nmb NM 001005340
SPARC AK126525
Racl NM 198829
Crystallin, alpha B NM 001885
WAS protein, memberl NM 003931
RhoGEF NM 005766

Chaperonin containing

TCP1, subunit 3 (CCT3) X74801

probeZ SNU-449/p163} SNU-449/pcDNA| A FZ3F
total RNA 2] Northern blot2 3+ A3} actine & E 59
A Aol U5 H Ot FNI1S SNU-449/pl16 A ol 4] tf
2R g 4 THdES ST F AT (Fig. 3A).
Crystallin, aB (CRYAB)Z &<} 815 9]} PCR primer
£ A3l RT-PCRS 2 A4t} Fig. 3Bol A SNU-
449/p16 A X o] A SNU—449/pcDNA 2Rt 2o o
o] mRNAZ}F B &S &9 & ok F AEF



FH F29 @S A7 952-DE)= AN
sta HE o] 2ol S YE = spotsS MALD-TOF MS
2 EBAM3% A3z, CRYABOZ A ohuld gpoto]
SNU-449/p169l A Z7}3+-S 8913} th(Fig. 4).

X+

K
b

9 A A 2] 9p219] ¢33 INK4a-ARF (CDKN2A)
locus= F70] F4IAFHAA}, = pl6d}h ARFE ZH 3}
3 Jd=dl, pl63 ARF= ZZt pRb9} p53 pathway2
upstream regulatorZ 4] €S- St} Hepatocellular car-
cinoma (HCC)l A 9p21 locusd] 24 E&= WE3stE X
ghak A A9l Wol &L 78%0] o] &t} 1#EZ HCC
of 3lojAl INK4a-ARF 32} AHE9] silencing cell
cycle ZEAAEA 9 75 oS Zejetr] wiEol 7}
WIS T2 29 sholth(1-7). HZdde AE
=3}7} tumor suppressor gene?! p533 pl6INK4a} 3
Hol ow AME=sb ¢S HolFe W7oz
A4E8 F dvke AT ZAESo] TEHATH19-22). Tu-
mor suppressor 8-S 3= ple B AL plo-nulldl &
A FAARES o o] wet L W3t 2
He RS FAUTL st AS golEe AL F
H7b A= dolth o9 2 ATE 317 Y3t, ple
S M ELR] e SNU-449 7HHA| E£FZ pl6INK4da
FRAE o]dg NEFE et FHAE o] YstaL
8-S A stable cell lineS 4% 3} THSUN-449/p16).
) Z ol = empty pcDNA3 vectorE o] Q43slo] AEFE
T 3} I THSNU-449/pcDNA). SNU-449/p16= SNU-449/
pcDNAC] H&to] AGEE7F A8 A Fas AL,
flow cytometry 495 3| H T SNU-449/pl6= G171l 3
+ A|3EZ7} SNU-449/pcDNAC] HI3}o] 30%91 4 53% 2 5
AN, $710] AE AEE 31%0M4 7%= 748 CHFg.
1C). Table 19 A4= SSH £4& T3 Eod 345
A Aek9 =, 7] fibronectin, CRYAB, RhoGEF,
Racl, WASP, SPARC, CCT3 59| 327} E350]g)
t}. Northern blot, RT-PCR¥} proteome analysisE &3}
FN13} CRYABY Z71& 3<1& 4 919t} Fibronectin
(FN)2 A2 2Fe] S A o] dige] EAjs}
= 8314 9] plasma FNZ} A3 9] 7] (extracellular ma-
trix, ECM)oll EA13l= 2849 cellular FNS.2 U= 4
ATt &34/3] N AE 9] 71dol A AEFEHA e
SAFEI vhgS Foto] o] dojubal multimer
E FATCEN B84 NS JAsh Axe] 714
o] 9= FN2 fibronectin receptor® Z}-83}+ integrin
family ¥} A EZFEHANA A3t A LT oy AFEo]
T Y ArA AE A 7ed #Ho] Utk Zhang er
al (1997)2 actin microfilament®} fibronectinol| th g+ 3%
YA E AFESH Aol A A EZu)FE7] utgel] EA) =
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fibronectin®} A Z W5 9] actin microfilament”} ¥l €& &
A3t Bo = sta Jes #EA=T, oA AE
)X 9] fibronectin®} A LU H-o ¢J+= actin microfilament
o} Agtate] MERG] FAo T8¢ 9TS 3t 3l
w2 v Ech23). A2 714 PN integrin?} o] A
9+ signal transduction pathwayE 53} Rac, Cdcd2E
A7 0 2 M focal adhesionT} stress fiber A4S &
& 4= JtH24). Fig. 204 SNU-449/pl6 A E 2] =k
2T 22 cell spreading d/do] dojdS £ 4 3l
=8, AXe g3 W3lo]= plasma membrane re-
ceptor®} actin cytoskeleton &4JS 123} signal trans-
duction pathway”7} #A|3t3 9o H, o]t A o= Rho
GTPase, focal adhesion kinase (FAK) 5°] 1tH25). SSH
X 23 F8AF Rac, RhoGEFS 22 small
GTPase Rho familydl] 43t= fFA27F #AE =0, o
AL pl6 @A o] Rho GTPase A& A& 7] 22] &4 3}
of Ao ZH Mo et WslE =YY 7t
& dAISH plasma FN9| 7 -9-ol= A 3Z7} apoptosis
He Ae AT H26).

Fig. 3B2] RT-PCR Z ¥4 CRYAB %27} SNU-
449/p16°l| A o] F7Hgt AL & & AT w-crystallin
ol A o Bzlako] 20 kDa¢l ¥ FHF 2 monomer (aA 2}
aB)7} multimer & 743} 800 kDa 7} 2] complex %+
B2 EA gt CRYAB Tl o] A4S stressol] of &
A3 2] BH-8-7]4 © 2 molecular chaperone 7]5S 3 3
th(27,28). CRYAB @1 A2 Fo] A E F+A3I= F
L35 gl o] x| gk o] o} non-lens Al Z oA A% T
o] QojL}a QITH29). SNU-449/pcDNAS}H SNU-449/p162]
o] A4 A 7195 image BlnLo A, SNU-449/pcDNAI A
= CRYAB ©¥jdo] A Holzx kA%, SNU-
449/p169 A= 713+ CRYAB @ 2 9] spotS ™ &3]
E 4 QI TH(Fig. 4A). CRYAB T A& stress7} E A 3=
2F&oll A actin®] Y tubulin 5] cytoskeletal elements 3}
A3} molecular chaperone &g O ZH A EZZH
9] A3 E F=rH30-32). Iwaki 5 (1994)S CRYAB2)
antisense cDNAS A}-23lo] CRYABY &3S ZHAAA
S u microfilament network®] 3 E #AE F U=
o o] A2 CRYAB T4 & o] actin cytoskeleton®] <H4 3}
st 71oEtal oS HoFE Z9]tH33). CRYAB
Tl AL stressE (2%, M5, oxidative stress)ol o 3}
of AlZ9 AEFAS S7H71™ apoptosisE Aot <
g% 3th34). L& o] =713k CRYAB T4 A o] actin©]
L} intermediate filament®} 23l A|EXZF A< <ok 3}
o 7lofste Ao 2 FH =], SSHollA #2ld 73
AbZ 9 actin®} tubulin®] foldingS &+ WASP (15)<}
CCT3 (17)%= morphological change$} F#Ho] & Ao Z
A Z+Eth FNZ CRYABS x=3t9] 23)3to] wpe} ==

(
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=3tol B E AWoA FHo] BFETE HoA ¥
THE 2 F Avh35-38). A2 A7l oatd hu-
man cello] MEZx3} A E So717] Y= NEF
719l ZZ 2?1 pl6/Rb pathway2} genomic stabilityS -
Ast=d Q3 p53 pathways A Q=2 $HT}H(22).
27 & o] AL} intrinsic stressE-> pl6/Rb pathwayE %

3}l telomere shortening %3+ DNA damageo] 33+
stresst p33 pathway?] o] It F4sa )
t}. p537} pl6/Rb pathway o] o= & v ¢ BT
of TAZE YA FEES AEFr|e Mgow T
mgtol FE T 7hsAdo] AR FolA A "ok
pl6 tumor suppressor/} RbE F Ao 4 FHEHI
AEF7129] P& A8t o TS 2 F 3
e de 2 4HA AAN plest Mz W)
=8 4 31+ signal transduction pathway<}2] 73
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