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Development of Covalently Closed c-myb Antisense Oligonucleotides
for Growth Inhibition of Leukemic Cells

Ik Jae Moon, Ph.D. and Jong Gu Park, Ph.D.

Institute for Medical Science, Dongsan Medical Center,
Keimyeung University, Taegu, Korea

Purpose; Aberrant expression of the c-myb gene is often detected in transformed leukemic
cells. Inhibition of c-myk expression by antisense oligos could be an effective way to abort
rapid growth of leukemic cells. Developing stable antisense oligos combined with en-
hanced delivery into cells would be of great use in developing an effective anti-cancer
molecular agent.

Materials and Methods: Selection of target sites was carried out by employing computer
simulation of mRNA secondary structures. Multiple antisense oligo sequences were ad-
joined and AS-oligos were then covalently closed to evade exonuclease activities. C-myb
antisense oligos with a novel structure were complexed with cationic liposomes and used
to treat HL-60 leukemic cells.

Results: We developed covalently closed antisense oligos which harbor four adjoined
antisense sequences. The c-myb antisense oligos were found to be exceptionally stable and
effective in specifically ablating c-myb> mRNA. The antisense oligos were able to inhibit
growth of leukemic cell line (HI.-60) by about 80%. Antisense effect was more pronounced
when the cells were treated twice with the antisense oligos at lower concentrations.
Conclusions: The novel covalently closed antisense oligo (CMAS-oligos) was found to
be effective and exceptionally stable. Growth of HL-60 was significantly inhibited, show-
ing a rational way to develop an effective moleculat anti-cancer agent.

Key Words: Leukemic cells, Antisense oligos, c-myb.
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A =

Antisense oligodeoxynucleotides {AS-oligos)& o]
23§21 grlmld BolHl By HAle
FAA AT Aol R8¢ EFE ARE 3%
o0i(12), shr} 22 Aol FA xaA Ay
Folx o] &5 o] g} Antisense o Foll A5 &=

2. 7lo] 9] A oligost= Watson-Crick base pair-
ing2 £ Z4 mRNAY| AEHES A5 Aol
o} AS-oligose HolHoZ f3Ate} U¥E
A 5= U FE AT AFe] Lolit AFe)
alch. olelgt A S o] falod ulek FHAL] E
H el HEo] gHAE AR o Aloll WgE ol
A7t A EH o] gheh(3,4). AS-oligosoll &gt #-4
2w el A= AEAQ] mRNA 47 sidel
Agsho] RNase H B4& S 580 24 mRNAS
AAsAVY HL A HHE 9% ribosomal
complex2] A o FBE Yoz o] Fof
Ath(5). 3 genomic DNAS ZEZ 3 AS-
oligos¥= triple-helix T2& #Asle] fA2] A
A o #ghoke).

AS-oligosE #83l7] falAE E 7hA A4E
ofof ¥ EAZo] Yl ol nucleasesol it
g4 A, B4 7] widell FolH A ¢
25 z2=3 HENS Z8H A Feoloks.6).
Phosphodiester (PO)-oligox nucleasesol] wi-§- £t
A3}7] wjoll phosphorothioate (PS)-oligo, methyl-
phosphonate (MP)-oligo, C-5 propyne pyrimidine oligo
1831 N3'—P5' phosphoramidatess t152] ¥
2 oligo 444 E0] APEo] FehT~9). TelLh
o] B2 73-%oll whb 3 Wi o17] widol gt
Eol4 1l RNase H &4JoflA E47HE b3
Ths,7). AS-oligose] AIE Wi E&H HEE 9
#)| A= liposomes (10,11), folic acid-polylysine car-
rier (12), electroporation (13) & olg] 7= o]
A8 E o). Tl el| = cationic liposomesg- o] 8-
At wbye] A&4ke] PHEgst YuHes F2
AE ) AY Aoz YHs AEHR ek

Cationic liposomes?] A}-8-© 2 nucleasesoll Ttk
AS-oligog] A4 9 A | HEE 4l A
A5 9 A7k, cationic liposomesS AbH|2) E4fol]
uh2 Ahguke] g7} glon, Ad A4
olAE g MAE Hag weklo)

Proto-oncogene c¢-myb2 Z3 M) FE(hematopoietic
cellyell A AMFE FA2 238 A& =44 T2
& g @deia e A2 Radgich
A9l =Y AEAA comyb UL LF A
o meb MY Wis} glen HE 23 A
o} 29 A XAy ol 22 k) cmyb A
o] wrRIch3). 2y Ylgh AFEAAE v
3] c-mybo] BIA A = 3}uF¥ (overexpression) =]
2 9}, HL-60 (promyelocytic cancer cell line)&}
K562 (CML, chronic myelogenous leukemia) 3 41|
EFE WA LZ cmyb mRNAE ZEAIZE o
A X2 FAlo] A=A} apoptosisE At
o 2aE3 @) 2t WA7kR] -85 AS-
oligost- antisense L 7F YA R ALEZ] o=
2 23 Hel U+

mRNAS] 22 g 33 F2Z7F AS-oligose] &
Aol Za¥ of3kg mHA 22} F27F H2 K
Ho] wae BBl ASoligoss] HEZA "
H2ldte] BarE|gict. vk mRNAo)A 23 F
27} AL ool AS-oligos?] HE AHez A
A7l a3 2 drde] J)Eo Mg vk e
A AHQ mRNA 22k FZ 74 g A8eiwl
tH14). &35 94 AS-oligoss mRNA A4 st
7t A e $43 Aeg Heksl 4709 anti-
sense 7] g M F nucleasesell =) $- A
gAdo] 2 e Lz #HH¥ (covalently-
closed) #AE  AlAstdvh #H4d F=2] AS-
oligos A|ZH-2 A nuclease #AJo] tHREE
exonucleaseol] 7]213H15) Z1 & o]fslxzt R}
B odFoll 4 cationic liposomesd& FHIAH R &)
o], c-myb mRNAo| thal A2 F=2 =HH¥
AS-oligosE A& e NFoly FAE A
AA ARE HEslhoch
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Mz 3 Wy
1) Cell lined} M|ZE HIQ

oo} A ¥ 2] HL-60%= KTCT(HA, KIST 4
W FedrA)ell A EoF ol dye) ARatgich.
RPMI 1640 (Gibco BRL, USA) ujekoiel] 10%
heat-inactivated FBS (Gibco BRL, USA)%} 1% peni-
cillin/streptomycin (Gibco BRL, USA)E- 3] 7}3}od
37°C, 5% COq-incubatorel|4] wfeFslsivh 4§ e
429 BE ATE W HEeld YWY T
BES FHHES sho] el wiopely AR
Azlol ¥z % F Sslgiv) Transfection 59
Aol A8 HEE Y HAFA6RIT F) 44
B ufjekoo g R HE ¥, 04% trypan blueR via-
bilityE Belg ehe Aylel Agsieich

2) H44® Antisense oligos |}

Oligos2] #)AH-2 Gibco BRL (USA) %2 Bioneer
EFEE Aol FEe ALgslget C-mybg]
cDNA (16)E DNAsis program (Ver. 2.1, Hitach
software, Japan)g Ab-83lod 23 72 24§ A8
i), A5 antisense F7] ¥ 5 antisense
27t e AoE #AwE g A9 AS-oligosE
4o AaH 2zt T2 YA HE =% Y
9] =208 AS-oligos?} A|#5igl ). DNAsis pro-
grame o]-83}o] 471¢] antisense 237 wjY(Table
DE A4 wjdale] 22 #2751 2 g2 =%
ssdch(Fig. 1A). 343 60 mer2] 5 prime 4 kol
214kt =El olige (@-5 prime end-TCAGTTITTCA

TCCTGCTTTGCGATTTCTGTGATCTTCTTCTTTG
ACCGTATTTAATTTC3 prime end)® T: DNA
ligase (Bochringer Mannheim, Germany)3 A}-&-s}
o] % E& THAYLE dHAZ ) Ligation
£ $1ll4 5 prime?} 3 prime Lrhel] WHEHH R
¢l 14 mer primer (5 prime end-AAACTGAGA-
AATTA-3 prime end}E o]8&te] F2H(intra-
molecular) ligation-g }9 tHFig. 1A ~D). Ligation
£ AS-oligosg} o]ell 4AFE.Z Q] primerE 85°Col] 4
287 4 AHeldh | g2l A WYaAA
344171 %, T, DNA ligase® 1 Uf xg olige2 A
214t 5 16°CollA] 16417 Hh3-AlZ et Ligation¥l
H 204 oligos 5% Metaphor agarose (FMC, USA)
EE 15% 14 (denaturing) acrylamide geiol]4] o]
So] 44 Woand)) $F2 st Hs
%] AS-oligosel] “d%}El 14 mer primery exonu-
clease X 2lol] 23 AAH A}

3) Antisense oligos2| nucleaseOff CHEF SHE M
Aldl

A4F 9 =488 AS-oligos2] nucleasesol] i3l g
AAE oty S3 dAal=lA] gh2(non-heat
inactivated) FBS%} exonuclease III (Dakara, Japan)}
§ Azl £l =& 2A+9ch FBS 20%&
# )8k AS-oligosi= 37°CellA] 42743} 16417+ &
oF z}z} wh2A)7] % phenol¥} chloroform F#E-&
A2 15%2 #A polyacrylamide gel electrophore-
sis (PAGE)Z ¥4{8l¢lct. Exonuclease III (160
U/l peg oligoyE X el¥dt AS-oligosi= 37°Cel|A] 24
ZHbAIL F gUlet AL gleE 25 Y B

Table 1. C-myb antisense oligos used for construction of a covalently-closed antisense molecule

Name Complimentary site Type Size (men) Sequence

MIJ-1 253 - 267 antisense Is TCAGTTTTTCATCCT
MIJ-2 401 - 415 antisense 15 TGATCTTCTTCTTTG
MIJ-3 613 - 627 antisense 15 GCTTTGCGATTTCTG
MIJ-4 1545 - 1559 antisense 15 ACCGTATTTAATTTC

Nuclotide numbering is in accordance with the published numbering of Majello, B. et al (1986).
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Fig. 1. Schematic flow-diagram for the construction of a c-myb CMAS-oligo. A) 60-mer linear molecule consists of
4 distinct antisense oligos. Antisense sequences are denoted by distinct shapes, circles, squares, diamonds and
hexagons. Minor secondary structures shown in the figures will be unstable at 37°C. B) 5 prime end
phophorylation of the 60 mer linear antisense molecule. C) binding of a ligation primer (14-mer) shown inside
the 60 mer AS-oligo molecule. The 60 mer AS-oligo harbors complementary sequence to the ligation primer
at both § prime and 3 prime ends. D} an oligo molecule of closed multiple antisense sequence {(CMAS) with

4 antisense sequences.

At

4) Antisense oligo-Cationic liposome g

S| transfection

Lipofectin™ (Gibco BRL, USA)®] cationic lipo-
somes¥ oligose] E3MM i serumd FAYAE H
7leb7) 9-& OPTI-MEM (Gibco BRL, USA)C.&
3], sk Eel] Healslgcl. Oligos2} cationic
liposomes-2 z}Z} 20 21 OPTI-MEMo|| 3] 4l &
A ohg, ARolA 40827 A1l H oligos-
cationic liposomes H A& Folalgict A% A
g 41413 RPMI-1640 vz Sl & €
o} A ¥+ OPTI-MEMS 2 5 ¥ AlEsle] 5x10°
cellsyml® HE FEE 2AI F 48-well plateo]

100 14 EFs19dc). Oligo-liposomes E4hAlE 2
Y(day 0, day 1)E<F 23] xel3tgich z} wellol]
oligo-liposomes ¢ | & 40 u14 ] 2|slar 37°Cel|
Al 5% CO.2 6A|ZF wlokst o}, 10% FBS (Gib-
co BRL, USA)7t £%35 OPTI-MEM-Z 100! 7}
sled 16A]7F wfokslgict. 164174 H ZF well 25
B 10014 FFAE 2ALHA A § 47
oF g wyozm 7H7hY] wellol] oligo-liposomes
E3AE A el stsict. 6417 5 serumT} penicil-
lin/streptomycino] %% OPTI-MEM-S 100l 7}
33 2441 7F vkt F antisense BI-E H43lgic)

5} RNA E 2|2} RT-PCR

RNAY-2lE Tripure™ Isolation Reagent {Boehrin-
£
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ger Mannheim, Germany)E A-&3l9lon] A= 3
Aol A Pk v e 2 agdeh. 24Hzhe] wellel]
A} =A% A Xl 0.4 mi Tripure Reagent2} 80 ul
chloroform-& 7}sled total RNAS Baglsla, Hal
%] RNAi= RT-PCRel AH&3}gict. RT-PCRE Ac-
cess™ RT-PCR kit (Promega, USA)S A-£3l0] 3)
A7h e Bg o, g ol Stk
t}. 0.5 ml PCR HK-Hel| & Hl298 50ulE ¥
t} ®lS = Hol| RNASH primerE Y1, AMV re-
verse transcriptase (5 U/ ul), Tfl DNA polymerase
(5 U} ul), dNTP (10 mM, 1 D} MgSQ, (25 mM,
25 ul)E W F, DNA thermal cycler (Perkin El-
mer, USA)E reverse transcription®} polymerase
chain =R o 3laler).  First
strand cDNA 3H43-2 48°Coll4 458 Z-qF AlX|a}
.o, second strand cDNA3}AI# PCR =2
94°Coll 4 302, 56°CollA] 18, 68°Coll4] 2H-2

25 cycles E9t eislgict. PCR AAEE 1%
agarose geloll4] Felslgl o, gel documentation
program (Gel Doc. 1000, Bio-Rad, USA)E | &3}
o] %5 (DNAZ A%H oz ulw, BAaso

reaction-&

6) Southern blotting

Southern hybridizationS- ELC 3 prime end oligo-
labelling and detection system (Amersham Life Sci-
ence, England)& 3] Atell A A sl Wiyle® o}
£33 7o) slgdo}. RT-PCR YA E-2 1% agarose
gelz A7]dEA7] & 04 M NaOH L4kol| 4]
nitrocellulose membraneel] ©] A7}, Oligonucle-
otide probe labelting-2 30 merg] oligonucleotide (5'-
TGTAACGCTACAGGGTATGGAACATGACTG-3%)
100 pmolell fluorescein-11-dUTP, cacodylate buffer,
terminal transferaseS 2 438 & 317°Coll A} 7087}
HE2-A]# labelled probeE #)lz#lg v}, Hybridiza-
tion nitrocellulose membraneo]] hybridization 3
e (5X SSC, 0.02% SDS, liquid block) 6 ml& 60°C
ol4] 4087 Aelst & oligonucleotide probed
6.25 ng/ml ¥ 62°CE 1A]7F ¥F2A1# ). Mem-
brane®] AH 2 0.1% SDS7} E3d] 5X SSCE F

¥, 1X SSC (0.1% SDS)E 58°CellA 1587 F A
A#slgict. Membrane blocking®}3 & A3
HRP anti-fluorescein conjugated 342 30£7}
SA7) o5 ECL A|¢k& Meld £, x-ray YEo
L&A dadetig

o

7 ME Z4] X3 Al (nhibition test of cell
growth)

AE FA A ALY FAHLS MTT (3-4,5-
Dimethylthiazol-2-yi]-2,5-diphenyl-tetrazolium
bromide) (Sigma, USA) A& A-gstod o33} 7
o] Al3sledc}. HL-60F serume] €y OPTI-
MEMo.2 % ¥l A& F 96-well plateol] 6x 10°
cellyml® HE E2E zAaled 50414 B2}
9.3, Lipofectine® 0.2 pg/15 pl 2 ZA|3}o] 407
2ol WH3AFv}. Oligost 1ug30uld X
g zAuted A 154l OPTI-MEMe|| 2ui<-2 34
st 2, wl2] Z49 Lipofectin £H& F% (15
pDEZSI 15ETE o HEgAIFA 23]e] ZHx A
glslgdeth 12 A2l SA F 22 Heldla, 243
=] 10% FBS (HyClone, USA)SH ahAal|7} =3z
OPTI-MEME 7}3)3%. 37°CE 5% CO;-incubatore]]
A 597+ sfekelgieh

MTT 4|22 PBS #EHe Z 5 mgmlE =)
3tgl oo, wligke 100 pljwell & 100 nge] MTT &)
ok& xejslil 5% COsincubatoroll4] 37°CE 44]
7t ejdeigicl 2 % isopropancl (0.1 N HCI»&
wekolzl FaFo g Xelste] AL Fob Al
A B2 A7 & 4ol & vhS ELISA readerZ
570 nmoll Y FFEE FH

F | nl
1) 8% target sequence2| &FE N} m24H

antisense oligos |}

Halgl AMEoA FpREE T c-myb mRNAE
E8How 72AAFN7] YA+ AS-oligose] =
£329] deio] w-e FZaslch ME Helld mRNA
AR 2% 32 3% F2E YAl AN
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MRS wole ez 4#HA glch mRNA
24 Fze AAH Q7] At RNA A
el ola] o] Foirk, AS-oligos?] zHg-
FE olEdt ALE dsle] 22 F=7) A4
#5 B8 AdY of antisenseFIp7} AN}
= Aol Byl vl glvi(14). A4 phosphodiester
(PQ) oligosy= nucleasesol] tdt gHAde] gor}
PS capped oligos (oligo2] %% %xlo] phosphoro-
thicate & F4 % 7= F2HQ P42 AMg
Yol 2 7" MRS stem-loop FEE
o] § AS-oligos2] FA L] AMAdE Eng vt gl
o1} AS-oligos®] AL F74EQl Mide]l Ha
3t Ao} A|E WHol| A+ exonucieases7} T
B2 nucleases activitiesE b ch(1s5). ol& %
AAo) #ekalo] 7] &9 AS-oligosHt} nucleases
ol ek Adel EaL, 3t F2+2] AS-oligos?t 4742
Aoldt 28 Hfol HAEY & AEZF “closed
multiple antisense sequences”-oliges (CMAS-oligo)

-1:: ok & 2

A
bp
1353 -
310§
234 -
194 -
118 -
218 CMAS-oligo, 60 mer
Linear AS-cligo,
60 mer
Primer, 14 mer
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£ 39k, MAslY el CMAS-oligod] #A|#He o2
3}t Ze } o] FolF ot 44 AS-oligosF 47HS] AS-
oligosE dALH o2 chokdl =teon A4 wd

£ & F 27 F=E AR AAH 2
z¥ Aol 43R A F, MII-, 3, 2, 4 2%
Adslgdd. =3 60 mere] A4 AS-oligo: 5
prime R AESE #Hck 143HE oligos %
% kel AR -2l 14 mer primerE: AFAI] #
covalent ligation- £&}¢] CMAS-oligo% #2319
th(Fig. i}. 60 mer CMAS-oligot= 15% 4] PAGE
Arell A A4 AS-oligos} vlitAl A7 E A &
Aoz HAMAE HseichFig. 24). CMAS-
oligo2] H#A)-& exonucleasesoll w3l ¢t Ao 2
AEelF 2ivl. Exonuclease IS X |slRg o)
A719F 2ollA AdH oliges We EHE o)
7 gkskeh(Fig. 2B). W 44 oligow 24]7Hgtel)
Exonuclease IIlel] 2]sl] 2413 Eai=lglcl Exo-
nuclease IIo]] ¢+ 3§ CMAS-oligo 2#}+= mono-

N
4O
&
&
B
mer
120—
CMAS-oligo, 60 mer
60—
Linear AS-oligo,
60 mer

Fig. 2. Electrophoretic mobility patterns of CMAS-oligo. A) Oligos were analyzed by 5% Metaphor
agarose gel, lane 1; size marker, lane 2; 14 mer primer that was the ligation primer, lane 3;
linear 60 mer oligo and lane 4, CMAS-oligo. 60 mer CMAS-oligo was shown to be retarded
when comparing to the linear 60 mer oligo. B) Swability of linear and covalently closed oligos
on treatment with exonuclease III. AS-oligos are shown on 15% denaturing polyacrylamide gel.
Both linear and CMAS-oligos were treated with exonuclease III (160 U/ ug oligo) at 37°C for
2 hrs. Lane 1 and 3; samples were not treated with exonuclease III, lane 2 and 4; samples were

treated with exonuclease III.



354 uigerskE]z] : A31Y M2 199

mer (60 mer), dimer (120 mer) Z8|Z trimer (180

mer) & acrylamide A14bol] 1}belydd.

2) Antisense oligos2| serum nuclease®y| Lf#t

otE N JHM

AS-oligose &3 F7|ujgel 3l o8 Ay
B vlEo] nucleaseo] it %2 FHAe] anti-
sense A 7}tol] 23} 840k CMAS-oligo®] nu-
cleases -3l w3l +AAAE A7) $8 A
ufokol] AEEE 4 @A FBSE A&
AL nucleases BA-F FAsL=F 517] 3l 7}
o x| 2] (heat-inactivation)Z- }2] 9k}, AS-oligos
o} 20%2] HHET Eetod whE F B HA=E
zZAs el A4k oligow FBSE 44|7F A alslgl
2 ) 70% o]4e EE RAR 1647 Fele
R 2e] FalE vheblck(Fig. 3A). 8 CMAS-
oligot= FBSel| i3] 4417ta} 1647} F9t Ay
<+ ool B3 FE7 Qe ckFig. 3B). =g
Aol 4] CMAS-oligo nucleasesel] 3l oA 4
o] A4 oligo¥tt YFs| $Foicts A ¢+

et

mer

3) CMAS-oligos0ll 2{#t c-myb mRNAS| R0|
H Za

CMAS-oligo®] nucleasese]] W3t ¢l Ao) ot
3 frfienz, B ATy CMAS-oligo7}
og71ule] Eo}ZQl antisense AHE TR E
ZAbslg el CMAS-oligo2] A|FE W AL cationic
liposomes& AH-&3le] o) FojFlet A EH FF o
cationic liposomesel| 4] lipofectino] zlAlF A EE
Aol Hn k AHFHo g AT 5 AT ATE
vielidchul iz 743 A, CMAS-oligosg)
MIJ-§ 0.3 ug-2 lipofectin 1 zgz} =) HL-60 AE
ol] transfectiond] Z|-& vl scrambled oligo (SC-oligo)
2} d]iZate] c-myb mRNA 2Hgio] 95% o|4k Zh4i
Ml AHAF AS-oligo?l MIJ-SA 1 xg-8 liposomes¥}
A8-Pg wli= Sc-oligo®h Bl A 65% ukel 7
&7 {glvh(Fig. 4A). ol e A= 60 mer 44
AS-oligos 2.t} CMAS-oligos7t H-& e gy 9
%k antisense IS vep= AE HolF D Qi)

AS-oligosE £ c-myb mRNA ZHie] AHAE
BHu7) ##), RT-PCRXE ABAH agarose gelde]
EA DNA u]g southern hybridization2 2 #9lsl
9ot CMAS-oligoset 44 AS-oligosE HL-60 4]

mer

120—

60—

oy | .- CMAS-oligo, 60 mer

8| ™ Linear AS-aligo,
60 mer

Fig. 3. Degradation patterns of linear and CMAS-oligos in the presense of serum.
A) stability test of linear AS-oligos; lane 1, oligos were not treated with
serum (negative control); lane 2 and 3, treated with 20% FBS for 4 hrs
and 16 hrs respectively. B) stability test of CMAS-oligos; lane 1, oligos
were not treated with serum (negative conirol); lane 2 and 3, treated with
20% FBS for 4 hrs and 16 hrs respectively.
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A
bp
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1078
827 —
603 —| " Y|-— c-myb (583)
310 Qe— pg-actin (318)

& g
PR
0
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bp
i

1353 —
1078 —
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310 —
271/281" |

(=== ] <5

Fig. 4. Effect of c-myb CMAS-oligos on c-myb mRNA expression in HL-60. A) RT-PCR was performed
with total RNA and two c-myb primers (described in Material and Methods). Cells were treated
with 60 mer CMAS-cligo (0.3 ug) + Lipofectin (1 zg) (lane 1), 60 mer linear-oligos (1 ug) +
Lipofectin (1 g} (lane 2) and scrambled AS-oligo (1 g} + Lipofectin (1 ug) (lane 3). B)
RT-PCR was performed with total RNA and two c-myb primers (described in Material and
Methods). PCR products were analyzed by Southern hybridization, and hybridized bands were
visualized with anti-fluorescein detection system. Upper panel shows the hybridized RT-PCR
bands of c-myb mRNA and lower panel the hybridized RT-PCR bands of 7 -actin mRNA.

AS-oligos e} CMAS-oligos7t 3-& o 2% S
& antisense AIHE UEhllE & Boifs gl

AS-oligosE B3} c-myb mRNA 7HA:2] A8 E
E4st7] Yall, RT-PCRE A= agarose geli}2)
%7 DNA u]Z southern hybridizationo. & #¢la}
g} CMAS-oligos?} A4 AS-oligosE HL-60 A
Hof A7EE ZE 38w o 2 transfectiond} ¢
o} RT-PCR ¥ F&F% 54 2| uofly Ja4 A
23 CMAS-oligoE el g v+ 44 AS-oligos
T A§2E wist vl 24 c-myb mRNA 47}
U8 Hxjsto] 70%]4 mRNA 8 ZH4E et
Wet(Fig. 4B).

4) CMAS-oligos2| &E0}H o ME ME |

C-myb FR 78] t¥o] HE 4o FPofsin
2 c-mybol] tH3l AS-oligesE HL-60 A Eeof X&)
g H AE AR JAE =48 AR A
A E =A4317] $ia] MTTE o] &3 A Aok

g 0D. 3o g AX F9 FLE 43
CMAS-oligos® E3$H3E 7Z+HE oligosE 0.03 ug~1
pg FEF HL-60 A|Xe|| transfection®t 3¢, 5U =}
o] MTTA[ %S 7lela O0.D.& 2R gt MII-5
CMAS-oligosE HL-60¢] 11 k= 2 X a)gg
o 52 Frlel wti} HAHoZ AES 7
4=7F vrebgtan, 2w XS o 14 Mg A
Bl X Y] 2u) F& Z4=gcl 23] A
Alefl&= MI-5 CMAS-oligos7} w9 & =%(0.13
ug) A X 80% o]l4e] 7 antisense AHGE
e ek (Fig. 5). wFd 44 60 mergl MIJ-SA AS-
oligos®} 44} sense-oligost= Lipofectin FEi= o}
AR A2HA ¢ 277 afs of s
7t A2 gk ole st A= CMAS-oligos7} ¢
AE Qg anH o’ gy g5 YEHoR
A A RS vehdch
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Fig. 5. Effect of 60 mer CMAS or linear AS-oligos on
proliferation of HL-60. HL-60 cells were treated
with complexes containing 0.2 zg of Lipofectin
and oligos with 2-fold serial dilutions. Dose-
response curves are shown for growth inhibition
of HL-60 cells treated with 60 mer CMAS or
linear AS-oligos. Concentrations of AS-cligos are
between 0.013 g and I zg. Linear sense (S), Li-
pofectin alone or untreated controls were assayed
in the same fashion. Cells were then assayed with
a MTT reagent. Experiments were repeated in four
times and similar results were obtained. Symbols
in the figure are follows. — —; CMAS-oligos
(1Y, —m—; CMAS-oligos (2)*, ——@——:
MIJ-5A AS-oligos, —a—,; Sense-oligo (2)*, @
Lipofectin alone (2)*, (; Untreated control,
*(1) or (2), times of treatment with oligos.

i &

C-myb Aol o] = e a3
Myb2 9rlz] =3 7% F$i(functional te-
gions)g ZEvH(17). Amino Wk H-9jell 4
2] &4 (phosphorylation dependent) DNA A3 13
E 7xv, F7F B%oi= transcriptional activator,
283 carboxyl Wk RYelli 7% 24 HYs}
=g v-myb oncogenesl| A o] HEo] HLE
o] et Myb whlEL F2 W el EAlsH
DNAo] 7gsto] St cell cycleoll 4 Gi/S
phase® EIete =EAE 2AEPcH(18). =
comyb A A= =" ¥ WAE 2ENE F
ag 9Eg dgste Ao g deiFck(19). AFE
o 23t S A, A2 Z FoddtE c-myb

Haigh HFEoA Qe o4 FHAFIC) ¢
3t T8 AS-oligos® 7HAEAF| AL A At
Qajgh AEe) HAg FEHez =AY
9l 20 BaE|gjrl. 2Evh EFU antisense ¥
7} 4% AS-oligos] MEEE c-mybe] 71F
FolE g8 2 4+ U3 holrt Holdel ¥z
4 gl Aol ol £%) % Uok X AFo)A
i c-myb mRNAe] thal] 2x} 727t A2 Pelo
H 8 }F AS-oligos (CMAS-oligos)5 A2+t
¥, CMAS-oligosi= sj1be] 247} chae) EEol
Z8Y = YEF 4702 antisense 37| vidZ F
A%lo] 9l o v, nucleasesel] thal ks hA=E =
antisense XI7E $pstel Zlo] £ Al g}
FE Atk

54 ¢17] g2 A4 antisense AIE Sl
FA7|=n Q3 9471 Hch. mRNAE A
el A bl AEe A4 dele EastA gk
22} e 3% F2E Fsl7] sl&ell AS-oligos7t
EY ¥4 Aug AFel ¥ slok k. o
¥l hairpin loopE ¥ Ha-ras F+3#}2] mRNA
E o]&3)o] 10 mer2] AS-oligoseh AFRH YA
(hybridization)-8- &3 &t 3} loop %k%:9) 5 prime
£33 prime 741 9] 7)(flanking sequences) HL.ul+
= 7heke] loop o oie] 10°) T ¥ vhehdcl
1 B axgdel20). webA] comyb mRNAo) 24}
Al = antisense o7 Alg AL 22 L= B4
ol Wl loop AL HFsigict 2 d7HelA
B2 F2EH TEaRE o &t AE W
Al c-myb mRNAZ}F ¥ o 9lv 24 25 odF
¥}512F @k, 100 nucleotidesE a}rte] BA] frame
o7 Aus 30 nucleotides4] frameg 3 prime
gz o BAVY EAch 54 AT 22t
thE frames 2 & 23} TR E 3ol HX F55lo]
zAgez2A A A HellA HARE 22 F
27h 34 dode] A AHeAE Foludt @ek
5] antisense 997) o) F 22 Fzrb HE
HL(FE loop A F)ek G+C FHeko] 30%0]
4 EE A& AS-oligos?] B |7 widE A9
shglel ol2dt AAIAHQ HE WHE AEaiA

2]
o]
%



) - b1 HHE ol Antisense Oligonucleotides 357

EATYE AE W i A% AdAledl Fa%
o8-8 ¥l protein tyrosine kinase?l Sykg A-F
Moz AAR ALE HERALHIA.

AS-oligos& ©]-8-3%F the] edel4 AS.oligos
2] A8 ofodo] uinls] A Wl A codond
ZA0E ol &30} $oH(1). 2Lt AT comybe)
739 i wled sA] codond FALE down
streamZoll G4 wlde] ZAsEd] o] G4 wPE
v 5o)4gQl antisense HIE LERATER =)o)
3 e 2]), Wt G4 wd-g Halr] $
A kA vl A2 codondH S A AFH . #
AM7A] c-myboll thEE antisense Al FF PO,
PS-oligesE o} &sled o] FoiA AU H2 expres-
sed antisense vector (22) £2] wh o2 ol-t7l o]
Foiz gtk B Aol e cmyb §32 249
SolF ofael] g FAFE AF odalE & AT
o] Ndd 22 AS-oligos?] antisense 3 ¥}2}
AR ARatAt ok B dEellA A83 CMAS-
oligosT= 7]&2] PS-oligosir} nucleasesoll 953
stk tiEol & £242] AS-oligos7t 47l
Adoldt Rflel AR & e AHH EXE Al
Ak HhE AS-oligosy B7HA] A4S A
el & 4 fd=vl A, c-myb mRNAo)] 4EH
o 47 widE ZE 4 goate] 43t VIR E =
of 2 Eal, g 2219 AS-oligos7}t v B %
2ol &Y 4 glom M=, exonucleased] &
F217F gle] b AMde] AAE =R 432 oligos
Agom BRALY Bas 45T AR ARH
1=

PO-cligos 17k G WMol 4 308 ghell %49
Halsld, 10% fetal calf serume} E3%E EA uj
okl Well4d PO-oligosy whEA] FE¥ 3 PS-
oligos= 1417F qholl H¥] o] vhehdr] A%
&}, MP-oligos 2] A] PS-cligos*] ¥ nucleasesel] Tl
g REAQ kA e FHE Balvh23) 2w
U} MP-oligos SSHE 8 o37] Wi Eol4e] o
4z "ol A, RNase HO| 3418 = sigtch24), 3
H PS-oligosE e 2 E& AgelY Aoz
F4H oligos®) wH7EF)7} 18~51412F gk A<

by B3 goh2s). =448 PO-oligoss &
#x 9 A sequences] £o]AlT} RNase H 4]
Al el obF# FAHE WlE Aelw, nu-
cleasesol] #|3}4 Al¥dl4] FBS (20%)& oligosE
P& wl A4 oligoss= A2 Hal=lglort =
% oligose 1641777 okt LS ES
ch. )48 oligosE exonuclease NIE 24|17} Xzl
e Wl A EutA] ekgkem, ofel wha] 44
oligosv> 44| Hal=ldcl. olzgt A8 AME
2 of wl2d oligose] nucleasesol] tHat kA Alo]
e e Aol AZEIRLeD, AA HolA
9] Z5 nucleases ¥4 9) exonucleaseol] &-& =8}
A 7HReE Al vl Fe] & o =413 oligos
7} in vivodl]A §83Y Aoz FhglEch o]
CMAS-oligos® 33 Folx ¥WE = nucleosides
£ AR gkgod A A% A AR F
o] =qloll Wigt & F Harl gl
48 AS-oligos?] antisense LI} c-myb mRNA
FHoke] 4, AXE A A dyleg FHgs)
gl HH3 As-oligosE 0.3 pgdh 1 puge] Avko
2 HL-60¢) a2 ul scrambled t &3 H| 2
A c-myb mRNA ul#e} 90%o]4 7ixlgict
ol# gk Ait vhre =H(1,2,7,26)004] 20 ug~
200 ug o] 49l T2 oligosek @ & antisense LIS
3¢ AT w2zt Aok Ao AER A Ee]
whe} thA-g] o]z AR 20w o] e} H.E ok
o2 comyb mRNAS) E& olA7} 90%o]4 2
o= e A4 PS-oligos®Erl CMAS-oligos7}
antisense A7 ol] B3 21 & el
AS-oligos?) Xzl 3 Y ool w-E melanoma
AE AR g4 dgellA 20 pgimlE =Y 54T,
50 pg/mlE 293y 22l 3 100 pg/mlS- 1Y F9 A
WS o FAe] A8 50% A AHE Eae
o, okol] wh} Ak & ZAAFt A4 ek
B aslglch26). zevh B oA Fell4 CMAS-oligos
(1pgE Uz 5 WMoz vre] Halgg uof,
Fatel A8 AT AR A mabvt #=A4 ohe
vtk o]#dh Aoldt Az Aeld AS-oligese]
O zeirt HAeh, A4 o AE HAY =



358 oigetuisA s A3 Y A2F 1999

el t27] oz dAZIG.

AEH ez B ool sl CMAS-oligost
Frl A3 HAX Adat FHol F2 AS-
oligos®] <F# M7l o]FolA i, nucleasesel]
)¢ kAl Akl oligosE X antisense FH 7}
gyt A2 B oA AY shgAe]l ¥
£ Aoz Az

- g

E ARyl A= 4719) antisense %d7] wiYo]
Walsle] ¢l 4% AS-oligos (CMAS-oligos)&
7iadstgdeh. 17 c-myb WEQE FA 2N HEl A A
Z5 MZE F22 CMAS-oligost= nucleasess]]
thels] ¢FA 541 antisense A% & HLE
ebutcl LiposomesTt 234 c-myb CMAS-oligos&
AlE3-S o o AXo) AL 80% o4 A3
ok oF AIE A A4 &zt AS-oligosE 7 W
He g o) Hul EapHe)qich

& n 2 8

1. Melani C, Rivoltini I, Parmiani G, Calabretta B,
Colombo MP. Inhibition of prolifration by c-myb
antisense oligedeoxynucleotides in colon adenocar-
cinoma cell lines that express c-myb. Cancer Res
1991; 51: 2897-2901.

2. Anfossi G, Gewirtz AM, Calabretta B. An oligomer
complementary to c-myk encoded mRNA inhibits
proliferation of human myeloid leukemia cell lines.
Proc Natl Acad Sci USA 1989; 86 3379-3383.

3. Kamano H, Ohnishi H, Tanaka T, Ikeda K, Okabe A,
Irino S. Effects of the antisense v-myd expression on
K562 human leukemia cell proliferation and dif-
ferentiation. Leukemia Res 1990; 14: 831-839.

4, Thaler DS, Liu S, Tombline G. Extending the che-
mistry that supports genetic information transfer in
vivo; phosphorothicate DNA, phosphorothioate RNA,
2'-0-methyl RNA, and methylphosphonate DNA.
Proc Natl Acad Sci USA 1996; 93: 1352-1356.

5. Wagner RW. Gene inhibition using antisense oligo-
deoxynucleotides. Nature 1994; 372: 333.335.

6. Young SL, Krawczyk SH, Matteucci MD, Toole IJ.

10.

11.

12.

13,

14,

15.

16.

17.

18.

Triple helix formation inhibits transcription elongation
in vitro. Proc Natl Acad Sci USA 1991, 88: 10023-
10026,

. Akhiar 8, Kole R, Juliano L. Stability of antisense

DNA oligodeoxynucleotide analogs in cellular extracts
and sera, Life Sci 1991; 49: 1793-1801.

. Wagner RW, Matteucci MD, lewis IG, Gutierrez Al,

Moulds C, Froehler BC, Antisense gene inhibition by
oligonucleotides containing C-5 propyne pyrimidines,
Science 1993; 260: 1510-1513.

. Gryaznov §, Skorski T, Cucco D, Nieborowska-

Skorska M, Chiu CY, Lloyd D, Chen JK, Keoziol-
kiewicz M, Calabretta B. Oligonucleotide N3’—P5’
phosphoramidates as antisense agents. Nucleic Acids
Res 1996; 24: 1508-1514.

Capaccioli 8, Pasquale GD, Mini E, Mazzei T, Quat-
trone A. Cationic liposomes improve antisense oligo-
nucleotide uptake and prevent degradation in cultured
cells and in human serum. Biochem Biophy Res
Comm 1993; 197: 818-825,

Yoon 81, Kim WS, Seol JG, Lee SG, Lee KH, Heo
DS, Kim NK. Preclinical study of HLA-B7 DNA/
Liposome complex for gene therapy. J Korean Cancer
Assoc 1996; 28: 358-367.

Ginobbi P, Geiser TA, Ombres D, Citro G. Folic
acid-polylysine carrier improves efficacy of c-myc
antisense oligodeoxynucleotide on human melanoma
(M14) cells. Anticancer Res 1997, 17: 29-36.
Bergan R, Connell Y, Fahmy B, Neckers L. Electro-
poration enhances c-myc antisense oligodeoxynucleo-
tide efficacy. Nucleic Acids Res 1993; 21: 3567-3573.
Matsuda M, Park JG, Wang D, Hunter S, Chien P,
Schreiber AD. Abrogation of the Fcy receptor ITA-
mediated phagocytic signal by stem-loop Syk anti-
sense oligonucleotides. Mol Biol Cell 1996; 7: 1095-
1106.

Eder PS, DeVine RJ, Dagle JM, Walder JA, Substrate
specificity and kinetics of degradation of antisense
oligonucleotides by a 3° exonuclease in plasma. Anti-
sense Res Dev 1991; 1: 141-151

Majello B, Kenyon LC, Dalla-Favera R. Human c-myb
protooncogene: nucleotide sequence of cDNA and
organization of the genomic locus, Proc Natl Acad Sci
USA 1986; 83: 9636-9640.

Luscher B, Christenson E, Litchfield DW, Krebs EG,
Eisenman RN. Myb DNA binding inhibited by phos-
phorylation at a site deleted during oncogenic activa-
tion. Nature 1990; 344: 517-525.

Gewinz AM, Anfossi G, Venturelli D, Valpreda 8,



19.

20.

21.

22,

i - v H]shE b5 Antisense Oligonucleotides 359

Sims R, Calabretta B. G1/S transition in normal
human T-lymphocytes requires the nuclear protein
encoded by c-myb. Science 1989; 245: 180-182.
Duprey SP, Boettinger D. Developmental reguration of
¢-myb in normal myeloid progenitor cells. Proc Natl
Acad Sci USA 1985; 82: 6937-6942,

Lima WF, Monia BP, Ecker DJ. Implication of RNA
structure on antisense oligonucleotide hybridization
kinetics, Biochem 1992; 31: 12055-12061.

Burgess TL, Fisher EF, Ross SL, Bready JV. The
antiproliferative activity of c-myb and c-myc antisense
oligonuclectides in smooth muscle cells is caused by
a nonantisense mechanism. Proc Natl Acad Sci USA
1995; 92: 4051-4055.

Kamano H, Ohnishi H, Tanaka T, Ikeda K, Okabe A,
Irinc 8. Effects of the antisense v-myb expression on
K562 human lenkemia cell protiferation and differ-

23.

24.

25.

26.

entition. Leukemia Res 1990; 14: 831-830,

Akhtar S, Kole R, Juliano L. Stability of antisense
DNA oligodeoxynucleotide analogs in cellular extracts
and sera. Life Sciences 1991; 49: 1793-1R01.
Furdon PJ, Dominski Z, Kole R. RNase H cleavage
of RNA hybridized to oligonucleotides containing
methylphosphonate, phosphorothioate and phospho-
diester bonds. Nucleic Acids Res 1989; 17 9193-
9204.

Cossurn PA, Sasmor H, Dellinger D. Disposition of
the "“C-labeled phosphorothicate oligonucleotide ISIS
2105 after intravenous administration to rats. J Pharm
Exp Ther 1993; 267: 1181-1190.

Gewirtz AM. Potential therapeutic applications of anti-
sense oligodeoxynucleotides in the treatment of chro-
nic myelogenous lenkemia. Leuk Lymph 1993; 11:
131-137.



	9: 


