BEABR I BGEE 5204 25
Keimyung Med J
Vol. 20, No. 2, December, 2001

Antisense DNAE A}2-38 C
A EL] A AA

A st o3 o 91842 35
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Abstract : Cancer is characterized by deregulated cell cycle. Recent studies on cell cycle
have demonstrated that some proteins, which regulate cell proliferation, may also be involved
in oncogenesis. Critical transitions in a cell cycle are regulated by sequential activation of a
series of cyclins and cyclin-dependent kinases (Cdks). Cdks are catalytic subunits of a family
of serine/threonine protein kinase complexes, and are involved in the progression of cell cycle
at various stages through G1, S, G2 and M phases. Cdk2 is essential for transition from G1
to S phase of mammalian cell cycle and overexpressed in cancer cells. In this study, we
examined the effects of antisense to Cdk2 with a novel structure. Circular antisense,
targeting a large area containing the translation start gite of the Cdk2 cDNA, was
constructed. When Hela cells were treated with Cdk2 antisense, dose-dependent decrease of
Cdk2 mRNA was observed. Cancer cell growth was found to be inhibited by more than 50%
determined by cell counting assays. However, cell growth was not significantly inhibited,
when treated with sense and control single strand DNA. These results suggest that Cdk2
plays an important role in the cancer cell proliferation and circular antisense DNA can be
employed in the development of molecular antisense drugs for cancer.
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o AxE AY Axde dz2A AEH Ax3
TS afsta glom AxFY] AgAE F GL/S
71(DNA &4 £4]7]/DNA 4714 243k o
7] o FAAS] Az E o IA FAAe] E 24
gloll oJsle] oF A2 WEHT(1,2). G1/5719] Al
¥F71E 243k pRB ©ide AARIAL E2F9)
Agsle] E2Fe] AAEA S Adfei AEFAE o
Adhe E2AQA & JAREAR dEA UTH3.4).
a3 Al )] #HE ] A ES Ak
A7) 29 Cdk/eydin B0 23] pRB T
Fo] 9Ats}l EH pRB THAE o A UREA Y
2Rl o] AgEo] pRB/E2F B34 e ESHH(3-5).
I A3 pRBERH E&E AAKIA E2F7F 843
go] G17] Al B4 FHATe] HAF 24
e 1 AZF7lE 7= APIr(1,3,4]. o] BE
o 98} G171 243 cyclin (cyclin D & E)
4 Cdk (Cdk4 £& Cdk6)E 217 & frARIEA 7]
T 7N YA 9 o] Z 2 cyclin
dependent kinase inhibitor (CKD i E8&
Cdk A3 dBd= EAeta UrH1,6,7]. & A
71%& 7H CKI 715 52 A257] 834 F GO0
2 Gl 2709 dEF oz Tt IS vEe
o AME #H B3} & FAAY AEY
Cdk/cyclin 53419 &AL A7t Brbssirt.
webA pRB/E2F E3A e @43t AZE Afste
o ABAE AL 5te] pRBY <IAHEE W)
e 7152 7 Cdke] AsiA 7L o ABAR F5
53 9IeH5,8). Cdk2E G17] 2§78 AxZ7
#HolslE serine/theonine protein kinaseZA]
cyclin A, cyclin B9} 253814 pRB ¢¥a-5 ¢4t}
AF)E QAR AEZF7] Ze] F23TH9,10].
G17)123E 9719 W A9 cyclin B¢ E3AE
A8 A DNA BAle] A& AAsHH, S7]de
cyclin A9 BFAE A elA DNAT T B4 #
oJglti(11-14].
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574 FAA g3 s S 3 4 B E
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g3t JTH15-17].
e FEaola] &4 9t antisense
143l1, =< antisense 84S Ve
£ A2 antisense® AMSSH AEF7] AP&
AstaA HHTH15,16). Cdk29) i3t antisense
TFz38lod HeLa A|E< lipofection? & Cdk2
mRNAZ S48, =8 Ax 4% 4L B3l
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A E H} 9ol = fetal bovine serum (FBS, GIBCO
BRL, #=), trypsin-EDTA (GIBCO BRL, w=),
penicillin/streptomycin (JBI, 3), Dulbecco’s
modified Eagle medium (DMEM, GIBCO BRL,
o] 2)uj R & ARE3ISI T Transfectiong $13 OPTI-
MEM (GIBCO BRL, "=7)#, LipofectAMINE
PLUS™ reagent (GIBCO BRL, #=)& AM-351
t}. RNA #& %+ TriPure™ Isolation Reagent
(Boehringer Mannheim, 54)& AH&ste] 343t
Ak, dAA TFEL AH S (reverse
transcriptase polymerase chain reaction, RT-
PCR)< Access™ (Promega, V=) & AHE-Sto] o] &
AT 71et Aleke 55 UlA dFAIE TFYst]
ARg-3ATh

2. Cdk20fl THet H2HE SHUTLE DNAQ| A%

Hela AZoNA #al"H RNAE ARESt] Cdk2
primersE °]&3lo] AAAL FHEL Ao R
ZZ319t}. Upstream primerd] AMEE 47 ME
< 5 prime end-TATTCTAGAATGGAGAACTTC-



Antisense DNAZ A3t (dk2zA ] o3 A F o] A% A

CAAAGGT-3 prime end®]il, downstream primer
o AFEE F7] HEL 5 prime end-ATAGGATC-
CTCAGAGTCGAAGATGGGGTA-3 prime end®]
ot (DNA F4E 48 TollAl 4583 %L, 5
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a4 A9 (polymerase chain reaction, PCR)
2 94 ¢olA 30%, 56 CollA 15, 68 TolA] 283t
o

0% agarose gelell 27| 9E3o] Cdk2¢] %3 o

—

Singe stranded
circular DNA
(cdk2 antisene or
sense)

Fig. 1. Construction of a plasmid vector containing Cdk2 ¢cDNA. The Cdk2 gene was cloned into an
antisense vector and Cdk2 single stranded circular antisense DNA was constructed through several

steps.

29 HA=AE sy sl
Sanger?] dideoxy methodZ ©]&3te] VM ES
golala, d#e AL AA A= H43 dd
7} DNAZE A=At (Fig. 1).

3. HIME 2hotet DNAQ| Transfection

HeLa AEE ©]83lo] transfection 24417t A
48-well plate (Falcon, v]=h)°] well B ¢ 5x10*
N AR B8k, A¥e 44 Ad OPTI-MEM
o2 T H AFSYa, 100 4L OPTI-MEMS 2}
wellol AFA ol Ut 2249 #43 dd7t=
DNAE F=HE=Z 0.1 #g, 0.3 #ge LS9,
LipofectAMINE PLUS™¢} #23 ©d7l< DNA
ofe] BgA] vl &2 1 @ 42 AZ3r). ol H4
3 Trel7}e DNASH LipofectAMINE PLUS™ 23
A= 50 48 OPTI-MEMe 814 AlZa, 15% &
ot Aol A WHgAIZl T ZF welle] Al2ol H7H.
HAAE dd7te DNA o8 A2jd A2e 37 T,
5% COz Bl71elA 6217t &<t 8l < 10% FBS,

penicillin (100 U/mL)# streptomycin (100 #
g/mL)e] £3E DMEM wiA1 & ¥ol v}, 22l
37 ¢, 5% COz W7ol 4] 4813t F<F vl g3ttt

4. HA RNAS 22|

TriPure™ isolation reagent® o] &34 A
RNAS 8=, wtd Al Ze] TriPure reagent
2 1 mLA Yol AEZE $83 T 200 gL
chloroforme 22+ @A ZFabAl &g¢k - 12,000
rpmol|A] 1587 94 Bstsinth. 4 :
22 %9l isopropanole 22 % 12,000 rpmelA]
1587 9415 slof AA RNAE JAA A A
H RNAE 70% &2z A& 5 50 4.9 0.1%
diethyl pyrocarbonate (DEPC)E AZg FHol
=90}, 283 DNase | (RNase free) 1 L 2
o] & % 37 colA 1583t A2lsiav}. a8 v
B3 U3 9k phenold Yol AE9S #Hdba,
710 2 <] chloroforme 2ol YA A% 98 &
gatadt. 1/10 $%<2 3 M sodium acetatest 2H]
9] &S HE¥ &9 ¥olFo] 12,000 rpme]
A 2087 94 et AAAAT. AAE RNAS

T N,
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70% 1229l A1 e & RT-PCRO A3ttt

5. 9FAL ZEEA HMEES(reverse transcriptase
polymerase chain reaction, RT-PCR)

QAAL FFELS A @Y BhE FEAA
Access™ RT-PCR kit (Promega, #1=)& Al-&3l4
FastE T Cdk29l gt primers$} f-actinel tlgt
primersE FAlo] ©]&3dle] RT-PCRE $33t9it.
Cdk29] thgt upstream primer 971442 5 prime
end-CTGACCCGACTCGCTGGCGC-3 prime end
o3, downstream primer 971 MEE 5 prime
end-GGAGAGGGTGAGATTAGGGC-3 prime
endo|t}, Z18]1 B-actinel o3t upstream primer
A7l HEL 5 prime end-GAGCAAGAGAG-
GCATCCTCAC-3 prime end®]al, downstream
primer 971 €< 5 prime end-GATGGGCA-
CAGTGTGGGTTGAC-3 prime end°|t}. RT-PCR
FHo = RNA, PCR primer, avian myeloblastosis
wlolE A& AAAL B4A(5 U/pl), Tfl DNA SHEA
(5 U/uL), dNTP (10 mM, 1 #L), MgSO« (25
mM, 2.5 #L)E F7FIit. 2211 0.1% DEPCE
A FHTE AT DNA 442 48 ¢l
A 4587 389 a, PCR ¥H-2 94 ‘collA 30%,
56 ColA 13, 68 TolA 282t dhgAH o™ 253
yrEE9I T RT-PCR AHE-2 1.0% agarose gelol| A
A7) GEslo] Cdk29t fracting] FAAe] HA S &
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1. Cdk2 antisense0l] 2|8t Cdk2 mRNAS] &4

Cdk29l] thgh M2 729 antisense EAE A
AokS antisense 842 &1317] A3 in vitro Al
I3 A9 AYsHth. Hela AlZo sxE=
Cdk2 antisense® A2l8i3itt, dx2To&2= Cdk2
sense, L& i control @€ 7t E DNAZ
transfection A28 3 4817t RNAE #2131
t}. DNase | (RNase free)& #1213 & RT-PCR
& E3to] Cdk29 mRNAQ level =4 s3ith.
Cdk2 antisense 0.3 ugs A2 3% S o B2l RNA

o] Eo]A o2 antisense TA} A3t A& A2
aart. whdel fzzdA e Cdk2 mRNAZE & 9
&2 i) g 2E AT F ISITHFig. 2). 371
HOoZ fractin mRNAS] Fae AT dizTd
A FTEALE YEA] g3kt

2. Cdk2 antisense0f 2/5t HelLa M{Z2| A& 24
Hl

=3

202 (dk2 antisense A7} AA AE
7] a2z vt AR ARl 93 A

Fig. 2. Specific decrease of Cdk2 mRNA by Cdk2 antisense. Cells were treated with Cdk2 antisense,
Cdk2 sense, and control single stranded DNA (ss) for 2 days before extraction of RNA. Extracted
RNA was subjected to RT-PCR for 25 cycles. Amplified DNA fragments were run on 1 % (W/V)
agarose gel. RT-PCR was performed with total RNA and two Cdk2 primers. Lane 1. Cdk2
antisense 0.1 ¢g; lane 2: Cdk2 antisense 0.3 pg; lane 3: Cdk2 sense 0.1 gg; lane 4: Cdk2 sense 0.3
g; lane 5: control ss 0.1 pg; lane 6: control ss: 0.3 ¢g.



Antisense DNAZ AF&-3F Cdk2Z4 )] olgt A o A% <

#2313tk Hela ¥ A&7 2 Cdk2 anti-
sense 0.3 pg, 2T C2 Cdk2 sense 0.3 p2, con-
trol 2715 DNA 0.3 g2 A28+t Antisense
A7 48747 Fof Feen)d o AEe] A &
Z39S ) & vl A o2 Ao A
ol JAlEE AL #H2ATL F YA (Fig. 3). &3
Hela A2 A&t 2 Cdk2 antisense 0.3 ugs
AgsAY, iz 2 Cdk2 sense 0.3 #g, control
T 7t DNA 0.3 pg2 A2l F 2403k 5
Bt AL 5 A3 oW 2T} Bl ae)A
Ag ] AEe] 7t A om Hadhe s R
g 4 Jh(Fig. 4). 2@a Axe] S22 #

7] Y& H¥FeZ Cdk2 antisense 0.1 uge AZ
o AgstAY, ERTCE Cdk2 sense 0.1 pg,
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control ©¥7Fe DNA 0.1 #gdt A5l transfec-
tion 49 Holl MTT assay®l4 antisense * &
A AES Z4 JAE FEIATRE A, Cdk2
antisenses A& o] d2F st 50%
oA} A Ee] FHo] AAH = AL BT 4 Uit
olg gt A2 A2 F2E AAE Cdk2
antisenseZ} A EF712] A3 A 2 o]z} Al ZA
Aol Ao aHA o= o] &8 F Y5 UEITL

PN

Fig. 3. Growth inhibition of HeLa by Cdk2 antisense (X 100). HeLa cells were seeded on a 48-well plate
at a concentration of 5X 10* cells/well. On the next day, cells were treated with 0.3 xg each of
Cdk2 antisense (A), Cdk2 sense (B), and control single stranded DNA (C). Cell growth was
examined using a microscope after 48 hrs of the transfection.

~ 60
S 50 2
<
~ 40 x —a— Cdk2-as
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Fig. 4. Growth inhibition of HeLa cells by Cdk2 antisense. HeL.a cells were seeded on 24-well plate at a
concentration of 5 10* cells/well. On the next day, cells were transfected with 0.3 gg each of
Cdk2 antisense, Cdk2 sense and control single stranded DNA. The number of cells were calculated
by hemocytometric scoring after 5 days of the transfection.
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3 AEXEAE AANE AL e, £
LipofectAMINE PLUS™ o] A& 2F7}e] *ﬂf% EAo]
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antisense, Cdk2 sense)E A|Z3IH 2™, Hela Al
Yo . d2 A¥dFo R (Odk2 antisense, W&
o2 (0dk2 sense, control @7l DNAE
Lipofect AMINE PLUS™ S} B84 @43}
transfectiondtsi g = AZTAA Cdk2 mRNAZF
Eolxoz ZIadte AL gl & & 9\}1\0}\;} w3l
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