Kor. J. Microbiol. Biotechnol.
Vol. 32, No. 1, 72-77 (2004)

Cyclin-dependent Kinase X{3

CJuH

=

E p16™K4ae] OIR| 2tMZoIAS]

£

for

A Cyclin-Dependent Kinase Inhibitor, p16™~¥4A, Induces Apoptosis in The Human Cancer Cells. Kim,
Min-Kyoung and Chul-Hoon Lee*. Department of Medical Genetics, Hanyang University College of Medi-
cine, Seoul 133-791, Korea — Previously, we synthesized a novel Cyclin-dependent kinase inhibitor, MCS-5A.
Also, we investigated the involvement of cell cycle regulatory events during MCS-5A-mediated apoptosis in
HL-60(+p16/—p53) cells with up-regulation of p16 protein expression. In contrast, apoptosis was not observed
in A549(-p16/+p53) cells. Therefore we propose that p16™K#A is a key enzyme for inducing apoptosis. In the
present studies, we have explored the mechanism of p16™%*A-mediated cytotoxicity and the role of p16™NK4A

overexpression in the induction of apoptosis in human tumor cells. The tumor suppressor gene pl
known as a cyclin-dependent kinase inhibitor (CKI) and cell cycle regulator. We expressed wild type p16™

6INK4A is
K4A

in pcDNA3.1 vector and then transfected into non-small cell lung cancer NSCLC) cell expressing different
statue of p16™ A p53 gene[AS549(—p16/+p53), H1299(—p16/—p53) and HeLa (+p16/+p53)cell line]. TUNEL
assay (including propidium iodide staining following transfection of these cell line with pcDNA3.1-p16) indi-

cate that p] 6™NK4A

-mediated cytotoxicity was associated with apoptosis. This is supported by studies demon-

strating an induction of caspase 3 cleavage due to the transfection of A549, H1299 and HeLa cells with
pcDNA3.1-p16. These results suggest that p16™<** has a new function of inducing apoptosis which is not
related with the function of tumor suppressor gene p53.
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o}, wioFel-2- FBS 10%7F A7Fe F-of oFul A (rich media),
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pcDNA3Y/
V5-His A
5.5kb

Fig. 1. Feature of the pcDNA3.1/V5-His A vector.
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% o} BamH1Z} Xhol& #2]8}ed PCR Ab=9] 3Ax %
< #elslelar, gels plasmid T+ transfectiono] ©]-8-3}
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Transfection

Transfection-> X-tremeGENE Q2 transfection reagent®
o] 4-sle] Al 18]. Transfection WA} M EFE 244
7r o)Al 72 well & 2x10° cells/ml-Z 6-well culture plate
o wiokslol o, MEF W2 =9A1Z EFohav]|= DNAE
FEE( pgl, 5 pgl, 10 pguhE FHI sk XQ2
reagents: =HAIZ FEpAU|E DNAS} F8F $HI8KAL serum
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cggagagggy gagaacagac aacggecgec ggggageage atggagecgg Cggcggggag
cagcatggag ccttcggctg actggctgge cacggecgeg geccggggte gggtagaggg
ggtgegggeg ctgetggagg cgggggceget geccaacgea ccgaatagtt acggteggag
gccgatccag gtcatgatga tgggcagegce ccgagtggeg gagcetgetge tgcteccacgg
cgcggagcecce aactgegecg accccgcecac tctcaccega ceegtgeacg acgcetgeceg
ggagggctic ctggacacgce tggiggtgct gcaccgggece ggggegegge tggacgtgeg
cgatgcctgg ggcecegtetge ccgtggaccet ggetgaggag ctgggecate gegatgtege
acggtacctg cgegeggetg cggggggeac cagaggceagt aaccatgecce gcatagatgce
cgcggaaggt EcCtdagai?a tcecegatte aaagaaccag agaggctctg agaaaccicg

ggaaacttag atcatcagtc accgaaggtc ctacagggcc acaactgccc ccgccacaac
ccaccccgcet ttecgtagttt tcatttagaa aatagagctt ttaaaaatgt
tttatatcat

ttcttataaa aatgtaaaaa agaaaaacac cgcttctgee ttttcactgt

cctgcectttt
tttttatata
gttggagttt
tctggagtga gcactcacgc cctaagcgca cattcatgtg ggcatttctt gegagcecteg

aacgtagata taagccttcc cccactaccg taaatgtcca

cagcctccgg aagctgtcga cttcatgaca agcatittgt gaactaggga agctcagggsg
ggttactggce tictcttgag tcacactgct agcaaatggc agaaccaaag ctcaaataaa

961
Fig. 2. Complete coding sequence of p1

aataaaataa ttttcattca ttcactc
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= FASTAR flow cytometry(Becton Dickinson, U.S.A.)
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Western blot2 M EE %8l D-PBSE A|AH 3 o},
cell lysis buffer(50 mM Tris-Cl pH 8.0, 5 mM EDTA, 150
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A, Xeray filmel] >=Z3te] F&s15i}

4B

dn o n#

p16NKA SXxlo| elmasiE| Tolof olsh M= LY &
WA 5}

Hela, A549, H1299 Al EFel] ple™“4 Fd=t

il



transfectiond}iZ, 12A]7F wjoF Foll Western blots A]3)3)eq
p 6K} caspase 39 mrAle) 0E oFFE ERlETh
I. A3} transfected ¥ pl16™KA 2] %)) o} pl6 v
% 2] ol Frteh= RS 1 = UK KFig. 3A). 2
s} A6l AM-E 3 7S MEFAM ple wae)
F82 2 2olE Boir). HeLa MEFS 74 HE2F
- ulasled ple™A = 1 gt 5 ugll M ple A
2dgh F7HE AR, 10 pgellAls 2318 1, 5 pgell
A X ofgh el g sl o], pleNKiA) 4]
5of v} transfection 9} &go} Gebd 4 912w, 10 ug
oA Bt 1, 5 pgelld Efel w8 ALE epydh
H1299%} AS49 A ZF2) A4, T AEF BF pleiNkea
TS 7P A B A EFolmg, h2T-T} v sl
o pleNKIA forzlel iR W) Fot Ak Felst
2.805. 53] H1299 AEFE oFF &t pl6 Tjdde]
& o] Fats|qic), o]} 7He- A= p16™NKIAY pransfection
%, 1287ke] AvpE ple Ao ko] ofu] Alsisar 9)
T A& AlAkslm, 247 Al ek A pleNKA fda)
e FEAA 71 Hele] sk A Ekle 4 9ldd
v 71 ElF FEE 715CE. transfection?] 715 A
% aled ARS AlePsigict.

Caspase 39| 84X 3= Fas ligand7} Fas g Zgl=]
o, o] 2137} FADDE 71# caspase 8 A FA[7]L, o]
oA caspase 37} EAIZNAT}. A caspase 3= AMEZAPHE]
A2 27 AYEE AR FAHE] g ddEta ol
[£]. o=bA] caspase 3] A4S FHAZIe 2 M EAPLS] A1

A pcDNA-pl16
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pcDNA S8 10ug

A549 -
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Fig. 3. Transfection of pcDNA-p16"™¥*** jnduced p16™%** and
pro-caspase3 protein expression in several cell lines. Western
blot of total protein from transfected with pcDNA-p16™%*2 cells
that were harvested in 12 hours after transfection.

p16™“4 INDUCES APOPTOSIS IN THE HUMAN CANCER CELL 75

A Apoptosis Apoptosis
A} . .
-
=]
=1
o)
(&}
pcDNA~-control 1ug Sug
>
»
Propidium Iodine
B 100
] Apoptosis - peDNA control
804 — = DCDNA-PI6 (1ug)
3 . o PEDNA-DIB (Fpg)
2 607 ;
= 4
ER
O 404
3
207
1
1
0y .
10° 10*

Fig. 4. Quantification of apoptosis by flow cytometry on HeLa
cell fine. HeLa cells were transfected with pcDNA-p16 N4 iy
each concentration. (A) Cells were then stained with propidium
iodine, and (B) DNA fragments were labeled with fluorescein-12-
dUTP. Nuclei were analyzed for DNA content by flow cytometry
using Cell Quest software. A total of 10,000 nuclei were analyzed
from each sample.

g AFZ Bld 2 Qle}. ol pro-caspase 374 A
A caspase 3% B4 3 Hy A& A AEE Fig 3Bl A
HeLa cell?] 7% transfection b pl6™ A 2=} | pgo
EEMBE] pro-caspase 32 7447} vERGEIL H1299 cell
fME 5 ugell P8 B3] pro-caspase 39 HAE el
& £ vt =3 A549 celldlME 10 pgoll A pro-
caspase 38| AT BAR. 9 2 BHE A FF
o qEF 2T pl6NKAe] whele] F1EwA, pro-caspase
37} caspase 32 A 3}E o] ZFhsle A0® N EANY W
AL Elslsirt.

p16MNKA 2XXto] transfection® REE MZEAIY
B4

pl6™*4A {-12)2) fransfection®) 98-S PolR7] 913,
TUNEL ¥43} 37 Pl 942 3] flow cytometry ¥4
S %3l cell cycle 9] W3S FAs}gT} Fig. 4Ax Hela
cell®] PL 94 Az}oleh af A & 4 gl5e] pcDNA-
plE™&A 1 pgol NRE) M ZAPE R4S e 4 gleh
Fig. SA% AS549 cell®] P1 94 ZAz}efry, o A] pcDNA-
pl6™KA 5 g oAl Fedal) MEARY S R
3 vk #F o) A N EAY S Falsty) 9l
TUNEL 248 Alaisjgdet. A 71 §- A28 12417 )
k&3l TUNEL #4 Z3} Fig. 4BelA] Hela Al %5 1
A} zro] thx7} nlarsied ple™KAE FE 1 g, 5 g
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Fig. 5. Quantification of apoptosis by flow cytometry on A549
cell line. A549 cells were transfected with pcDNA-ple™** in
each concentration. (A) Cells were then stained with propidium
iodine, and (B) DNA fragments were labeled with fluorescein-12-
dUTP. Nuclei were analyzed for DNA content by flow cytometry
using Cell Quest software. A total of 10,000 nuclei were analyzed
from each sample.
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transfection A|Z-& W HEZAFES] 718 sl w3t
A349 AZFANE AFAPD o) U= 7S JASt 5= 9
9 oh(Fig. 5B). 28} HI1299 Al E F+ TUNEL assay=
M MEAPE FAFE A T3] Bd = glvi(data
not shown). 224 22 TUNEL #H-& £3F Hela, A549
AE Fo| M2 p16™NK4A 31212 transfection Z 2ol A E-
T I%ol, Al MEAFE S fredhd o 5 st =3t
pleMKiAel Sw g olsled, H1299 M EA] caspase 3 ThY)
2e] B3NS Z3} A FAPDo] WAL, o] pleMNEaA
9] o)l 25t MEAPF ] ps3 AR EAl o Hol= &
FAel 7|32 Agshe A= Balsleln)

[=] (=13
el o |

2 A73L B vkl o2 cyclin-depen-
dent kinase *3] &4 2] Toyocamycind #2]8}91-2™[16],
3pshA AL Fote] SA o] AR AL AEA
MCS-5AE- FAsITH3). o] MCS-5AE- o83t &t 71d
L 213t 472 E3led, human promyelocytic leukemia
cell(HL-60)o A MCS-5A° 2} 3l cyclin-dependent kinase
inhibitorg] p16NK4A chal o] Wi Zr|r) o 9] A EF
7] A2} FAlell HL-60 cell?] MEAPLES F-E351= AE
shelslodrh(data not shown). Z2v} HL-60 celle] 73-$-2)=
22| non small cell lung cancer celNSCLC)2! A549

celi(plo™K4A A M E7)0l] MCS-5ATF M 7ol
A3 MEAFH o] f=5A] Aoket. whebr] MCS-5A¢]] 9|38t
HL-60 celle] A o] A EZAME fr=t B4 fFHAtql
pleNKar o) Az of i g Exf ool o3 FHpHE A
22 getE)gic) o)#gh WM B 7 pleNiAe] 7]
Fol| d2lA NEF7] GAS F238= cyclin-dependent
kinase inhibitor(CKD)2A 2] H& % opje}, p1eMkar &
Az} HEAPD S 28 4 ke A2 715S
317] Slsle ohge] AFE Al=sdc & pleNA A
A EZFQ] A549(—pl6/+p53)2 H1299(—pl6/—p53) 12| 1
ple™K4A g ) E]l HeLa(+pl16/+p53) Ml Eol 2|58
Bl ple™NKA SRS =AIA, 7 A EF A ] A ZATE
. oJHZ2 wlwslaAl st 4 wild-type plo™n 4
AZE 712 Hela cellelX & RNAS FE38le, HAA}L gb
$22 (DNAE &3, PCRE 53 pl6™ ™t fAlxE &
F3}9it}h. pcDNA3.1/His A vectorol] pl6™NK4A FA21=- 7)
$ Y3 competent cell (XL1-Blue)ell 32 3h3}e]
cloningdh ¥, pl16'™NK*A cloned theko 2 FZa1gt}. Sl
AF8 27Ee) cell lineol] ple™NK4A $HAZE F=(0, 1, S,
10ugfdE. transfection X171 ¥, pl6 RS 9 A7 F
oH(12417}) 371 5], TUNEL 9] ¥42 Fsl AlZA}
o] FEFEAE ekl 2m, =3k Western blot ¥4-&
E3lo] pl6 TAT} M EAPE = Q1AI]] caspase 39] T
3 okabS #olsldeh A A3, Western blots -3l
transfection A7) pl6™NK4A §-Az}ol e-mof) whe} Zh2the)
cell lineol| A pro-caspase 39} Z+4%He &S 4 9l
TUNEL £4-& 53l A549 B Hela cellf| A A AL o]
FE¥L gelal 5= glslith. B3] AS49(—pl6/+p53)2} Hela
cell(+p16/+p53)el 1= TUNEL 24 2 Western blotS- %
3} pro-caspase 32| caspase 329] & 52 Tl MEAPY
of WAIRF S FAA FAF 4 dB 2, v
H1299(-p16/~p53) cellol M= %] Western blots &3t
pro-caspase 39| A3} nhE Bal AR MEAPDS &
ol & 4= 9ldv}. =3k ps3e]l AP = H1299(-pl6/—p53) Al
EFo|Ae] ple™Hhel| 23 M EAPY FEE ps3 H|EA
L2 Ageicis ARLE #AE 4 Qe AEHeE gt
A AR ple™N*IAE CKIZAMS) 71538 ole), AlEA)
g fror WA HFH 9lew, o] 752 Ut o
A AR ps3e SRAH 2R Agais AME Ekls)
Aok AZANE = 7PQTNA ple™NATE A EAFE S
E3he 7)Aol deirE oFA HEsA gl v glom,
) 2 Al M gekst AlRS Sa) A7) A Felo
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